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The work reported shows that:

Erythrocytes from chick embryos of 14-16 days of dcvelopmeﬁt may be used
. "1 ! ’

% _in ‘rubella HA ‘and HI ﬁcsts. . ' -

u

'\7. kS . . _" 4 T ¥ 8
./~~~ Purified rubella-virus HA ﬁntigéchqnfgins a NPgh stability (HS) amd low

& L.
-

3
A

'
"

stability* (LS) fraction.s

. 0 * . ‘ "“ . ‘ ty - -
Rubella haemagglutinatien 1s reversed by the action of antibody.  This-is

' usced in the  HAR test which has been dévclopcd. )
S ' .
. . - v 7 ) . » ~ . ~ . _;
The absolute concentration of YA binding units may be calculated from
the proportion of the erythrocytes ré;;ining as ‘monomerss gfter agglutination’
is complete. ' ' =
i ' e . oL . . ¥ L, ‘
C Onc HA binding unit is identical to one infective unit wheh complete
. - influgnza virus is used as the' test reagent.
. R . . : . s E . . 3 . o
L . The relationship between the variows dimensions of .a virus$ suspengion 1s,
P . . _ - L \ .
= ! ’ . - . - . . 8
. ' best explained on a !partial identity' basis. . . o 5
Tl — ' ~
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- SUMMARY

‘The‘rubélla;vifus haemagglutination-inhibition tpst'is,probably
) the mosj widely-uscd method for estimating antibody in paticnésﬂ Se;a.
A ' o
ﬂ; In écneral terms, The test has advantage; which make it a good
: adjunct togthc complemcng-flxationlfest gnd it is less cumhersome, and
a0 ) . L
-produccs fesults more rabidly than the virus-neutralization test. There
é&ﬁ -are, hbwcﬂér, inherent di;adﬁantagcs to the test as unﬁlicd té rubella-
. . - . ’ ¥

virus. TFor a laboratory which lacks 'animal maintenance facilities, there.

is the préblcm;éf a eonstant supply df_frcsh crfthrocytcs of the approp- ’

[ L.//ﬂf’riatc species. | Rubella-virus antigen has peculiar stability characteri-

stics which, although masked by-the standard method of an%igcn titration,

need to be understood. The standard test requires the removal of non-,

: ‘ ) S ,
“specific inhibitors from the serum under test ahd the temperdturc-

\ . ‘ S SRR ) :
dependence of the test presents technical di fficulties and arcas of = -

possible crror in its pcrfo;@ancé. s

[}
\ d

In order to be maximally useful, the test must be as sensTtivt-as
possible whilst Teta@ning highﬁ@cst'stability. Ideally, it should estimatd
: “ . ST ' o .
the absolute, value of the binding-unit concentration, buE this is not
. : - _\

possible by an end-péint evaluation test, and tﬂ? aggregate-cvaluation

~h

’
.

s method devised by Cameron & iradish (1972) although apparently possessing

this potential@ ultimately fails to achieve it.

Finally, whHen considering the absolute values of the vari'us
dimensiong-of a virus population, the question arises as to the relation-

ships between these. This questilen hias not been .considered formallyonor

empirically investigated with sufficient rigor to arrive at a valid

- “
'

conclusion.- . ' Iy

! . o
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Problems in the supply of fresh chick crythrocytes have been
overcome.by the use of chick embryo erythrocytes from eggs-of 14 days
of development and older.

Purificd rubella-virus HA antigen appears to contain'q high
. . _ .

stability (HS) fraction and a low stability (LS) fraction. The LS

fraction decays totally in approximately 35 minutes at 4°C, and

-

' " . et '. - [ ’ "'/
although it constitutes 90% of "the initial antigenic activity, the

- s

rubellaivirus HI test is so constructed that it is the HS fraction

which is the efféctive test.aneijen. 'Rubclla-virus HA aﬁfigcn, when
- . . '\ .

adsorbéd on erythrocytﬁf, is totélly stable for two hours, and shows

a 20% decay after 5.1/2 hours, #t 4°§. At raoﬁ témperature there is

a 56% decaf aftér-Eyo hours. The ﬁdsorbcd HA dntigen does not clute,’
but the HA_cén Be sppcificaliy reﬁersed by serum'antibody. This 1is
the A reﬁcrsal_(HARi tegt and gives an'B-fo}d“higﬁer antibody tiFre

than the conventional HI test. Goat anti-human IgG can be used to

‘neutralize human IgG, but’ _the commercial goat serum tested was

effective against only 1/23rd of its own concentration of human serum.
' ' [ ' 1)
There 'is a need for hyperimmune anti-human IgG serum cffective on at

- *
[ . ; R

. least.a 1:1 basis. | )

\\\
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In addition to containing agglutinin, normal-human. serum contains " r

lysin which is active against chick ervthrocytes at room temperaturc.
. ! :

Kaolin treatment and heating at 56°C for 30 minutcs

Jare both effective

in removing the lytic activity. {luman serum non-specific inhibitors are
not effective in reversing the agglutination &n the HAR .test, but goat

[

serum contains asnon-spccific reversing factor. The reversing factor is

inactivated by kaolin treatment, but is re-activated by the presence of )
3 N . ) ' : '
,non-kaolin-treated human serum.
‘ ) L '
N A .. i . ¢
In order to maximize the sensitivity of the HI test, a mecthod of
s ~ ! . . .. !
HA antigen assay was developed using influenza-virus, PR8 strain. This

! Ll

method probabl} gives an absolute HA particle cvaluation. The ‘technique
P . : . C s
is simple in that it consists of assessing the proportion of the:initial

erythrocytes which -remain. as monomers after agglutinatioh has proceeded
) ' ) ' . ' / R " .y
to completion.. Thé formula for conversien™to binding unit concentration
was derived from a theozetical model, the Random Distribution and Inter- -

Action Model. %ﬁe conditions for the test aﬁa its sensitivity were .

. . . S . - i
evaluated, alsg the precision of -the résults obtained. The ratio of

binding-units, as evaluated bx this method, to tube HA test units qaé ) “

. . - . . ) e
shown to be 1.0&5#,106.,_The ratio of binding-units to egg-infective

-units was found. to pe compatible with a }:1 relationshiﬁtexisting betwéen‘

*them. ’ M |




il L

l;'-»-—-_-,-_- .

i sk o T g

Al

nn

SISO

ey

P S S

L]

~ = -

Various proposf%ions as to the nature of.the relationships

cxisting between physical particle, infective unit, and HA unit as
' N - Yo !
- - . . . v . .
dimensions of a virus population were examined. By argument, the )

. most acceptablg proposition appears to be that ofl'partial-identity' =

where a pOphlation‘conqiSts.of physical paréicicé, éomc.ﬁaving all ;f
the virusjdharacteristics and somo lacking in one orimorc of the
charactc}istibs other thanithSicéljidentity.- Propééitioqs inv?lv%ng, ,.
'equivalence' can only bcleliﬁinatcd Ey EM studies to,dcter;incAhow
m;ny physichi particleS'are aésociafeg with aﬁdiﬁer. Native influenza-.

.

~virus and that cluted from erythrocytes were found te have approximately

the. same egg-infectiye capacity. "This and the von Magnus effect support

. the 'partial identity' propésitiOn, but do not ‘themselves eliminate the .~

'equivalerce* propositions. ' L . s
. . - (q
c This work is seer as the basis for a very sensitive, and probably

£ ] N V - - - . ; .
absolute)VQﬁﬁntification method for specific antibody estimation.
. ! . . -~ ) .

1 4
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INTRODUCTION BN
. N « - Y
A long-standing commitment to diagnostic virology must,.necesSarily,
lcad to an interest in serology since this area contains a potemtiél, as

yet largely unrealized in practice, .for thefidentification of infecting

viral agents as soon as the patient produces circulating antibody. In

[l

addition, it.is the arpga which contains the most reliable tools for general

epidemiq{pgical ;&;vey purposes and for thC'retrospecti#e study of optbreals

of viral disease where stored sera are available for testing.

)

Serologigfl tests for use in the diagnosis of viral disease must be

both:efficient and effect{;o._ They should give re§ths that are reproduci-
bic within the limits of the test and over long Ber;ods of time; they
should be suffig}gntly understood to make it possible to standardize all
aspects of both ghe technique and the reagents; ‘they should bq capable of

giving ari“Hnswer within 48 hours under service conditions, and'thcy.should -
i [
"not require complex and expensive equipment for their applicati/n.

i . .

-

The complement-fixation test, with a history datin

) L : . L
Bordet's immune cytolysis work between 1895 and 1912, has stood the test

of time and has been used py?so many workérs in so many different fields
. l " -

during the past 60 years that it meets all of the criteria outlined above.

“Ihis test is a sound foundation for any scrological laboratory. o i
No single test, however, can be expected tb'supply‘all the fequired

information in all.cases of viral infection of patients.
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W The complement-fixation test has the advantage of broad-spectrum
reaction, as with t@e adenoviruses and the influenza viruses, but this very

aspectﬂﬁso useful in tHe didgnosis of disease in the-individual patient,

N : . . : - .~ / 3
L. , s . g .

detracts Seriously from the u$cfulness of the test for epidemiological

- :

investigations. The test' also entails disadvantages in the arcas of cost
. .7 -

and availability of antigens, dnd the preparation of antigens free from

v -,

. anti-complementary activity is-frequently a problem. These disadvantages
are, I think, the common cxperience of all who use.the test on a regular -~ ¢

basis for multiple serum-antibody titre determinations.

- e

A ' .
Lastly, therc are currently no reliable and effective aritigens

. . » .

[;'aVai}able'to make the. complement-fixatian test -a useful tool for the assay

'

of enteYovirus serum-antibody.

. fredﬁEntly.infcct a very limited fange of host cells. Where the cells can

[HA . -}
Two tests have been developed to a sufficient extent. to be useful
. , . :
routine diagnostic tools in.serology, and the results of which.complement

those obtained by the use'of the complement-fixation pgst: These are the

virus-neutralization test and the haemagglutination-inhikitian test.

'
°

The advantage of the virus—neut;aiization test is that it is potent- ,
ially}applié%ble‘to all viruses. It is based upon the principle of spcci?“
fically &g&t;alizing the capacity of a virus to infect sensitive host cells
by means of antibody present in test sera. Inhcrent in this principle,

[y

however, are the two méin disadvantages of thengSt‘ The first'isuthe host

¢

cells; some agents, for example, many of the Coxsackie A viruses, will
S . ,

- ]

‘ ) —




- :M‘-;ﬁﬁfjl

PR NB G L

B e

L N arl S e

. : A\ o
be used only in the environment\of the- whole animal,‘fhcre are entdiled

the problems of animal supply aqa husbandry for the Iaboratory. . The -
second is infectivity; the presence of a viips in a host is usually’
inferred by the generation of pathology, identifiable as specific by

definabl® -characteristics. It is in the nature of pathogenesis, whether .
Ny . . b P : - .
in the whole animal or in a cell culture, that it develops over time and

rarely is the period shorter than three'or four days.
; N iy :

‘
4 '

-+ Perhaps the most uscful application of the neutfalization test is

to enterovirus antibody estimation since there is no good substitute in

_.this arca. The impression gained from the results of routinc enterovirus -

fy

dntibody estimations in the laboratory is that this group is, perhaps,

the most commonly'enéountered caﬁse of virus di;eaéb in the human popula-
N .
tion. Dcspite efforts tb’devclop the:one—siep neutralization technique
of Fureszand his associates [1969, 1972;, aﬁd apply it to the cpterovirus
groupi the probléms of serum dilution ana Ptandavrdization ‘of virus dose /
render it_stiii a cumbersome technique, even by the micg?:titration systcrijf'.‘;i
' . /o ;

The haemagglutination-inhibition (HI) test is a more attractive one '

B . 4
‘as an adjunct to the complemefit-fixation test. It hass the advantage of

. speed in.producing results, of high specificity within virus groups, for
example, with Tnfluenza ,and adenoviruses, and it has been demonstrated- to

be useful for work with a wide variety -of.viruses simce.the first report

-
i

of the haemagglutinatiéh tffect with influenza virus by Hirst & Picke;s s

. ,r—«l‘

(1942) .

.‘ f" f.‘é o ':' * } - -
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is sufficiently sensitive and precise to give a tyue representation of ok

&

tion for the second,: namely, .

-/ i .

The introduction of the Rubella HI test by Stewart et al. (19G9)

revealed a desirable tool qu the estimatioh of rubélla.antibbdy in the
sera of pregnant, or potentially pregnant, women. It is now a standard

précedure in all laboratories having .responsibilities to obstetric and ///' /ff
- / : ”
I

pacdiatric areas of médicine. However, the responsibility resting on a
laboratory which is chlled uﬁon to supply definitive information on‘thc
immﬁne status of qewly pregnanf wdmen who have xecbnfly bech in contact
ﬁjth possible rubella casgcs is.great. The need here is fqr\ﬁ test which \

~ . .
the immunc status of a patient who may have been infected many years prior

to a current incident.

P S . . N N .
“The work Hqif?lycd here had two practical objecctives:
1. To increase the sensitivity of the rubella-virus HI test, yet retain
the stability necessary to give reproducible results in test-retest situa-

tions, and : .
2. To increase the precision of the antigen titration procedury in order .
to lay the foundation for a test characterized by both high prcciﬁion and
N * - l“‘l L4
high sensitivity.
. .,

" The first objective was pursued by addressing the rubella-virus I

test itself; a fhird objective was ostablished in order to lay the founda- .

N

3. To construct and validate a theorctical model of the haemagglutination.

o ! ! . A .
process in order to clucidate the dynamics involved. -
. . ‘f , " - X

: ' “
The model was a statistical one based on the principle of random

- -

“Tdisgributiqn and the validation was carried out using influenza-virus, PR8

strain, as\the test agent.

\
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| ; E
The hacmagglutlnatlon 1nh1blt10n (II) test 3</probab1y the most
widely uscd test today for -the assay of ubella VLT%S c1rcu1at1ng antibody,
yet ¥t was onlylscven years/ggO'that Stewart and his co—workers (Stcwart
et al. 19§7) T%Eg{ﬁﬂd’%he success ful dgmonstrﬁtiOn of rubella-virus
haemagglugi?afion (HA), and the-detglopment of .the HI test for aniibﬁdy 7 T
assay. Woriipdblished’bthennette et al. (1967), ﬁnd by Secver ct al.

(1967),\5hOWed that the sensitivfty of the HI test is comparable with that

of the complement-fixation and thé neutralization tests.
"",“ ' \p

Rubella-virus haemagglutinin is a part of the virus particle

(Schmidt:et al. 1968; Furukawa et al. 1967); infectivity, complement-fixing

‘.i
.\_

antlgen and haemagglutlnln separate as v1rtua11y a single peak upon
fractlonatlon by both Sephadex G200 chromatography and sucrosc dcn51ty-

gradierit centrlfugatlon.

Py
2

The HA reaction is pH dependent. Both HA and HI titres arc two to
eiéﬁi—éold highér at pH.6.5 than- at pH 6.8-(Sever et al. 1967]. HA
activity is maximal between pH 6.0 and.pé;g.S, ang this is independent of ’
the type of buffer used (Lieberhaber, 1970).27This means that the optimum
pH for the test is the least advantageous for virus stability sined this f,
j. optimum is pﬁ 9?6.[Holmes & Wa;burtgn, 1965).

The rbles of calcium ions, gelatin, and albumin in achieving a
ﬁstable test.situation were deflned by Lieberhaber (1970), "A 0.14M NaCl
solution buffercd with N-2- hydroxyethylplper321ne N'- 2'—cthancsulfon1c ac1d

(HEPES) at pll 6 ‘05 to 6. 15, contalnlng 0. 001M CaClz, 1.0% bov1ne albumln
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and 0 00025“ gelath was shown to provide conditions for a maximally

~ -
.sen51t1vc, stablc and clear test. Undcr these condltlons the outcome -

of the haemagglutlnatlon test i solely a function of the: concentratlon .

~ of haemagglutinin in the test specimen". This appears to be the basis

for the commercially available diluenti=for the rubella-virus HI test.

L

It 4% not necessary to use the complete virus particle as.HA

ant%gcn. Tween-80-ether trecated material is effective (Lieberhaber, 1970),
and this material can be purified to yield an antigen which is'ﬁ.puye

polysaccharide (br. J. Polley, personallcqmmunication). The résuLts of

v

I
the work carrled out by Lieberhaber imply that the TWecn 80-cther cxtracted

. .

antlgen is relatlvely stable. When the material was diluted at 25°C to

give Glght HA units and an allqug% immediately cooled” Ln an ice-bath, it
CA
was found to be stablc for at least 12 hours at 4 C, and at lecast an hour

at room temperature.

Ll

ot

Serum normally contains non-specific inhibitors which block the
. ‘ . ‘. . . ) -
HA reaction, and therefore, mask the HMI reaction. Kaolin trcatment

was recommendcd by Stewart et al. (1967)‘for their removal, but this

method was TCJ?CtGd by Lieberhaber (1970) on the grounds of non- spec1-

to :

f1c1ty of actlon, varlatlon in results between laboratorlcs and thg
elimination of low. titre antlbodles. Lleberhaber compared wo proced-
ures 1nv01v1ng specific reactants with B- 11poprote1ns the class to

which non4specific inhibitors belong. Heparln ‘manganese chlorldc was

rejected as it requires a lower, ionic strength than ex15ts‘1n serum
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for complete reaction; and complexed chylomicrons . (lipid-amino acid
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cdmplexesif?orm a clear pellicle at the surface on centrifugation, and

tend to be re-incorporated in the supernatant fluid when this is rémoved.
Licberhdber considered the method of choice to be dextran-calclum

- v hd

rchloride. Low density serum B-lipoptoteins form irreversible complexes

with dextran sulphate and thesc arc precipitated in the presence of

calcium ions. The reaction is maximal inlthe range pH 5.5 to pHJ7.5 and

at physiolggich} ionic strength. Careful expe}iﬁcntation showed that the

A

JORESL I MIEEF S Ly U h S P

non-globulin inhibitors were reducdd to undetectable levels by this method

_ : ‘ : : . ' - ! .
without reducing the immune inrhibitors or the quantitative levels of IgM,

-

R - Igh and IgG. . . ) ol

e IZh e S

RNES

T

L

The range of speciés whose erythrocytes are agglutinated b; rubella-

virus haemagglutinin has been extended to cover a useful range. Day-old

chick and adult goose are both suitable (Stewart ¢t al. 1967; Lieberhaber, . o
FeS

o ' 1970). Stewart et al. reported that shcep erythrocytes are less T

R PRI L L N

I
19

i ) efficiently agglutinated -than those of the other two Speciés;-more recently

-

-l{ o it has been reported that trypéinized human group '0' erythrocytes can be

4 . . - .
B substituted for the avian cells (Quirin et al. 1972) and this has been

‘ confirmed by Iwakata and his colleagues (Iwakata et al. 1973).
oo S . ‘ -

A Rubella-virus has been gncluded in the Togavirus group (Melnick, -
1971j‘ This possibility was suggested by Holmes E Warburton (1967) @Po
- ; \

" \ # listed and compared the characteristics of rubella-virus and those of the
;ﬁ ‘arboviruses. Thef pointed out the striking similarity in the areas of

virion diameter (40-60 mu), core diameter (25-30 mp), budding at the cecll
DT SR : : | y

Y
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. WEE, and circumstantial evidence in the case of Japanege B virus and

»

surface, possession of RNA, sen51t1vity to ether and 1:1000 sodlum

dco%ychola?c, agglutinaiiéﬁ of erythrocytes of the same spec1es pH

optimum of 6.2'to 6.6 for-HA, stabilitf of infectivity at pﬁ é.O, and
sera contain non}spgcific HA %nhibitors'which are rpmoved by Kaolin in
both ;;scs.

e )

bl

The arbovirus literature then is a source of possible solution$

to problems associated with rubella-virus. : :

. . A T . .
P Channock § Sabin (1954} found pesitive evidence in ‘the case of

- s

[

S5t. Lou1s{S for greatly cnhanced stdblllty of virus bound to erythrocytes

as "against the low stablllty of free virus under the same condlft"ns

-Bound WEE ﬁirus was not eluted when.the cell-virus complex was trangfbffed

to conditions of pH under which HA does not occur.

A I

H
‘ Ping-Yao Cheng (1967}, WOTklng wlth Semllkl Forést vlruJ

reported that one virtus particle will form one dimer, and is ideg;ical

,)/wf%h one;fhysi&al particle and one pJadue—formiﬁg_unii. These findings

T/

are similar to t265e~ofIFurukawa et al. (1967) and Schmidt et al. (1968)
w1th rub@lla v1r;s namely, that “the physical particle was' indistingui-
shably'assoc1ated w1th 1nfect1v1ty, complement - f’ilng and HA act1v1ty
It must, of course, be realized that assotlatlon does not imply

1dent y, so that the two sets of flndlngs do not dlrgctly support each

other. . . _ . . >

P S
PR
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Also, Camoron G Bradash (1972) .found that, in a mixturc of"

A

[ L T

-

agglutlnln and orythrocytes a wide range of aggregate sizes could ﬁe\ ' -{

P T
<

NP

3 ST

dlrectly observed this casts serious doubt upon the, basic assumption L -
.‘ .1." \

made By Cheng,and by Levine £1953) whose work he was following, that

4 the population of aggregates in a mixturc of agglutinin and crythrocytcs

::"Ei . ' ’ ’ h

b | Ll " M . N .

ﬁ consists entlrely of monomers dand dimers. It is probable that”the. . v

: . . , i ‘ i ’
4 -flﬂdl‘FS of Furukawa et ‘al. (1967) and Schmidt et al. (1968) arc the

i ! . : : - . .

% only onesfwhich arc currently valid. 537'

i ' : .

2 ' N . o - ) P

d -~ Cameron & Bradish (1972) reported thé’rosults and theoretical

j% , *  interpretation of studies carried out on Semliki Forest virus. Thef - S
B SR -. S B % |

L L - . - . A

0 used a 'bond enumeration' method in which the population of aggregates -

~wa$'assayed by cbun€ing, and determiﬁing the size of, aggregates falling

i

b
K
n

i1

3
Bl

ir"a spectrophotometer cuvette past a reference line after an initial

—_— v

.~ 'equilibration time of 15 minutes ntfroomatehporature. From this was
calculated the JEEGEI toncentration of aggregates and thc averagc number
‘3 v P
of bonds per erythrocyte by the use of two pre-determined constants and '

;E a formula which is derived in thé paper They reported that, at bond/ P

it . .

E cell ratios between 0.22 jand 0.50, there is a 11near relatronshlp betweon

—%v. the bond/cell ratio and the ibgz valoc ofJﬁhe overell dilution of the.~ F - ,'ﬁ

% ‘ haemégglﬁtinin; andfthdtlextrapolation'ofithis'1ineer por;roﬁ of the B
' g" curve to the oontrol\baSEIine gives a preeise and reproducible estima-- ': o

,% tion of the limiting:dilution at which eggi;tinating activity is first ~

é ) deteetabie By uslng the pattern method they found that the optrmum p% N

i for agglut1nat10n was, 6 4, and th19 was conflrmed H§ sedlmontatlon ’

% | 7

T
AL I

it
-
.



-

e fn e e s 3 e R e ey ey LT ey T R LA T Gt T TS
PSRN ISR i : el

L g I A K

AR

o
o

AL

i

-.’1
T

i
io'Hs

A

o ¥ Ak 15 s L S
- .

S

-erythroeytes was held eonstant

Trwiren calculated from the data presented they

- 11 -

' ., ' ¢ . . "

enumeration, that the miniﬁum pH for haemagglutinin §tabi1ity was 7.6,
/ \

. n

and that adsorptlon of agglutlnln to erythrocytes in a mixture which
was held statlonary at room temperature obeyed a_ "percentage law' 1n . ’

whlch a constant percentage of tlfe 1n1t1a1 agglutlnln was adsorbed,.
;L C
regardless of the ‘initial coneentratlon when the concentration of

-

P ' . i ‘ ' - . . ‘ ) —t
. Cameron § Bradish characterized five wirus suspensions along

a : : o, ! ;
three,different*dimensions,ﬂphy51cal particle, infective units,-and

haemagglutlnatlng units and compared, the results obtalned The concen-

trations of phisical units varied from 1.0 X 1010 to 2.0 x 1013 per ml.

.o —

in the suspensions tested. The estimates of physical particles pgr

_infective unit varicd from 9.4 to.32.0,.the higher values tending to

u -
be associated with: the hlgher physrcal Partrhle eoneentratlons The

' estimate§ of phy51ea1”part1cles~per‘RBC—BBC bond varled from 2.6 to 83,

the higher'the initialtph}sical particle count"the higher the ebtained §

estimate of the ratlo w1th one exceptlon, at the 1

¢ MY

level. The

ratio of rnféetlve un1ts to haemagglutlnatlng given)’but -

to vary from_

O 86 to 8r33 wlth no elear ev1dence of any relatlbnshlp b:tween rat

. ‘
-

and phy51ea1 partlele concentratlon In* addltlon they found that -

N .- "

MONOMETS Were observed at all haemagglutlnlﬁ“eoneentratlons They .
w

found that 16% of the total erythrocytes counted at a dilutlon of 1:8

?

were monomers compared with 39% at a d1lut10n of-1:2 560 a d11ut10n

giving 75% agglutlnatlon in a ‘pattern test N K

. Q}H _ {\ 3. e ) . 2 .

s - - 1
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+ Cameron §7Bradishf5 intcrpréfétioﬁ of the above results is

-

.
-

.ras follows! ) ' S : o B : g
' - . ° " N

o c%- Tye.prcsencc of monomers at high. agglutinin concentrations is -duc,

to-saturation with agglutinin,twhich inhibits the formation of

aggregates by thesc cells.

v

o

The extent of bond-formation is a functiom of initial-bond concent-
- . ¢ -
’ fatiqn and the rate of inactivation at the reaction ttmperaturc. L
3. AS the concentratlon of phy51cal partlcles 1ncreascs therc is a_ _}
falllng cff1c1cncy of agglutination -as an 1ncre351ng number of virus
N particles are wastefuIly adsorbed and stcrically hindered in reactions

o

lat higher concentrations of agglutinin. |

4

4. Three to,ten particles arc required. initially for the‘formation of a

bond. Thls is not an cstlmate of the numbcr of particles per bonﬂi

- \but is the sum of thc numbcr of partlcleb per bond, the number waste-

o

fu]ly adsorbed to unfavourable sites-on the erythroqytcs the number

5tcr1Lally hlndercd from bond formationy the numbcr adsorbcd td the

- ',

-

i " walls of the vessel;“and the number lost dug to inactivation during

the reaction time.

S

Levine et al. (1953) compared erythrocytéjvi:us hixtures and

erythrocyte suspensions free of virus densitometrically to detcrmine the

o

proportichs of cells remaining as monomers, It was assuﬁ@d that the

cells not accountcd for as moﬁbmers had settled out as dimers, and thatL///

each dimer GCresented a 51ng1e agglutlnln partlcle Thié system was

,assumcd to glvc an. absolute evaluatlon of the agalutlnln conccntratlon

- -
-
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y?h.Fhe 5uspensionu' ﬁévinc and higﬁg;—workcrs were using influenza-
virus and”one HA particle, as assayed by their mpthod was calculated -
to be cqulvaleﬁf to 0. 41 egg- 1nfect1ng partlcles and 1.33 physical
partltles As stated abovc the observation by Cameron §& Bradish
(1972) of aggregates at least as high as 10 wouId appear to mvalldﬂe

thawfundamental hypoth851s on whlcb this work was based, the.'dimers

on & hypothe51s, S0 thgg/Ih’/ggiy wvalue which may be seriously
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considered is that ‘of 3.24 physical partlcles being equivalent to one- o T

egg~infecting unit.
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MATERIALS AND METHODS -

P o c,ﬁif"““ _ ' : 'Ks

Y - -

o

I Alsever's solution: DPrepared according to the procedure

. recommended by Kalter (1p63).

i,

Tl

Phosphate Bufféréd Saline (PBSf: This was preparéd according. to

the formula giVen by'kalter {1963}, but d@itting the calcium and magne-.
- Iad .
sium chlSﬁ?&e. - |

)
- L3
]

Dextrose-Gelatin-Veronal Buffer (DGV) .and Hcpes"Buffer (HSAG:[lepes -

(e

v

Saline-Albumin-Gelatin) : Purchagég_jrom Flow Laboratorics,. Inc., Rockville,

.

Maryland, U.S.A. ' | l : f

L, - R
Kaolin: A 25% suspension of washed kaolin in HSAG was supplied by

. L“"' -
Flow Laboratories, Inc. -i .

3

. T R
. 0 Bovine A&bumin: Obtained as a crystalline powder from “General

'Biochemica;s; it was prepared as a 10% solution-in PBS. This was stored .
at 4°C after filtration through a 0.4y membrane. Freezing rendered the J
: ‘ 8 .
solution less effective as a stabilizing agent for erythrocytes in a tube

S s ‘
haemagglutination test.
]

e Microtitre plafes for HA and HI tests: Disposable 96-well plates

N

were supplied by ICN Canada Ltd., Montreal, P;>.‘ .

Pipettcﬁiand.test—tubes: Disposable glass  pipettes and test-tubes

were used at all times. This avoided any uncertainty as to the cleanli- ’

<

‘ness of the equipment. : _ .

, Génfrifug; tubes: These were Kimble disposable 15 ml. conital .
plastic tubes. L T
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Room temperature varied between 70°F and 82°F. '

Eggs: Fertile eggs were purchased newly laid and stored at 4°C
until laid down for incubation. For development, the eggs were placed
~ F <

in an incubator at 101.5°F, -.5°F with the relativehumidity maintained

at >90% apd_constant fresh-air ventilation. Hatched chicks were, from the

_same suppfier as the eggs.

‘Chick erythrocytes: These were obtained fresh on the morning of

the day of use. For details, sée text.

Standardization of chick erythrocytes: Erythrocytes which had been

thrice-washed using DGV at room temperaturc werc made up to an approxinhte

1.0% suspcn51on in DGV. A 1:15 dilufion‘of the suspension was évaluated

:photometrlcally and the transmittance gonverted to ccll concentratlon by

o

referénce to a standard curve. The standard chick erythrocyte dose for &

microtitre weéll was one drop [G 025 ml.) of a 0.3% suspension; (4.0 x 10°

cells per well),in DGV: .= . ‘

v
-~

-

Human erythrocytes: Fresh human blood was obtalned in a heparl-

nlzed caplllary, 0 15 ml. by flnger—prlck on the.day requ1red washcd

three times 1in 15 ml. quantities of PBS and made .up to the required

L] . ' 3

‘concentration. " This was standardlzed by countlng 18 samples of 0.1 mm".

o ‘ -

v -

“, Human embryo lung cells: Derived from a human foetus of

approximately 12 weeks of development they were stored frozen at -80°C at
the 9th pass level For use, an ampoule of cells was washed once in 15 ml.
of Eagles MEM medlum containing 10% of fetal calf serum and seeded 1ntq

250 ml. bottles, 3 x 106

11v1ng cells per bottle.  Aftér four to.six days




of incubation at 37° C, the bottles weré trypsinized and the cells seceded

-

into Ml;rotest IT plates, 96 wells per plate, 2 X 104 cells per well in

- ’ e,
TPy o L

s

- 0.2 ml. The plates were sealed with adhesive covers-and incubated at 37°C. -

-

s

i " T *
? IMWhen uscable, cell sheets had developed (two days}, the cultures were . L
. ‘\ : ) - - o ’
§ washed twice with a serum-free medium, inoculated with 0.025 ml. “of virus
K ; :
g ¢
. suspen51on and 0. 2 ml. of serum-free medium was added to cach well. The
N
S

cultures were incubated at 36 C until haemadsorptlon tests were carriéd out

-oﬁ*the wells.

g 2T e T

b3 * “
ks . . . Q

Rubella haemagglutinating antigen: This was kindly supplied-by

br. J. Polley, Bureaqfof Virus Diseases, Ottawa. It was a purifiéd prepa-

tation freeze-dried in 0.5 ml. quantities in glass ahpoules and sealed 1in

ERE S R

R
Pty T

vacuo and stored at 4°C.

o
i

ZORe

PR

1)

Rubella HA antigen titration: All'cq&ipment.materials, and oﬁera-

Ll v

tions were at 4° C. Serial two- fﬁld dllutlons of re- constltuted antlgen

Pt SRS NEL SRR

were prepafed in 0.5 ml. quaﬁtities in tubes using HSAG as-the‘diluont.

o
af

Each dilution was dropped out in a plate using standard droppers, 0.025 ml.

per well, to glve six repllcates of the dilution series. To ecach well was

AR TSR R

" added 1 drop of HSAG and the plate was -allowed to stand for two hours

(see text);‘one drop of 0.3% chick erythroc}te susponsion.wa% added to cach

PR
I LR
Pt -l

e SRS IR

well and the contents. mixed by shaking the platc ‘The titrat?ggf were read b

after standlng for four to 18 hours at 4°C. ~The end-point was taken as

Fix

that well showing "'S50%'"" agglutination.

i

fé ‘ Rubella HI test: All.sera were treated with kaolin and chick ery-

em—

'throcytes“according to the instruétidns given by Flow Laboratories (1973). e

. 4
A known positive and a known negatlve SEerum Were trcated with,each group

g of sera to be tested. All materlafg, equlpment and operations were at 4°C.

A
ol
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Two-fold serumvdilutioné Were preparcd, in micro-titre plateSy~from 1:10

'

v

-

{ﬁ to 1:320. in duplicaFe. To one s%t of dilutions was added fﬁberla-vﬁfus HA
: é‘ ' an?igen in HSAG, six units of ant}gén,'one drop per well, and to the other,
- :g one drop of£HSAGj A back titration of the antigén aﬁd a cell control were
5 included in cach test. After stjpd{ng for ‘two hpurs, one drop of 0.3%
- '%j * Chickneryihrocytes was added tdigach well and,the contents mixed by shaking
%‘l the plate. The resulté were read after standing for 4-18 hours: There
¥ ‘
i : should be no agglutination in the.sérum-HSAG wells, the cell controls-should
Eé' shéw'a clean 'buttqn',_and‘the bigyftifration should s%ow >4, but less than «
%% eight units of antigen to be present in the test. The positive wells should
o | : :

S
e

_.  show~smooth, even plaques of agglutinated cells.  The serum titre is taken

sy

to be that dilution showing less than '50%' agglutination.

< - .

- : W\
‘ E - Goat anti-human IgG scrum: Supplied by iyland Co. Inc.,, Lot #

Complement :. Supplied|by Microbiplogical Associates, Inc., Bethesda,

&

A mess g e e

8201R002A1, antibody pbtchcy 3.36 mg. per ml.
. . g j._- »

AR PIE L SIS S PILIRE LRSS S

-

Md., as a 2.0 ml. ﬁoldﬁelof fresh guinea pig serum, free of antibody,

N e L

i A N e 5 T A L e e £ FAT

freeze-dried in a rubb%;-capped vial and sto:;ﬁ.at 4°c. S

i

Influenza-virus infected allantoic fluid: Eggs at the 10th or 1Ith

T e

day of devclopmént were inoculated intra-allantoically with 0.1 ml. of a

g 10-6_gi1ution of seed virus, corresponding to 10-50 egg infecting units of
" Y . . )

P

virus.\\The eggs ébre’iﬁ;ﬁbated at 37°C for 40-49 hours and 1.0 ml. of

. allantoic fluid harvested from a warm egg, avoiding contaminaticn with
- blood, for use in the test situation. L
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Statistical computations:. Standard‘error of -the mean and t-Test

computations were carried out using a programmed SCM Cogito 1016 PR

desk computer. For other statistics, the formulae given By llardyck and -

> -
v

Petrinovich were used.

Other procedures are given in the appropriate places in the text.’
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EXPERIMENTAL
¢

-

The experimental work is . described in four parts:

4

"Empirical ghservations on some of ti€ properties of rubella-virus

haemagglutinin with work designed to develop an HI test capable of
giving the most sensitive possible, yet rcprodﬁcible, estimate of

the 'immune status of a patient with respect to this virus.

nstruction of ‘a random distribution an interaction moe 0
Th/,oo truct f dom dist bt d int t del of

-

the HA process to serve as a frame of reference by whlch to 1nter-

pret the results bf aggroegate eyaluatlon.

Experimental work carried out w1th the object of 51multaneously

validating the theoretlcal mode} and developing a test by whlch an

Kl

absolute quantlflcatlon of haemagglutlnln may be made.

An evaluation of the relationship between haemagglutinin binding-

s

Units, calculated by monomer-count, and infective units, tube HA
units, and haemagglutinin bindingéunits calculated by direct cvalua-
tion of the aggregate population in a reaction mixture.

Y . '
\

A
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//,/’ . EXPERIMENTAL - PART 1A

e

. A

Rubella-virus Haemagglutination and Héemagglutination—inhibition

.
;
i
:
i
23
;
1
i
:“
- 1
o
21
il
H

~

PREA

‘Erythfocytes v

"
SRR Akl

wr fan

* ¢ . - . ) ) ’ .
The ideal condition, 6f erythrocytes to be used in a serological

=t
s

—t

test is that they shobuld be fresh at the time of use and should have

,
? been washed free of host material, using the fluid in which theLcclls’arc
¢ - , . : -
% to be suspended for use in the”test. If this condition is met, then many
" . } :
ﬂ of the variables-which can “confound the test results, such ‘as variation
é o “in the age of the erythrocytes, storage.in less-than-ideal suspending’
3 v : . . . ,
g fluids, and effects of temﬁcraturc during storage or traﬁspurtation'will
} e eliminated., ' '
g Thgnfechniqucs for carrying out the rubella-virus HI test in current,
i\ ’ . . )
Et .use/call for using erythrocytes from day-old chitks, from geese, or é;om
g .‘_‘ . ‘pigeons. All of the speciés of-erytqﬁoc;tes.ﬁcntioned entail problems of
? supplyn Few lagorafories maintain'congtantly availqplc.SPécimens of any
| % of the awvian species requiréd, and human group '0O' blood must usually be
i . ' ~
.%% obtained as out—datcd-btood from the lo?al blood-bank féncc group 'O’
ég staff-n@mbers scem reluctant to be bled on a rcgu;a{ basis. o .
i3 o ' | -
& ” ‘

Most virus 1ébqratories cafry'fertile.eggs at’varying stages of
development and the rational answer would appear to be tonallow unused cggs

to hatch to provide day-old chicks to be«heaft—ﬁuncturcd. This solutiPn,

however, appears to involve marked emotional reactions on the part of

. .
many staff-members, whereas causing haemorrhage in fertile eggs invokes

R

o - ' : ' | ' N
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no %uch response. Fertile eggs, thercfore, were investigated as a
| . ‘ - . )
\ »

source of suitable qrythrdtytcs_%br use in rubella-virus HA and HI

tests. & o e -

Fertile eggs, of ages from 13 days of incubation thﬁgugh to the

-

v -

point of hatching, werc tested as sources if chick-embryo erythrocytes.

_The shells over the air sacs of eggs fresh ‘from thé incubator werc

chipped away and the chorioallantoic membranc tornfib'cause bleeding

into -the allantoic fluid. If the allantoic vein was easily available,

. ‘ : ). .
this was torn too. The egg contents were stirred gently at intervals

-

in order to mix the blood and allantoic fluid, and so avoid formation of
a blood clot. When embryc activity had‘{g}len to a ﬁcgligible level,
the allanﬁoic fluid was jarvested and the*efyfhrocytcs scdimented by

contrifugatﬁon. They were washed three times in DGV and standardized
; ' . « .

for use in the fest, With‘eggs of 16 days and older, debris derived

from.the allantoic fluid és'usually present. » This deposits as'a

£

discrete layer undquying the packed erythrocytes and may be either

rcmoved by plpette or leff'undisturbed if the erythrocytes are resus-

M

pended vcry gently and removed. for the flrst washlng -

~

Hatched chicks, of ages varylng from newly hatched through the
seventh. day post- -hatching, were bled by heart-puncture and thc bloo?
mixed with twice its volume of Alseyer s sqlutlon. " The crythrocytﬁs B, .
were separatéd by éentrifugation, washed three times in DGV, and - ¢

standardized for the test. ’ . .
.

-
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. erythrocytes.

,

. K . .
\  All of the above erythrocytes were tested in parallel for

v

sensitivity for demonstratihg rubella-virus HA antigen in a two-fold

dilution test.

[ h
o The results showed that the ratio of the ‘lowest antigen titre

obtained to the highest'one was <2. . Since a ratio of »2 is normally

. 1
required in order that the result may be considered significant, the

variation among the titres obtained was considered to be within the
limits of the error of the test and not attributable top differences
in sensitivity among the erythrocytes tested’

obtained when the - same erythrocytes were tested in a full rubella-

A similar result was

virus HI test using negative (<1:10), low titre (1:10), moderate titre- -

(1:40); and hlgh tltre (1:160) sexa, one at each lcvel The ratio of

‘\
the lowest titre to “the hlghcst tltrc at cach level was <2.

—
- !

. N
. »One 17 day-old cgg yields appfoxi;}tely 0.35 ml. of packed
This is sufficient.to absorb scven sera or to carry out

v

L ' . .
250 HI tests when using the microtitre system. :

In conclusﬁon, erythrocytes,frOm embr;os in shell may be used
Qith confidencé for the rubella‘HA an§ HI .tests. Chick eryth}ocytes
can be obtéined fresh on the daf requfred by the test, and thd‘ideal
condltlons met’, by maklng use of out- dated cggs that have been laid

down against the cvcntuallty of work belng rccelvcd in the laboratory

which requires egg-inoculatlon procedures.
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Rubella HI antipen stability

Problems have frequently been met in the area of antigen

standardization using the highly purifiéd rubella-virus HA antigen.

7/ _ . . ;
These have usually occurred upon starting a new batch of freeze-dried

~

T T P e
s et PRI IR

B . iy
Jen SFE RN P el

material.

~411e

T

It appeared p0551b1e that the antlgen may be unstablc under the

5 .
E; cond@flon OF being held at 4°C for two hours for thc test. When the
o
i
gﬂ ~ antlgen standardization procedure was changed, and each new. batch /™
4 o ) ; -
ﬂ assdxid undetr ‘the condltlons of the test, test-to-test variatiodn was
aiE
ol .
Eﬁ reduced to a level compatable Wlth experlmental error. The level aimed
12 :
B ' _ _ \DL o
e} for was always six units of antigen and the antigen cont titration
-.;r'_[: - .
Va .
a};} 3 . 4 R ] .
f% normally showed between four anﬁ\glght units.
TS T ’ N
]
o An alternative'possibility,gﬁhat the agglutinin elutes_ off the : :
. \.; . ! . W
ﬁ cells during, or following, the settling process in the plates was :
1 ’ N . S u
i . . ~ o :
i investigated 3gs follows: . . ; - -
8. B :
i, _ 1. An HA titration was carried out making four replicates in separate
R plates. Two plates were allowed’ to settle at 4°C and two plates
g - - . -
e ~ . 3 ) N . .
E‘ allowed to' settlenat room temperature. Settling time was two hours.
i - | . . :
5 ‘ ’ B : Lo
4 " There was no detectable difference in the HA titres derived from .
i T - -
e the tests at either temperature. °
7 2. The cells in the plates prepared above were resuspended in the wells

By shaking the plates. Re-settling for two hours was allowed at the

‘ ' samge temperatures as previously.

There was no change in fhe antigen titre at either temperature.

- b
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Two conclusiong were drawn from the abqve data: . vy

[}
;fc.-

‘1. Antigen adsorbea on to erythrocytes is stable both at ﬁ°

) room teﬁperature . This result is compatible with the re5u1ts obtakned
by Channock & Sabin (1954) who reported the hacmagglutlnln of scvora'

Togaviruses to be stable when adsorbed on to crythrocytes. Work

arising from this observation is reported later.under 'HA reversal'l‘

o
"N

. - o ‘ . . ’ Ln
2. . There may be an unstable component. in the-antigcn which leads to

" anomalies whcn the results of assay of fresh antlgen are comparod

\ /
w1th thoso of assay of the same - antigen storcd for a per1od of hours

at 4°C. _
q ) ' : Support for the antigen-instability hypothdsis was obtaihed'in an

" antigen-comparison experiment. i .
) : <

L

N g

Samples of five batches of freeze-dried antigen_were received

LR

PR P )
[ODDEEIRIN AL AN

from Dr J. Polley for cross- checklng w1th his own assay results. All

-

inenar, § i A T N

o

materials, equlpment and operatlons were at 4°C.  An ampoule of each

~,

batch* of antlgen was re-constituted wlth dlstllled water, after which it
f \

was diluted i HSAG. The dilution series used was ‘a 1:10 to 1:640

;g doublihg serieg in O.S'ml. quantities. Six replicates of each drlution
f Jere made H?»transferrlng one drop (.025 ml.) to each of 51x wells in-a
% aicrotitre plate.. To each well was added one drop of 0 3% chlck erythro-
ﬁ cytes (1. 5 X 10 cells/ml.) in DGVH\ The plates were allowed to:settle

at 4°C. The dilution tubeskhere held for -four hours at‘ﬂ °C, after which

/'?'

-

A VT L L s ST A
T T A A S R R L R Y e o

and all/plates were read after standlng overnight at 4°C.

- ’ 4

. , o
R

.

time sip replicates were dropped out as prev10usly, erythrooytes added, \Tj

Frg—




-7 The results, shown in Table 1;-indicate th'lt only a two-fold

v e
varlatlon in tltre among SAQ:EEEFheS was ohbtained on initial titration.

t
1

The'repllcate results-wlthln each batch werc entirely conslstcnt so it

is.possible.thét the two-fold variatipn'is*a'reflection of true differ-
4 - - e.\ : o .
ences among the materials titrated. The end-points, sct at the single :
+ level, varied from 1:80 to, 1:160.

E

b After the dilutionsihad been hela_for four heurs at 4°C, there

Py ) of

was a‘sigﬁificant fall‘in_the titre of cach material.. As in ‘the first

WSy FE AT ey

4 set of titrations, there was total internal consistency in each group, 7
4 ‘ ‘ . ney group ;

[ - ~ LI [ad ] - . -

i% *  but the differences betweén the batches were mofe pronounced, probably ! ﬁ

'Ti . . N . . T ) i ) ) ' .-

:% E reflecting variabld stability characteristics among th%m. o ‘

|."_‘.$ 31 : , . Lo

‘ﬂ ° The test-re-test rcsults for each batch showed a.fall in antlgcn

LB ‘. o t—

i tLtrg varying from - fold to mlO fold.

4 : :

# A detalled 1nvest1gat10n of the stablllty of purified rubella—

- _

‘E virus HA antigen was'qprrled out.- All materials, equipment, and /}

i : o o ' . :

A procedures were axgafc. ‘ ;) ‘ N - .

3% . ) : 7 : : : . » 4 _

B . TR -

iy In'the first experiment, an aliquot of antigen which had qecn_

] ' v

;‘{i t . 8 R - Y \ N

bl re-constituted, distrlbuted in aliquots, and stored at -80 C'was &hawed 7

‘A o

i ‘ ;

ﬁ and 1mmed1ately dlluted in HSAG to glve dllUthHS from 1:15 x 1 5, to

‘ ﬁ% 1 576 65. The dilutions were dxopped out 1nto a-plate at varying -

a : i
;55} Tn 1ntervals qf time and one drop of 30 chch cel¥Ps in DCV‘waa immediately

\
added to each. The-times werq; 1 5 minutes after thaw1ng, 15 mlnutcs

B . . Pre
"

after thawing, and every-ls miﬁutes thcreafter up to 120 minutes after

&
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Stability of Durlfled rubella- VlrUS HA antlgcn

~ o

The, results of dupllcute tltratlons of five different

batches of purlf;ed rubella-v%rus HA antigen immediately

after bc1ng Tc-constituted. and after being held for four

hours at 4° C after belng re- constltuted

&
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TABLE 1

>

Ao. of - Titre immediately . Titre after being held
Batch* replicates after reconstitution for four hours at 4°C ~ B
alt . . 3 .
i 3-72 . 6 o 1:160. “1:40 -75

1 - [
B

i 10-72(a) 6 © - 1:160 1:15 =91

i 11-72 6 180 | 1:20 -
13-72 6 . - 1:160 - 1:20 o -8
: 10-72(b) 6 1:80 ©o1a3 L -84

/
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.thawing.  The .dilution showing a'single + réaction was taf¥n as the end

point, and the reciprocal of this was used as the activity level. At

] - . & < -
the 75 minutes leyel, the single + rcaction was.between two of the
. . . !

. . - - ’ Tk . '
-dilutions used so the meap of the reciprocals of those ‘two dilutions was

used. _ : ‘ "téJ{

~

R

Table 2 shows the activity level of the antigen and th& proportion
of the activity at 1.5 minutes remaining after each time interval.
~ ) A

Figure 1 shows the activity levels on thcﬁgrdinate and time after thawing
a .

on the abcissa. It appears that there was a rapid decay of activity

- o~
. -

during the first 90-minutes of the experiment. Since zero tife in this
experiment is the time after the original re-constituting, distributing
and thawing, a second experiment was carried out to test the dynamics of

the degradation of newly constituted material.

t
A '

| For the;second‘éxperiment, two ampoules; totalling'i.o ml.- of
rubella-virus HA antigen, were rgfconstituted'ﬁath disfilled water and
poeled. This material was immediately distributeé, oné drop (.025 ml.),
into éach of a-sexies of prepared volumes of HSAG.aﬁd one dreop into each
of a series of prepared volumeg of .15% chick efythrocytes iA 50:50 |
ﬁSAG:QFV. Tﬁé.reéﬁlting dilutians in the HSAG weré 1:2295 x 1.5, to
1:865: The dilufigﬁfin the.tubes containing erythrocytes were equivalent
to the dilufions in HSAG in the above series, with an equal.volume of .35%
chick eryth;ocytes in DGV addgd.. An aliquot‘df each was trapsfgrred to

room temperature. The MSAG dilutions were dropped out after, various time

intervals and one drop of .3% chick erythrocytes in DGV added.

-”
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Table 2: Stability experiment #1 . N
’ The activity level of frozen re-constituted °
purifie;l?nubella-virus -HA antigen held at 4°C
for varying times after being thawed.
e
T
J Y
v/ . /-‘.
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TABLE 2

-

Minutes after

_being thawed

‘x

Activity
level

Activity level as a
proportion of the 1.5
minutes activity Jevel

1.5 126 1.00
. “F‘-‘
15 114 . 0.90
© 30 76 0.60
45 % 51 . ©0.40
60 34 0.27
75 28 0.22_ -
90 23 0.18
105 23 0.18
| ) |
120 15 0.12
‘ .
L8
3
\ b
il
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Figure I:

- LEGEND :

i

Rubclla-virus HA stability. The activity level of

purified HA antigen after varying holding times at

1

4°C.  The material had. been rc-constituted and frozen

at -70°C, Hhe point in time imme lately after thawing

.« f.

constitutes zero minutes in this e eriment. A

[}

Ordinate: Tie reciprocal of thgrQA titre.
Abcissa : " Time in minutes at 4°C after fhawing the’

frozen material.
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The recip;obal of the HA titre

- 32 -.

- FIGURE 1

T S T T T = T T
15 .30 45 60 75. 90 105 120 -
Time in'minutes at #°C after thawing the frozen material
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-The sensitized. chick erythrocytes were dropped out, two drops

(.05 ml.), per well, after varying time intervals at the two holding

o o ) . \ ,
temperatures.. In addrtion, "at one hour and 24 hours, the sensitized

erythrocytes stored at 4°C were dropped out into plates containing
dilutions of a kaqlin treated positive rubella serum with a titre in
the stangard test of 1:40. Two drops of sensitized cell suspension
‘weré added to cach serum well: All platés were read after scttling

overnight. Activity levels were recorded as in the previous cxneriment.
: - AN

A number of things arec apparent from the results of this

/)

experiment (Table 3 § Figure 2): _ _ - N

1. The instability of rubella haemagglutinin at 4°C is confirmed.

2. The degree of decay is far greater hen the starting value is nearcr

» the true value than was apparent when the antigen had been rc-constit-

[y

uted, frozen.and thawed, and presumably already partially degraded.

(93]

Adsorption on!to crythrocytes is very rapid (note the high activity

level indicated in Table 4), 'and in this form the antigch is very

stable at 4°C and relatively stable at room temperature. This confirms

-

the finding reported above, These ‘results are shown in Table 4 and

"illustrated in Figure 2.

4. The degraded antigen is not tot&liy décayed, but in some way rendered
"incomplete', as indicated by the long 'tails' of partidl HA after all

time periods (see Table 5). This 'incomplete' antigen is degraded to.

approximately 0.25 of its total initial activity after two hours at 4°C.
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e Sfability experiment #2,
' I

The activity level of freshly re-constituted
purified rubella=vijus fK/antigen;heid,at 4°C

for varying times
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TABLE 5 ' ' -
€ . . 1
v g Activit;r as a
L ) . . _ proporté‘ion of Log
% Minutes ‘after ‘ Activity . - activity at . activity
- being re-constituted /' level . - time zero _ level
- - £ 1.00 2.76193
2 © 7 ag0 0.83 ‘FT\ | 2.68124
} X "y ~Ga
\ L £ 2 U T 0.30 o 2.23300
- t ) ‘." . ] ' 7 *
AU & S - 114 .- 0.20 2.05690
.15 S 0.13 ' © 1.88081
P 25 . 34 . - 0.06 1.53184 -~
38 Co B VAR 0..06 ' 1.55184
48 i 28 005 1.44716
2 : . .", . y . - .
60 . . 28 ¢ . 0.05 1.44716
. 80 23 T 0.04 1.36173
. ) ] . . . . /.' .
| 100 . - 23 0.04, 1.36173
120 | - T | 0.04 . 1.36173
' !
\
\ ‘ ¢
o ( : \
.“\ )
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Figurc 2: "Rubella-virus HA stahility. The activity level of free
purified HA antigen after varying holding times at 4°C
4 - o .
i ’ compared with the activity level of antigen adsorbed to

ie-

crythrocytes dfﬁer varying holding £imes at 4°C and room

g
. AU
L
‘ : Ordinate:
: ~.%
) : Abcissa
< \_...i.‘\i
<
w
- .

i
teﬁpcraturc. The point in time at which the antigen was

H

L _ re-constituted is.zero-houyrs.

» ?
Yo

fl

free “antigen at 4°C

n

adsorbed antigen at room tcmperaturer

adsorbed antigen at 4°C

(]

The reciprocal of .the HA titre.

Time in hours after re-constituting the

antigen. ' ) Tor
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‘Table 4:,

LEGEND

Stability of freshly re-constituted purified rubella-

virus HA antigen. The antigip was adsorbed on washed

chick-embryo erythfpcytes qnd.ééability was indigatedq

by the ability of the antigen-efythrocyte.mixtu;e; to

form pésftivg patterns in wells at vaf;ing‘times after

adsorption.' &ﬁc‘mixfures were made at Afg and hcli%it
.o . Y )

4°c and 25°c. ‘kﬁ o . S~ S

1

[



“TABLE 4
Activity level
" 4°C - 25°C
. T . . - X
. Hgurs affér re-constitu- Units as a , Units as a '
ting the antigen and proportion of proportion of
making the antigen- Aggl. time zero Aggl.  time zero
RBC mixtures units activity wUnits  activity
0 . 577 - 1.00 578 ©1.00
1/6th 577 1.00 © . ® AT NT-
1. 577 1.00 . 320! ojfss-
I " |
2 ! 577 - 1.00 256 0,44 .
5 1/2 480 0.83 214 0.37 -
12 | 320 0.56 NT NT
22 1/2 - 214 0.37 . 114 . Q.20
“ _"l
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Table 5: . 'Incomplete' antigen remaining after decay of freshly

re-constituted. antipgen at 4°C.

.

++ = Complete agglufination
+ = 50% of no -(approximately) ) o
I-oasgm " " -
Y A
T L A
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Time in minutes
after being

. Re;iproéal of the antigen dilution

o re-constituted

A ) '22.5 33.8 50.6 75.9 113.9 170.9 256.3 384.4 576.7 865.0
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The agglutlnatlon of the erythrocytes can be reversed u51ng spec1f1c

* ‘antiserum. This result confﬁrms previou$ experience with influenzaf

| T .
virus, (unpublished data), that haemadsgrption can be specifically

reversed with immune globulin. It can be secen f;oq Table 6 that the
test gives-an antibody titre at least as high as that obtained by
using the HI test. Furthermore, although the éptiﬁum antigen concent -
_ ration isklus to 3 units; gross excesé of antigen does not appear‘to
1nva11date an 1nterpretat10n of the antibody tit?e to w1th1n a two-,

fold dllutlon of that obtained u51ng the optlmum antigen level. . This

method of antlbody estlmatlon will be-exahined in more detail later.

Figure'S shows the-loglo'values of the activity levels of free
antigen, during degradation with.time, at 4°C. It appears that the
degrddation was exponential from 48 to 120 minutes; however, there

was a very rapid degradation taking place during the first 48 minutes.
. 4 . . -

"

Aﬁalysis of thehétability,data.'}Ip was hypothesized that this data

could be éﬁtisfied by postulating the existence of two types of antigen.

-1) A hlgh stablllty (HS) dntigén represented by the exponential curve

e -

from 48 to 120 minutes. e ) ' N

2) A low stabiiity (LS).antigen which has entirely degraded after 48
pinutes at 4°C. .

\

"

N
If thls hypothe51s is supported tben the 0-48 mlnutes section of

-

the curve comprlses the’ comb;ned degradatlon curves of both the LS and
; : S

HS antigens. s

O
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Table 6:
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LEGEND

“ -

Immune reversal of agélutination

Rybella-virus HA/chick embryo erythrocyte system
was added to kaolin-RBC'éreaged rubella—immuné
human“serum. All processes and reactions were

at 4°C.

Degrees of scoring as in Table 5. , g

~~

— e ——

b
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TABLE 6 ' L R
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— —“'\__;"_"—s-=‘___1
. Reciprocal of serum dilutions N
Reciprocal of -
antigen _ Antigen " : s No,
dilutions ~ units 10 20 40 80 160 ~ 320 640 1280 2560 scrum
865 e T .- S S ¢
[N ) ) .
577 - . 6.7 . - - - - - - tr v otr tr tr .
’ 2 ’ i . . . ' /.; .
384 1.0. 7 - - - - M- + % T 2 2
5—; . 1.5 - - - - + - f; 4 . +4 R .
. . L) " " T C‘f . "
171 2,3 - - - tr +- ++ 4 + 4 ++ +¥

- ' +
76 5.1 tr tr tr $- 4 4 i ++ +4 ++
51 L7706 + + + 4+ Sk - s o+ +4
34 11.4 + -+ + " 4+ ++ I g 4+ Far 4
: . E . . 5
23 - 17.1 + + e ++ T4 o+
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;hubclla—virus HA stability The log 1o values of

the aLthlty level of erC\purlflcd antlgcn after

varyipg holdlng ‘times at 4° C

Ordinate:

Abcissa

~ -
“

- l . . " )
Log10 valuc of the reciprocal of the HA

‘titre, ! T B -
. ,{ v . e
Time 1n m11utcs at 4°c,
b AY
N | B
I )
N
~N i
\“\5‘ ‘
\ A
| {;v"?-‘ﬁu\
i ; s \
a | A .
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f ~ FIGURE 3
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The situatdion was-analyzed mathematically as follows: ) -
¢ ’ A\ . - v ] e

The best-fit line was calculated for the 48-120 finute logio values.
Y' values were calculated for the/times 0-48 minutes.

The antilogs of the calculated Y' values (representing the 118 activity

comﬂonents) were subtracted from the raw score values for the 0-48

.
»

minutes ﬁeriod. The remainders represent the LS components of the raw

;o
i

score data. The loglo values of-the LS'pqmenént were plotted with the
best-fit line along with those for the HS component. The result of this

analysis is shown in Figure 4.

. . - !
/l . . 3 i
Since the data can be analyzed into two components, each degrading

bepnbntially, the hypothesis would appear to be supportedl

.

Expericnce suggests that the proporfions of the total activity '
rcprescﬁtcd.by the LS and HS components is variable. Thls can lcad to -
problems in carrying out the conventional tcst which have been overcome,

as stated previously, by titrating the antigcns under the conditions of
— .

the test, when the LS componenf Jégfqdes'bcyond detection and only: the HS

'
Il

CSmponent is used'iﬁ the'pcgt. It wd@i&:ﬁg:hetter\to stabilize the aﬁtigch;
and use it.in complete fo:m,—thah aécommodéﬁé”the test to a mixture of
stable and'degraded antigen. This is particularly so where the degraded’
antigcn‘is Fikely to constitute thc'ﬁajbf portion-of the antigenic material
used in the test and may possgibly interfere }n the test :céction:‘ Adsorh -
ing the antigeﬂ.on cryfhrdéiils appears to offer arsthgilizing system
applicable té'rubeila—virus HA antigen. The feasibility 6f usiﬁgf“

f
adsorbed anthen for rubélla antlbody assay was, thcrefore 1n4cst1gatcd
as a factor in thc hacmagglutination- reversal test reporicd in the next

" section.

i~
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. Figure 4: Rubella-virus HA stability. DPlot of the two exponential

curves which, hen summated, satisfy the empirical data
§ £ , ) ‘ ! .
for the decay of purifiecd antigen at 4°C.

A

> = Best fit linc calculated for the point

48 minutes to 120 minutes {a = 1.50851
e b = 0.00138) and gxtended to the Y

intercept. This is termed the IHigh

"{‘ . Stability (HS) component. £
[ . . o . .
) ) £§IEC best fit line for the difference - |
. o : 7 between the points‘cﬁrresponding to the
| | B HS component and thé Taw SCOTCS |
: e (a = g.Jsadé, b = 0.08042), This 1;1
" 'termcd tﬁe Low Stabiiity {LS) %?mpd;cnt
- _ " , o,
0 .¢ = The raw score datum'poiqts.
“ e .
" Ordinate: Log,, value of HA activity
) ‘Abcissa : Timq:in minutes _
. W, - -



Log,, value of HA a'ct?lvity
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sl " EXPi.RIMENTAL - PART 1B . I
" - ,\;‘)\ . . .f
Some Aspects of the use of a Hacmagglutination Reversal (HIAR) Test oo

’

It was shown in Part 1A (Table 6), that rubella-virus hdeﬁagglut-

.ination is revefscd by antibody and that the optimum sensitizing dose-

range of antigen is 175 to 3¢9 units. 4
! —t “
Experiments were carried out to determine:
. ~ \

1. The conditions under which the natural chick-cell lysins, .found to

be present-in human serum, function and the method of their rcmbvﬁl. -‘!

e

-

.+ The effect of non-specifit inhibitors on the 4£§RQ&M :

[§%]

|93

The effect of temperature on the test.

4. The possibility of using goat anti-human igG'in the test to cxpose

rcacting IgM antibody. .

' crythrocytes.

Chick erythrocyte lysins in human sera

It appears that human sera contain lysins active against chick
. . < .

ar
-

An experiment was carried out to compare the effects of different.

treatments and their interactigns - on human' lysins for normal chick
‘ \

= N ) .
erythrocytes, the effect of t1m§ on the lytic process, and whether thq

Iytic action is complement dependent,

.\;,_/
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b

_5.1_

' Hum;n serum was from ﬁ doﬁor (JP} whosc serum was known to‘bd‘
negative in thc routine HI test at‘1:10 dilutjon, but who had a high
level of chick cryth;ocyte lysins. Coﬁplcment was an un£reatcd‘1:20
&ilutipn of rc-constitﬁtcd iyopﬁilizcd guinea pig sorum (approximatecly

- ™
three units of complement). : -

“ ¥ ,

Chick erythrocyte adsorption was carried out by adding to the
serum 1/20th. volume of 50% thick embryo erythrocytes, aIIOﬁipg td react
at 4°C for one hour, then removing the erythroéytcs by centrifugation.

Inactivation was by placing 0.5 ml. of serum in a 12 x 75 mm tube in a.

waterbath at 56°C for 30 minutes. For kaolin treatment, 1 ml. of 25%

suspension of kaolin in HSAG was added to 0.2 ml. of serum and 0.8 ml.

of HSAG, The mixture was left at room temperature for 30 minutes, with

intermittent shaking, then centrifuged in the cold to remove the kaolin.

All sera wore adjusted to give a dilution.of 1:10 to be the first tube

in a doubling dilution series from 1:10 to 1:160. Serum dilutions were

made in a microtitre plate. To each well were added two drops- of 0.2%

normal chick embryo erythrocytes in DGV at room temperature.

3
L

The results shown in Table 7 indicate that the normal lysins arec

e

5low acting_ét Toom temperature, the titre rising from 1:20 at the one

]

hour reading to 1:160 after standing overnight. . .

Treatment with erythrocytes removed all of the agglutinins,.but

€O .. . N .
was less effective in removing the lysins. Inactivation at 56°C

-

desfroycd—all of the lytic activity of the serum; kaolin was also

j

A

s
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Table 7:
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-

Removal of chick—erythrocyte lysins and agglutinins

from human serunm by warious treatments.

Rubella- virus HA anitigen was not present in this test.
Guinea- -pig complement was added to show (! independence
of the Uytic process, Kllsprocesses and equipment'wero

at_room temperature.

L= Lysis,” A = Agglutination,

e
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Reciprocal of serum dilutions

-
Scrum treatment 10 20 40 80 160 - 10 20 %0 80 160 10 20 40 80160
" No trecatment . L LAAA > L L LLK A L L L A-A
' Trace .

Erythrocyte absorbed - - - - - L - - - = L L L - -

‘56°C x* 30 minutes 0 Cod : S

Kaolin

Inactivated } GP C' | .PNQ reaction ?/- SP reaction No rcactian’ ;

C' only ' -

No scrum .

r .
1 hour = 2 hours - .20 hours

Time from Setting.up to rcading the test

u -:.‘J 4 . - . i . ' , - 3 S
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effective for this purpose. Addition of guinea pig complement did not
reactivate the heat inactivated lysins so it is concluded that the
t

effectiveness of heating is not due to complement inactivation and that

the lysins_do not function in a complemént mediated reaction.
- J

Lysis of erythrocytes has not been obscrved at 4°C, \'

positive and a negative serum were caCh“QEEEESd by two methods.

i g ok e

Non-specific inhibitors and temperaturc in HA reversal

In order to dctermine whether the nen-specific inhibitors in

rhuman_sé;um, for the HI test, are active in the IAR test, a rubella

-

End
Ll
P
(

1. Kaolin and erythréﬁytcs. ' »
2. Erythroeytes and/56°C for 30 minutes.

The resultant four sera were tested at. dilutions from 1:10 to 1:1280

‘against chick erythrocytes sensitized with 2.3_units of rubella-virus

HA antigen., The tests were in duplicate, one sct being at 4°C and the

other at room temperaturc. It yas found that there was no reversal with

-

the negative scrum with either method of serum treatment, regardless of

the temperature at which the test was carried out (see Tabgc 8). These

test ‘résults also confirm the: equal cffectiveness of kaolin and

ipactivation at 56°C in eliminating the lysins present in the serum.
The HAR test.appeared t@ be more sensitive in assaying antibody

level than the conventional test. Squitivity was most markﬁd'at TOOMm

temperature, where the antibody titrel'was 1:640, ag

B

gggainst 1:80 by the

convcntibnai HI. test method.

e
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Rubella—virus:HA—reversal test. . B

R

Determlnatlon of the effect of two serum treatments
on the sen51t1v1ty of the test carrled out at twe
temperatures using a p051t1ve and a negative scrum

sclected from sera tested by the conventional rubella—

ﬁ?
virus HI test - :
4°C = all equipment and procedures at 4°C
RT = all_equipment and procedures at Toom temperature

~

Antigen dose = 2.3 sensitizing units

Degrees of scorfng as in Table 5.

!
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TABLE 8 r .
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’ St N
o | . Reciprocal of scrum silutions
_~Scr}u‘m ) ) ' ' -
Serum treatment . Temperature 10 720 40 80 160 320 640 1280
‘ - - , —
T+ Kaoln § cells =~ 4°C - - - - - + PR
. o ' L
' ' t - . .
- R IR L N 4+, w4+ ++ ++
. . o
. +
+ RF E& - - - - - - - - b
- ’ ' ' L S T A PR R +4+ s 4
+ Ceclls & 56°C 4°C - - - - x - + ++
. FRS e FU +4 44 ++ +4
' ‘ . © . + .
+ RT,. - - - - - - - +4
- ++ +4 SR L ++ ++ ++ + 4
+ . Standard HI 4°C. - - - +oaE P k4
. v 4 . -
test . _ .
- * ++ ++ +4+ L T + 4, ++ ++
i ‘\- :. ,
. N .
‘\’\\ .
P) -, ; y '
= /[
o ’
; .69 ]
e -
- B4 - _'.‘ N
) } 0
| : o :
. . ; e :
- ;'h‘ ’ ! . . .
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The use of anti-human IpG {Sorun’
i\
If\was considered that; Qith-thp'incréascd sensitivity of the
anfibody assay test, itlmay_bc possible to néﬁtrnlize-thc TgG antibody
fraction in a serum and directly assﬁy.the IgM antibodv titre. The e
advaﬁ?&gc of such, a system for rubclla vlrus ant;bod) ddtd 1ntcrprctdt1on

by medically qualificed pcrsonnol is 5c1f cvident.

v

“’  Goat scrum and the HAR test. Goat dntl -human IgG serum (HyldnJ>Co ),

Swas dbbCSHOd for pcrtormancc in a pOSQ1ble test. The serum was lndCtIthCd
at 56°C for 30 minutes and absorfcd with chlck erythrocytes.. Itvwas.tcstcd_

against rubella seh51tlzcd cells in a‘rbyersal test at room tempcraturc

7]

using 1.5 fold dilutions.

<
e

!

The serum was found to poascss HAR stLVlty to a tltrc of~>l anf.

o

} Since this d@thlty was rcmovod by kaolin trdatmcnt it was assumed that

~,

thc reversal Qas non-specific- (Fable 9)

\ R . e R , .
The/ﬁoniépecific factor system in the poat’ is apﬁarontlv digferent
S

-'from'that iﬁ~humans “in that it is Lapablc of rcvcr51ng agglutlndtlon
- ’ . . 5
C nhcrcaa thaﬂhumdn non- prlelC factor is capable anly of 1nh1b1t10n

v
om— .

./ ] . . . . o
o o

.'Human IgG—néutralization.' Dilutidns of human rﬁbcila—immune'scrqm,
[ '} . ] .
hcated at 56 C for 30 mlnutcs and absorbcd with RBC' , wcrcumixod WLth

S

-' dllutlons 'of popt anti human I?E—Ecrum Whlch had becn trcatcd wlth kdolln

-absorbcd wit

~ .

dlfoﬁcd,to

% : —— D
RBC's and‘heated'at 56°C for 30 anuycs. Thc,mlxturcs were
. i LT

et at 37°C for, one houy, then chick erythrocytes .sensitized-

. . - [ R . o N . . v
o with 2.1 units.of aggyutinin, wexe added at room température and allowed
DU to settle. R : t . , Y
- ;‘- . "- - _ G‘-: ., -




-

]

TABLE 9
‘ '\ V s
A
. 't’. )

.l
LI
e
= '
.,
—
wr
'
.
L.
"
-
]
I v



Ly
.Tublc ?:

I
i

i

£

Rubella-virus HAR tCst
Lffect of dlfferent treatments on the non-specifi¢-

reveé

LEGEND

A

+
rsing factors present in non-rubella- immune goat

SNy

serum. Thc test was carrlcd out at Toom tempcraturc'

. I =

Degrees of scbring as in Table 5.

using 2.3 50n51t1’1ng units of antipen.

Inactivated ati56°C for 30 minutes. . |

= absorbed with an'chal volume of packpdﬂchiék—embryo‘

erythrocvtes \\ E

absorbod w1th thc kaolln from flVC tlmcb the serum

volume of 25% kaolin.
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V/'/ , Reciprocal of s?rufn dilutions
Serum — i . & No
treatment LgN2.3 3.4 4.1 6.1 9.1 13,7 20.6 30.9 scrum
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The human scrum showed normal 1IAR to a dilution of 1 137 or wrcatcr

1hc goat serum showcd no HAR at 1:1. 5 dllutl@l CTﬂ)]c 10). Comparison of the

‘rows in the checkcr board rcvoals that the goat serum is cffcctlvc ln neutra-

11?1ng thc reversal cffect of the human serum only at 1:1,5, the highest voat

serum concentration, and then only with human scrum dllutlons of 1:33.8 and

~

‘higher. [Human “serum, thercfore, requires 23 times its own concentration of

this particular anti-IeG serum for complete IpG neutralization.

o ) , . . —

A further feature revealed by this.exgeriment is the re-activation of

f

nen-specific reversal by-&hé serum mixtures. This suggests that the goat

reversal factor consists .of twef%ractions- one is rcmovcd by kaolin trecatment

and the othcr is not. The- kaolln sensitive fraCtEi:hlb common to both humdn

and goat scrum, the non- Raolln bcn51t1v0’frdct10n:

it be prcsentrln goat
scrum only, or human sc:um would shouw non-specific reversal under the condi-

!

. .- . Ny . N o .
tions of the test. Ncutralrzatlon of the human serum HAR by the goat”anti-

e

human IgG scerum in this tost 1nfers that thc ITAR is by prClFJC antlbod)

/
! "
! %,

2 ’ " .
The conclusions that may be drawn ﬁrom-thcsp experiments arec:
1) Muman serum must havela rubella antibody titre of at lecast 1:90 before

a Significant reduction/in.titre can be demonstrated if non-diluted commercial

. , ) , . . . . "
1 : . !

anti-human IgG serdin'is used.

Y
'

et P . A - i1 o
S 2Y In‘o%dcr for this test to be useful, the ant1;human IcG seTum must

|

—comgletoly ncutrallz? the IgC in human serum wplch 1b>no morc dllutc than

a2
‘1 i

) l/lOth of 1t5 _OWn cdncentratlon Prcfcrably it bhOUld be even more potent

r . . - !
than this, ' / - _ _ v

T ' 1

‘ T TN T W G N
3) Reégardless of “‘whether the conventional III or the HAR test 1% used to demon-

. . \ : B
1 . ' - s

strate IgG neutrallzatlon both the human and the' goat serum mgsp—be_kaolinl
' I .. * ) ‘ . . . L . ‘ |
treqtcd Table 11 shows ari effective HAR -inhibition test when this procedure

is uscd. . I ' e ' . ‘ \

o

o
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Table 10:

.

\

for one hour. ‘The erythrocytes were sensitized with

LEGEND

K

Rubella-virus [IAR test.
Checker-board of dilutions of goat anti-human EgG

absorbed with kaolin-and chick-émbrYo ~erythrocytes

-

~and lndctlvatcd at 56°C for 30 mlnute% agalnst“ ?

. '

dilutlons of rubella v1rus immune human sorTum absorbcd

with Lh1ck ombryo erythrocthb and 1nact1vatcd at 56°C

for JO minutes. 'The scrum dilutions‘reacted'at 37°C

L)

. . . ;A' B
2.1 units of antigen and the HAR test was carriad out at

‘Toom temperature. o, ) - P
. v e { ;
Degrees of scoering as in Table 5. R
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A
. Reciprocal of Reciprocal of dilution of human serum No
" dilutions of : : . - — “human
goat serum | 10 15, 22.5 33.8 50.6 75.9 . 113.9 170.9 scrum
. + = H ) . " K
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Table 11: IﬁC neutralization by .goat anti-human IgG serum in the

srubella-virus HAR test.

/Both the human and goat sera were treated with kaolin

and Fhick embfyo erythrocxxes for the test.,,Tho;sera

were allowed to react for onquhour at 37°C. The chick-

c@br&o erythrocytes were sensitized with 2.1 units of’

. agglupinin.;'ReversaL was at room temperature..
s . _ . ' ; .
Degrees of scoring as in Table 5.
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EXPERIMENTAL - PART 2

¢

"A Random Distribution and Intcraction Model ‘ for Hacmaggiutinatioh

. Introduction

- be stated that: ‘ L : .

As a result of the experimental work rcported in Part 1, it may

2

-

The conventional rubelia HI test using purified haemagglutinin

i

possesses th'e inherent disadvantage. that not morc than a small part of” ' o
the initially available haemagglutinin can be used. due to the instabi- .
lity of the Us- fraction. . .

2. -The'HAR-tcSt, ;lthouéh showing'highqr gensitivity'thﬁn the HI tcsf, is 7
s still not sufficiently sansitivehfo\make the; routine usc gF/E;;mcrc1a
anti—Human.globuliﬁ sefa econoﬁigal'and useful;i” : h “
. . . " ‘. - . - )
“"The conventional HI test could be-made more sensitive by redgcipg_
the antigen dose, Eut gcneral expé;ieﬁce with scroleicﬁl tests suggcsté -

- . \

that hypersen51t1ve tests lead to tcst instability, control dlfflcultles

- s

and ertatic results in tcst—rctest‘51tuatlons. A oflthe current antlge

and antibody'aséay:methods posséss'a'fugthé; bﬁilt-in'difficulty. ﬂﬁpy‘

\ o X s . ' e ail
‘are(ﬁﬁﬂ-point tests. The reaction' limit in any ecnd-point test syStem is a

-fdng ion’

[

f the conditions of the test, which must be sufficiently sensipi*

-

Y

ve to show a reaction’ with low-level reactors, but must not be so.sensitive

as to glvc test 1nstab111ty Furthermbre end-point tests are very diffih

r

cult to standardlze betwccn laboratorles duc to thc problems of standard— o

:121ng all the: Eéndltlons of the test for more thaﬁ\\gé work 51tuat10n

- °

- - .

-
o
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Awmethod of absolute assay of the test reagent in a serum ant1body

assay system would appecar to effer a way to overcome the above mentioned _ f

problems. Thc work publlshed b95Cameron and-Bradish-: (197ilf_np;ared, at

. L
first sight, to demonstrate such an absolute method for the assay.of

o,

haemegglutinin; however, closer cxamination revealed problems inherent in °
_their s}stem."ThroughOut the paeer, the,eesic assuﬁptioT-wasrmade that!

. " e _ N N .
erythrocxteé were fn'excéss:in the systcm, yet the only ¢¥idence for this
#¥as that there eere non—agélutinated eeils remaining ie the éystem.  AN

Whllst this reasonlng may be intuitively valid for the hlgh apglut1n1n '

dllutlons 1t leads to the problem of accountlng for the contlnued . l

presencc of 51ng1e cells desplte an increase in agglutlnin conecntratlon

of some 1,200 times. | -Camefon-and Bradish invoked'the 'free—eell',phenome-,

. b -
non of Mckerns and Denstedt (1950) and suggested that the g eelis_were

Saturated W1th_agglut1nLn and, therefqre could not agglutlnateuu They did
not, however, suggest at what eoncentration saturatlon-OCCUrb, no;‘dld

they account for thée absencelof a singlc-cell-free zone between the condi-
i o ' ' - . ~ o ! E

- tions of erythroeyte excess-and agglutinin cxcess implied by the eatpration\\_a :

i

- B . . .

h)f_pothes iS; [ ._ IS

.\ T
P o Y

. Since theﬂhypotheses~of erythroeytes—in-excese ang efythrecytefl., . %ﬁ
saturatjon are mutually exclus?voéhthe two condidions must be shown to be ,”
distinct in.tﬁe system. kThls was(not\dene nor docs 1t appear ppssxblc to L .
do 1it. ualng tho ddta glven Thc orythroeyt9541n~excess hynotheﬁls can Only .

be valldated by demonstrdtlhg the absolute relatlonshlp between erythrocytes ; -

and agglutlnln concentratlon Slnee the sedlmentatlon enumcratlon technlque
. ' . &
-gives.an end- poxnt Cbtlmathﬂ not an abselgte bond value at ‘zero dllutlon
' b

o S . I



LA

’ prcsent!ﬁnd acccptlng the 1nhcrenx crror duc “to 1ncqmplctclagglut1n1/‘ ' R

W

. . . " .
obtained ag9/£,:;mpromlse between 1) @llowing agglutinin dsorptlon to

dilution-is:a funct1on Sf the dilution used‘for_bond”cnumcratlon} gross

.dilution,'%b 4.304 x lOS/mlt when using a 1:80 dilution. A technical

b ’ ‘ ! - 3 .
_cross the line. At¥empts- to .use this stechnique Iecad to the conclusion ’

strange t at therc arc no aggregate magnltudcs >10 rcported Intuitivclv

_motrce thcoretlcal or emplrlcal basis than have the aSSqu$10 tartalncd
g - ‘ Lo | ';//pbfaaf\>\\\\;‘
~by%£ameron and GKradish. L e ~ \

e
r

.
[y

P S - L

the: technique cannot be used fbr this ﬁurpose. The test is a. 'refinement -

on the 5tandard end- p01nt methods rather than” a method taking. full o

)

vadvantagc of actual bond cnumcratlon ' o { ' :

PR v . - \.,,f' :

The TCAFONS for. fallure to take full advantagc of the COHCCpthﬂ of !

[

:atlon tcchnlquc are revealcd in the data deri cd 1hc results

'1’ - :

I ‘ . ] . -~ —

. procced td.completion, and thercby having a large proportion lost by -

4 . - , .o N
P . . . 1

inactivaxion, and 2) taking an early reading when maximum-concentration is

A :
adsorption< lurthcrmorc - from the B/R values: glvcn in thu cxamplc bv
. T c) N

‘
|’)

. Crrnin

‘Game?bn'and Bradish, it (b cyigent that the abbolutc bond eb{;Matc at zc¢ro 7@%

'absolute—vé;uc c;timatcs-wdry‘frdmf21304 X IQ%O/hl., usiﬁg 1:10240

b

problem inherent_in the technique is that. of counting, with any.sort of
{ e T . s

o [« - - ' - T - ~

. / -~ . 1 . N .
precisiony aggregates gﬁgater than five: in the time~it takes for them to

. N

that-u' imations ht'>8 Magnitudcs aTe unreliabie, ‘also it appears to be " ©
: ) L [ N RN +

it Eb dlfflcult ‘to accept ten as the upper llmlt of aggrcgate magnltudL 1n o

©o.an agglutlgatli) bystem w1th a very hlgh agglutlnln concentratlon o \

. B . - . |
) e ) . - ) .
C s . .

: . , - Co
Suchnspeculdtion 15 howcver"hiiiz;;gchalr theorhf}ng and hds no . °

31
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o i 5
\ o - R . - o f ¢ o \\
The problem is a basic one. There 'is no theoretiwil or empirical -
. ) - . e N )
model against which to megigfg speculative conclusions. The only
S ol . ~ _
. Y -\‘ N Lt i .
recourse, therefore, is to produee a model; this has been donc on a
% y o Lt . . . : :
5 - theoretica}l ,~random distribution basis, and is reportéd in the next section. _
e . vl : . . , o
. A : ‘ Lo X, . i /
- ™ Bases of the construction of the model - - - Co .
- . ' s . " - : A
: _Two hypotheses were entertained in thc'conﬁtrucfion of this model: -

1. If an agglutlnln suspen51on and the- appropriate erythrocytes are mlxcd

I

“the agglutinin unlts wlll dlbtrlbUtB randomly among thc,crythrocyteb

- ’ o .‘ ) o
pI‘eant C O : . ' ' .
. ; y . . s
'

2. Ina reabtlon mixture, agglutlnatLon will Dccurr;andomly and all .
erythrocytes w1ll be avallach for 1ntcract10n untll all.of the binding
TN .

‘Il (_"” \\unlts h%ﬁg;ern—ﬁtlllzed. " wjaen

S

- -
’

Given that hypothesis 2. holds true Tft is proposed that\ghe final

-1
[
-

‘ . N —
distribution of aggregate magnitudes in\the system will be a characteristic

of- the binding unit/cell.ratio in the initial reaction mixture.

B

95; the ﬁurpose of the model, a2 binding-unit is defined as a
divalent entity capable of agglutinating tyo eryt&rocyies.

In tﬂe'construction-of'thc model, certain assumptions were made :
P . . )

1. An agpregate of erythrocytes contains n-1 binding units where n 1s
the number of erythrocytes. .. . l ~
A ; & . \}‘\'

‘f i

: t ' S
.2: Distribution and appregation-had proceeded to completion without any
[ . ' /"‘

i : i . L
loss oi’;fgglutinin due to inactivatlion. . .

'S .
g



o /g L : LS . N
3. Edch orxﬁhroc?te had sufficient agglutinin reaction sites to
saglgfgﬁlhe random disttibution demanded by thb model, with_one in

addition to enable the cell to take part ih the apglutination reaction.
K [ .0 ‘. = ‘ Y
< v '

4. A¥ aggregate, once ' formed, was stable.. o - —”i:D'

Constructlon procedurc '

Dlstrlhutlon The numurals 1 to 1000 wexne l]thd thcsc were the

-

crythrocytes. Varglng numbers of blndlng unlts were dlqtrlbuted on the.

.
»

erythrocytes; the crythrocyte to which cach binding unit was aésigned was

determined by taking a 3-digit number from a table of random digits

N {(Rand Corporation,—1955). ] ' ' S o . o -‘ K__
- i : ? { .
l ' Figure» 5. illustrates the dlbtrlbutlon-of b1nd1ng unltq on the
. ) "‘"‘“—-... \ - . .
el crythrocytes at Varylng qindlng unlt/cel1 (BU/C) ‘ratios. The.linos inNBhis

flgufe~show the Pobssonian dlstrlbutlon of events betwoen i = (0 and i;= 1.

—— -
- .

. . .
It can be seen that" somc of"thc erythrocytcs appear to have ﬂdbOTde multiple

rr—— o L . e Ky -~

2 ,blndlng unlts cven at very IOW¢BU/C=rat}os and that the dlqtrzbutlon tcnd%

Tt .

towards hlgher adsorbed mult1p11c1t1es rather than rapldly 1ncr0351ng
numbers of erythrocytes with a 51ngle adsorbed b1nd1ng uﬂ{t and a corres-

pond}ng rapid reduction in the npmbqr of erythrocytés free of them. o ////

4

' : /

. ) Agglutlnatlon The binding unit distribution data for BU/C rati6s

.
.004, 016 - 040, .077, 169 (244, .509;w.709 and .925 were used to

determine the aggregafe distribution after agglutination has proceeded to

/—'i

completion, ) - : . o ' | y

[
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Figure 5: The distribution of binding-units on erythrocytes at.

~varying binding—unit/ccll'muitiplicitiés.

[

. Ordinate . °  : 'The number of cells.
_ Abéissa - : Binding-units per 1000 cells,
: . Y " . VA
; Right-hand scaléﬁ The number of binding units per cell
- . . . -~
| represented by each of the lines.
- ' - Lirfes l :" Poissonian,distribution of events,
-, . taken from the tables.
-, Circles . : Values obtained by sampling from the ™.
. ’ Comn ) : o - v ) ’ I
- . o . - table of random numbers.
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coupled with another erythrocyte selected at random by ‘the usg’ of thc

one bryéing unit, and the magnitude "of "the aggregate and its associated

<y ' N ‘72— 1

. ) LA « ‘
Technique: For each BU/C ratio; the erythrocytes with their

associated bonds were laid out in the squares of a 50 x 20- square

rectangle; the Squares being numbered consecutrvoly starting from 1 in

the top left square and finishing at 1,000 in the bottom right square.

u -

'.\ ' v,
The pairing of a blndlng unif-free erythrocyte with ano%her ’\LJ
blndlng unlt ¥ree erythrocyte being a non- event was not considered in

the coupling process. This considerably reduccd the labour that the

procedure entailed.

Taklng them in numerlcal orq?r, each scn51tlzﬂﬂ erythrocyte was

table of random digits. The coupling process was con51derod to consume

[y

- . . Lo
- . - .

binding units was calculated from the formula o

-l

n n
1 2
%Qx A kT Ay \ R
where: R LT : i
! ) ‘ ' - ) .
A/ is an aggregate of erythrocytes of magritude x ) o
A no -:' . n "o g .
Yo : . ) ! i ‘
A o 1] o L . LA X + y 2. L4 '
(x +y) : L

ny is the number of binﬁing units associated with aggregate Ax
n2. ‘!':: . " '. ' "o " " - " " n . A}r . ¢ |
(ﬁ + n,) - 1 is the number of binding units associated with the aggregate
: ’ ) " A
. 7 . X . N X
zhe coupling of A, anﬂ,Ay; i.el, A .
. ! -~
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For example: - " i
K &b . : . : . . ‘ A '
, Would-be a dimer with 4 associated free binding units, say in ’

o . . .
position 352 in Ehe rectangle. From the tables, i¢ is found that this

-~

s to be coupled with an aggrégate in pésition'735l If this latter

~

i . . 0 C e L . ‘
posttion 1s occupied by an AfS’ which is a trimer with no associated
s :

s

free binding units, then the resultant aggregate becomes:

. 4 0 _ 3"
7 | Ag v g = A
| 3o | . )
A 5 being an aggregate of five crythrocytes, with three associated free -
' *binding units. <

-~
h}

ﬁ./\k
Coupllng was con51dcred to occur at the hlgher of the tyo square
values, the vacated square belng blanked out. When a number was drawn

from the Fables corresponding to.a blanked square, ﬁhe nupber was dis-

+ sregarded and.the next number drawn in its place. This process was

continued until all the free binding units were consumed; the final

| ..‘ e . A - ‘ '
populatiorni composition was then analyzed. .
bl ‘ ’ ‘ e 7 T

-

; Eigﬁre 6'illustrates the variation in the total number of aggregates
:lﬁerﬂl 000 cells, the maximum aggregate magnitude, and thé number of 51ngleo

;; 4: cells per 1,000 cells with increasing BU/C ratios, whllst Flgure 7 A

li_fﬁ o illustrates the varlatlon in the numbers of cach mqgni{pde of aggrcgate i

’ A ] /’ 4
g .

with increasing pu/t ratio.

—— e

3
3

Two strlklng features are revealed by Figurc 7

1. The dlmer theory is appllcable only at BU/C ratlos of and below s.016.

This supports the view of Cameron and Bradish (1972) that the dimer
' ‘ . ) \ : . - o
hypothesis of Levine et al. (1953) is inappropriate.

s . “

-
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Figure 6: Aggrepation of an, agplutinin-erythrocyte reaction

mixture. ° Variation. in the numbers of residual single

cells; the total numbers of aggregates per 1000 cells, .

' and the maximum aggregate magnitude with inc¢rcasing

2 ' BU/C.ratio. -

;

o . Ordinate: Count number. v 'y

Abcissa : BU/C ratio. ,

I'4 /(‘g‘.\ "
- ~, . : '
o v .
P o = residual single cells per 1000
* ——— + = total aggregates per 1000 cells ';"
v . . ..,‘
° 2 = maximum aggregate magnitude ;
. .
s . (
A
< rJ {
]
A3 "r
S
i' ' ’
. N .
/
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v ¢ - Figure 7: -5ggregation pf;éh agglutinih-erythrodyte.rgaction.
\ mixture.. Variation in the numbers of each magnit{ide
- \Hof aggfégate with iﬁcrqasing BU/C ratio. - r
7 T ’ ~
12 SR . ‘
Ordinate: Count numbers. j
c .
)
{Abcissa : BU/C ratig. ) \
gﬁ?f/‘ Tha;numerals off the curves are the aggregate magnitudes
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;\’
. ) o
. . . . n

Aggregates of magnitude B_drc present at éU/C ratios‘of_.277 and ‘
)

- y g ’ " (/..'.
_higher, and at ratios above .500, ‘therd is a very rapld rise 1n the,

-5 .
numbers of, aggregatcs oF magnltudcs >8, with 'a comcurrent decrease in;

the numbers of aggregates.of magnitude 8 and'belbw.\ The pracfical

1mp11cat10n of this result is that the %cdlmontat1on/onumcrat10n method

of Camercn and Bradish (1972) is probably only appllcablc at BU/C ratlos
<

" below \igiﬂ “ ) ’ : g 4 .

s

Inspcdtlon of Figure 6 sugge%ts that it may be p0551ble to cstabllsh

the relatlonshlp of cither the” proportlon of the initial cell population.

[
-

rema;nlng as monomers after : gregatlon,for of the-maximum aggregate sife,

e

. with thefBU/C'ratiq, as a tool for estimating the binding unit concentration

aggregates of magnltudes >7,

. monomer proportions between .163 and .877.

b N *
in the Teaction mixture.

L ‘ C ' ' 2

Thc practical dlfflculty of unting the number of erythrocytcs 1ﬁ

-

en when allowed to settle in formalln to be

’

inspected as stathnary systemz%'is such as to eliminate the practicability

: N ' L '. .
of this alternative. Attention was, therefore, given to the residual
S £
MONomers. M T '
i v i

» T

Prediction by use of the model L "
- . LY - ) i - ‘ . - . .
A linearstransformation was achieved'by plotting the proportionLof

S

the initial concentration pf eiyﬁhroE?t:i in the reaction mlxture remalnlng

AS MONOmMETs aftem.aéglutination, agains the'squarc root of ‘the BU/C ratio «
in the mixture. « '

° B ~ . . + -

p—a
-~ t
-

As shown in Figure 8, the relﬁtipnship is linear for residual

14

-
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Aggregation of an agglutinin-erythrocyte reactio
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mixture.

¥

i . . % L
The linear relationship of the proportion

of tﬁe erythrocytes remaining as menomers, after

J

interéctiqn, to the square root of the BU/C ratio.
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Proportion of cells remaining as monomers.

) o - \
w . . .

s A . ) ' . 4
@ f C }

~ &
wt



. - 80 -, -
. . v TR .
1 . " 1 s LT ‘

. T e L
e ;
- - 8 .‘
. .

\"

\o
i\

¥ | I 1 L

L] ] L] . . L . | ‘
01 02 03 04,0506 07 08 09 1.0

»

" Proportion of cells remaining as mpnome?s'

‘,-I ’.:' .
4 o
N ;
A f
- o i
‘ .
\_ L
- s
- - — _'.”
L




the two.hypotheses on which the proposition rests.

- 81 -

i

A regression.calculdted from the data for these five values gave
= . . . " o L. v

a T intercept value,- (a) 9f_.969_and a slope constaﬁt, (b)rof -0.814.

~

We may 5ay;¢hat:‘ . y

.The‘absolutc value 6f the binding unit concentration in a rcaction mixture

w1

LA PR . ) -‘.-f" . 4
may be calculated_?fom the proportion of the initial erythrocytes remaining
: . 7 - ) : :

as mondpers aftei”wagglutination has proceeded to completion.

This statement hol&F t;yé so.long as the proportion lies between the values

¢
i

.163 and .877. 4
: A ' . : o
The absolute"EQfC ratio is given by the formula BU/C'= (a + bx)z,

! . 1

—— e

where: BU/C is the binding.unit/cell ratio

.
(Y

a is the Y intercepﬁf= 0.969

b is the slope constant = -0,814

™. 'x is the proportion of the initial erytp%ocytcs remaining as
pd ot ) v . ' ’

" monomers after agglutination is complete.

-

o : '
f - ~
/

Three things are apparent from consideration. of this system: |
1. It is necessary to know certainly that agplutination is complete in

¢ -

.order to use the system. ,f . s
o . . S - .

4 . Ty s ‘. - .
. R . - ' A . , . ot
. There is no need to invoke .a "sqépratlon hypothesis'" (Cam€ron, f. .. ..

8]

a5
11

Bradish, -1972) to explain the pﬁesence of residual monomers when the
cells are indeed in excess;?thg§ are present as a normal part of the
i : [l ) .P?' .

population of aggré%ates. . !

3. These results could not be derived by émpirical experiment.

Finally, we may say that the proposition statééjék the beginning of
. - [ '3
this section has been supported by the theoretical resultschtained. We

. * . o+
may, therefore, pfoceed to attempt to .obtain empirical evidence Fo support

-

< . )
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EXPERIMENTAL - PART 3 -2
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EmQ-irical Testing of the Theoretical Model | ’

| VI

. -

R ‘

Evaluation of the tcchnique

. A\ .
Two measures' are nceded in order to use the model.
[

1. The initial erythrocyte concentration used. R BT

2. The monomer concentration after binding unit mediated interaction. vy

" The empirical formula used is the, BU/C ratio formula extended L

to givc the binding unit concentration per ml. at zéro dilution:- . .

MC
el

whegei B/ml0 is the binding uhit concentration per ml. at zero dilution '

B/m10,; (969.r—(.814 X x CC/ml x 2 x df. ST -
MC is thc.monomer count pe;-unit vpiﬁme after interaction
' oo @,
cec is the initial erythrocyte count per unit volume
CC/ml is the erythrocyte count perrml. in the reaction mixture

df is the dilytion factor based on the agélutinin suspension

Ty

added to the erythrocyte Suspension

2 ..1s the factor to correct for the addi®ion of equal quantities

of apglutinin suspension and erythrocyte suspension. %/

It is clear from-consideration of the cmpirical formula that the : T

- ! - ’ {

lower limit of bond estimation is a direct function of the cell count 1 ¢

per ml. of reaction mixture. It follows, thetefore, that the initial &
-~ " . N Ty

cell count must be kept as low as possible to achieve maximum sensiti-=

r
s

vity; it is necessary to know the lowest counting range over which the
response of cell count. to dilutien is linear, and the minimum number of

samples which must be counted to achieve an acceptable level "of precision.
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Linéarity

suspensions of known concentratlon relatlonshlps and with erythrocyte

Cont'd. - | .

r i -~ -
. v \ . LA g
T . L
- - -

A suspension of fresh human erythrocytes, thriced washed in PBS,

-

was prepared in PBS. ) < .ﬁ - ;

- - . ' ‘ !
When the suspension was diluted 1:2 in, 5% formalin in PBS (to
. . '/r .
/ ? i

eliminate eTTQrs &ue to lysis of. cells), the mean connt'of 4 x 0.1 mm3
J

samples was 148. 4a A series of 1.5- fold dilutions of the suspension

&)
1

were made in PBS. Each was dlluted 1 2 with 5% formalln in PBS and 29 : s

samples of 0.1 mm~ counted, except for the first 1.5-fold dilution, when
22 samples were counted. This procedure yiclde@ nine erythrccytc"

~

counts, ranglng from 148,43 to 6.10 per, 0. 1 mm .,

When the gell counts in this serics were plotted against the cell

concentration relationships (Figure 9), the result indicated a slightly

curvilinear relaxionship'ovcr;ll, with‘rhe obtained count falliné
incregsingl; below the nredicted level with increasing ceil concentration.
By lrmiting the-range of the counts trcated, hcwever, it ié pocéiblé‘%c
consider the ccunt/concenrration'relationship as linear over éufficient

réngc to be used for testing the model. Figures 10-12 show the bcst—fit

lines cglculnted'for three ranges of counts; 0-17, 17-74 and 50-148.

~

The response in each of these ranges is for all practical purposes linear,

!

but the overall-curvilinear nature of the response is indicated by the

: L C &> s
increase in the value of the Y-intercept (a) and the decrease in the value

. ! —
+ m——

of the slope constant (b)'as the cell concentration in the range Increases. .. T

The model indicated a range of residual erythrocyte proportions of 163

to .877.. Con51der1ng the thrc\ linear. ranges in f;gures 10412, then, we

——
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Erythrocyte counting in haemacytometer. Curvil

"Ordinate: | Cell count‘per 0.1 mm

response of the cell count to variation in cell

concentration.

3

"Abcissa @ Cell concentration relationship.
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Figure 10:  Erythrocyte counting in haemacytométer.
R Best fit line' (a = 0.51, b = 7.59) calculated
for the count range;0-17 per 0.1 mms.
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., Figure 11: Erythrocyte counting in haemacytometer: -
S T ‘Best fit line (a - 2.93, b = 6.23) for the couﬁt;
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'Figure 12: Erythrocyte counting in haemac}t‘omctcjr.
‘Best fit 1iné (a = 10.94; b = 5.35)
S , ’
- calculated for the count range 51-148 per 0.1 mms_.
\/ Ordinate: Cell count. . ,
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find that the 50-148 allows for the use of a lower limit of .337 of the !

_starting count, whereas, the 17- 74 range allows for the use of a lower

11m1t of .229 of the starting count In th& lowest count range trefted

.

oo

(0-17), the zero was included to glvc the four p01nts necessary for
calculation of the regression but,'ln fact, it appears that the count of
6.10 is somewhat'lcw.dnd may indicate gross departure from linearity
with decr0351ng ¢cell count at this level. Since 6.1 is .359 of 17, the
range of 17-74 would appear to be that of ch01ce as thlb is the least

~ constraining with respect to the range of .counts which can be used for

binding unit estimation.

Carmrt

Precision of the mean LT

5
Both the count magnitude and the samnle multlplhclty affect the

‘prec151on of the ultimate blndlng unlt estimate, and the effect of both

o
L

of these factors on the Standard Error of the Mean was 1nvest1gatcd

The Standard ErroT of the Mean was the subgect since we are here concerned

/

with the dlStrlbuthH of the populatlon of the means derlved from a prc—
determined sdmple mu1t1p11c1ty at a partlcular count magnitude, for on’

each occasion of the use of the model, the binding'unit éstimate is ~
v ' : .

dCTIVCd from the ratio of two population means Table 12 is a present-

ation of the data from which Flgures 9-12 were derlved It shows the
effect of both sample magnltude and samplc mu1t1p11c1ty on the Standard
Error of the Mean'expfessed as a proportion of the mean. The shaded

- . . . )

-

area indicates the approximate conditions which will yield Si = .05.
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TABLE 12
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Table 12:

A
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j N LEGEND

C

: Y.
‘Variation in the value -of*the standard error of the, mean

with variation in both the count magnitude and the sampic/ -

multiplidity. ;ms ' ' o /A{
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- For details, see text.
. . 4
"
g \/
Fl .}
1Y
A
G, Fl
~ - B - @
~ 1 3
i




ST BT LT ITST $Z ET 2L 17 0F 61 /@

21 91§51 W erzet ol 6 8L 9 €C &€ 2

60- 01 -01. 60-01. OI. o_. - 11 ﬁ.ﬁ -

30.50.50. 50 50" 50 mo mo mo “so. mo.mo/Loo 90-90.90.90- L0  L0-£0-£0-80-80- 60" | - L1-90-
+0. $0- +o_+o .m.o mo hc mo mo 50~ 50. mo.ﬂo %0. 90. LO-L0O- LO- GO mo mo &0-L0- LD mo ot- .2 90
-
+0-40.40.-%0. +0 - \ - \ : s
© 40.40. «o #0. 40- $0- J0- % 0. 50-50-40-90-60- 01+ ZI- €I ©1- €I+
+0- +0.40-40- +0. $9. $0. +o "50.50- 50-50- 60 ©-Lo-L0-80- 60. ' . Ti-LI-%T
. g B .
K b - \.\\ o
s -
L T
. [
€0. €O C0- €0 40- $0- 0. $0-4+0: +0. $0. +0. +0. +0. ¥0- 40. 77 . .
...3\.. 90-90- 80-
. T e _ .
H -~ ~
i s T
1 - -
z0. T0.T0: TO. To- .no 7o ZO- .«o z0+ TO- TG- Wo.\m\o.\.\oo.
-
TOo. -7 \.m\S Lo-
. 4 €O
T ¢ - ”\ \\ 1
Z P
. i, -]
vy i -~
P
TO. X0 TO. TO. TO- ¥O: TO- TO- TO: TO-\TO- TO: TO- ZO- TO- O+ €0-$0- 400
. v n . Cal .
i : . [Fo.|%0-
1 A+
A R— t -
i .
, 3
C . . €0- ¥0- S0+ £0-
o Fg0- %0.

€1 €1~ #1-61-91- m__.oa._a.rn.m«.on.hm.or T4 +4-8€-

ol
7
oC
174

-jog

SE

05
119
09
59

‘oL

SL
08
58
06
1733
ool
501
o1

0Z1

0f1?

(21l

o+l
5!
os!
ss1
09/
591

st

17
9C
£3
9¢
I+
9+

1§

95
19

99

FA
9L
g
98
16

96

10!

901 |

Iy,
911
1z
9T
€]

el .

14/
9%
151
95/

191

T



A,

[

. N
. . N
- . i ) N - .

1S
Cont'd. T

.ot . . 2 . .
The following conclusions can be drawn from this Table:
1. The lower the sample magnitude, the greater must be the sample

multiplicity te achieve an acceptable precision of the estimate

. of the medﬁf’ -

More than two samples must be counted regardless of the sample
magnitude, to achieve precision stability.
3. With sample magnitudes >40 more than three samples must be counted

-~ to avoid gross variation in the estimate of the mean.

4. Tt _is probably not'pos§ible in practice, using haemocytometer

I .

counting, to achigve sufficient-precision with the 0-17 category of
_counts to use this range for bond estimation.

5. The raﬁge 17-74 yields means of rtasonable precision with a sample ’

.

-~

multiplicity of 18 at the lower Sdhple magnitude.
6. The upper limit?of counting is probably in the region of 100-120

erythrocytes per 0.1 mms. At aacqunt-level of 150, both the mean

and_the standard error of the mean are erratic.
,The'considerations of both linearity and precision of the estimate

of thie mean, therefore, indicate the range 17-74 erythrocytes per 0.1 mm

to be the range of choice for binding unit concentration estimation.

Time requifed'for complete agpregation

Any empiricalltest of the model cén bgﬁialid only if;the‘aggregatiop
procegs has proceeded to completioh, since thﬁs is one of the dssumptions
ﬁpon which the congtruction of the model was based. To determine the
aggregation time, a PR8-virus reaction mixture was put on a rotator in

G




et

o~

"such a way that the tube was inverted 66 times pef minute. All

Cont'd. , .
rd

equlpment and materlals were chilled to 4°C for the experiment. A

series of 1dent1cal materials, each being 4 ml. of reaction mlxture
vt -

in a 12 x 75 mm. tube fiteed with a 00 rubber stopper were used. At

1ntcrvals of time durlng rotatlon 0.2 ml. of formalin was added to a
. : L

tube which was then placed on a slow rotator. to be inverted 8 tlmes

L ¥

per minute unti% being'counted. Inspection of TFigure 13 shows that,

<

under the conditiohs of the test, aggregation takes 2 1/2 hours to

reach completlon This finding casts serioUs,doubt~on‘The effective-

L4

ness of the method of Cameron .and Bradish (1972), hcre the material

was "allowed to equilibrate for 15 minutes at room temperature'

presumably stationary.

The. confldencc level must be dcﬁermlned not upon statistical

Confidence level

grounds, but on theﬂpaSLS of the relatlve ‘costs of maklng Type 1

(false positive) and Type II (false negative) errors; (itardyck &

Petrinovich, 1969). It is not possible to make any decision that will p
/ - .

be valld for all serological examlnatlons carried out upon patients;

screening of blood donors for ev1dence of Australla anthen in the

il

plasma would, for example,‘demand that a low level of Type II errors

. : - A‘ . R a ’
is the objective and the confidence level for positive resnlts should

. ‘ ) \
be relatively low. With rubella virus, the opposite attitude 1s

L

approﬁriate. Since the work which led to the construction of the theore-
tical model was rubella virus serology, an since the objegtive 1s tﬁat s
this will be the first area Application, consideration was given to

~J . : .
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Figure 13:
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Aggregation of a haemagglutinin~erythrocyte reaction .
mixture during gentle agitation. The mixture was

inverted 66 times per minute at 4°C.-

residual monomer count
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.cal%ylated BU concentration

Ordinate: Monomer count per 0,1 mm;.

Abcissa : Agitation time in hours.

Right hand scale = B/ml_ x 1078,
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the -confidence level eppropriate for rubella virus gerélogy, and. {,

discussion was held with Dr. E. Rossier on the matter, since thig

L - . ’ P 77.‘.“ i
decision musit ultimatély depend on clinical considerations.
Two situations exist in the rubella diagnosis ield:
1. The diagnosis of active. infection in a patient.

2. The determination of' the rubella’ immune status of a patient in
or X . - ‘ - fm

-order to assess the person's risk level if in contact:with.a case,
or consider the appropriateness of recommending immpnization. ’

. < < SN
y i ~ ) .. . N

For the purpose-of this exercise, the first of the two situétion;\\j
witl be used as the decision-making basis. The costs of a—fal3e negative
. . L&

here will probably not be high since the respoﬁse of the clinician will

‘probably be 'no-action'; although the situatibn\g% notosimple if one
takes iﬁto\account antibody titre rises of <4-fold, in combination with

nhigh antibody levels.  Since the laboratory function is to supply data .

"

and guidance,‘any'positive result must have a very high degree of

cefta&rty attached to it by -the laboratory. The costs of a .falsc positive

' ‘ g ‘. . . . o . .
are liable to be ver¥ high as it may involve the fssue of aportlon, with
all the concommitant/emotional overtones and vdlue judgments, and

committing the pétient to high_degrees of psychological trauma.

t

It is suggestéd,lthefefore, that a confidence level q@\gégl is*
appropriate. This enables the laboratory to place thé-necessaryrhigh
- ‘ ) . . ) . .

- o .
degree of certainty on the positive Tesults issued.

i

SN

-
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o Precision of the test : o _ o - ~
- ’ . //' F.] '
: The dlrect way to as S§ the pre01510n of the test is to calculate
g : :
t .
d{ the. mean- value’ and 0, o1 confldence llmlts for a series of blndxng unit

\ - ~ n

concentratlon estimations, made 1ndependent1y on the same preparatlon

. \ 1 ! .
ﬂ1e result will® 1nc1ude all sources of error and variation 1n the e
process_of binding unlt'estimation.

*

. .~ Table 13, i-vi, shows a series of multiple binging unit estimates

) ' o
- o A . : - - .
made in sfi experiments involving influenza-virus, PR8 strain. The

startlng counts vary from 41. 08 to 87.9 and.the number of countlng levels

o A
‘ varies’ from 3 to 6. The most preg;se estimate k6 samples) glvg%;U.Ol . o

v

) . ; i . + . o . : . . .
. ‘ confldence limits of - 18% of the mean, the-least precise estimate

(3 samples) glves 0.01 confldence llmlts of - 940 of the mean. It can
o v .
be seen that egamples l—and‘i yleld mean estlmates ﬂhat are very close,

and &he confidence 11m1ts would suggest that thcy are not different.

However a t-Test carrled out on the data in the two examples gave a .

. t-value of 8.427, significant fbr_? degrees of freedom,‘P = <,005.. The .,
ddta, then, is sufficient to separate two haemagglutinin populations -

~having a"difference of 17% in HA cbncentraﬁiOn, at the <0.005 confidence

level. The dafa also Suggest that the mean binding unit concentration

should be calculated from at 1east four 1nchendent estlmates when

o

the pre0151on of the estimate will probably be of the order of I 30%-35%

-

of the mean value at the L0l copfldence_level.

T . . . H . - .o, . )
W K . - -
M P .

It canbxe seen that— in eacl case where the starting count is : e
A g .

approxlmately 50, th//estlmate yielded by a monomer count below 0. 5 of

<
t+

. the startlng count appears to be lower than the estlmates from re51dua1

I

e o
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Table 13 i-vi:

-

1
p—
o
—

1

- LEGEND

o

Binding-unit estimations on six preparations of PRS

virus by the monomer counting technique.

Each of the multiple estimates made in each experiment
was calcylated from the counts obtained using a dilutio

of virus different from those used for the other

’

_estimates within that experiment. Human erythrocytes

.7

‘were used in i-v, chick erythrocytes in vi. The virus

concentration relationships (VCR) were calculated from

L]

the.virus dilutions used.

1

SC = starting count : :

X = arithmetic mean of the BU/ml_ estimates

Si = standard error of the mean of the Bﬁ/mlO estimates
e
t

Confidence limits are at the 0.01 level.

bl
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TABLE 13 i
2
YCR : : ’ Moﬁomer count BU/mlo estimgges
. . (x 10 7)
1.61, 2347 1.08
146+ \ : 24.37 1.10
1.33, ' .t 28,21 0.86
121 . 27.88 0.97-
1.10 t 30.04 1.07
1.00 |  34.08 1.30
SC = 41.08 ;
X = 1.06%3 : .
S- = "0.047
- X

99% Confidence limits = 0.873 &— 1.063,—— 1.253 (T 18%)

x 107 per ml.
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TABLE 13 ii J
™
&L Bl,J/mlo Cstimates
VCR Monomer count g {x 10‘8}'
0.4 25.39 . -1.34 &
£ 0.6 | 061 . - 1.46
1.0° 41.00 S . 1.05
sC = 51.1 - : ) :
x = 1.283
: ' Fa
S-_ = 0.122 .
X . s
+ Q.
99% confidence limits = 0.073 &—— 1.283 ——> 2.493 (- 94%)
' ' x 107 per ml.

R '\‘)
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TABLE J3 iii
\
BU/ml0 cstimates
VCR Monomer count : L (x 10-9) ,
N
5.06 23.71 . ' 1.7 . \
5.38 26,92 <, " 2.4
I o ‘ .
2.25 34.38 1.6
- . ’ N by
- . P
1.50 4&.96 . 3.5 7
1.00 /, 50.39. 3.9
.
' SC = 87.9 &
%= 2.62 \
SN
S- = 0.77
X
© 99% confidence limits = 1.804 <— 2.62 > 3.436 (- 31%)
, ' x 10 per ml.
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' TABLE 13 iv
‘ : ) BU/mlO es;timz_lges.'
VCR . Monomer count - (x 10 7).,
5.38 /g*?;.72 . 8.81
2.25 28,28 9.37
1.50 ‘ 35.17 9.06 .
1.00 * . 37.78 . - 11.20
SC = 53.11
%= 9.61 . ' ,
S~ = 0.542
X

D . . . : .
99% confidence limits = 6.443 &—— 9.61 ﬁ 12,777 (- 33%)
' ' x 10" per mk. '
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.. TABLE 13 v
o ‘ BU/rnlO cstlmagcs
VCR ‘Monomer count (x 10 7}
400 18.78 0.94
2.00 L4 27.06 1.22
1.33 35.94 1.00
1.00 38.89 1.04
SC = 51.22
- kY
x.= 1.05
Ss = 0.06 L,
99% confidence limits = 0.7 &— 1.05 z—> 1.4 (- 330) L
A% x 10 per mls
\
N
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BLE 13 vi - | | | '
e TABLE 13 v; _
/ - . . o . ‘.‘\”
’ -
- _ - BU/ml_ estimages
VCR Monomer count ; (x 10 )
4.00 | 4.00 .80
- . . \ - ~
2.00 I 2.00 - 0.97
1.33 ‘ 1.33 | . 0.97
1.00 C L s100 f o '1.05
™ SC = 53.89
* x = 0.95
e y
S- = 0.05
X ¢

. ' g o
.99% confidence limits = 0.66 &—— 0.95 —> 1.24 (- 31%)
- . ) x 107 per ml.
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monomer count proportions above 0.5. The reason for this is that counts

on the lower part of any portion of the curve shoWn in FLgurc 9 arc high (

Y

relative to a‘count in the upper portion. The structure of the formuiiJ/
for BU/C-estimation is .such that a relatively High obtained count will
yield a relatively low binding unit estimate.” With a starting count of

50, it is probably wisc to use a series of d11ut10n5 q1v1ng r051dual

monomer proportlons between 0.8 and 0.5, of thc startlng count fér binding

\\unit-estimation. . ' . . ‘ N

LY

F\J/Resﬁlts using chick embryo and human erythrocytes

The estimates shown in Table 13 (iii) are - of the samc virus

suspension,'but carried out using human crythrocytes (#5) and chick

A0
eﬁbryo erx}ﬂrocytes (#6). The two estlmates of- 1 05 I 0 35 x 10 /ml.

<

and 0.95 1o.29 x_los/ml. are not 51gn1f1cant1y dlffcrent = 0.25,

6 df) since a t-Test yields a t—value of 1.2422. N
I o

It appears;‘fherefore, that PR8 virus will agglutinate chick. and

human cells wi;h,equal"bffectiveness and that erythrocytes of either
-species may be used in the test.

o \

B. Testing the model : _ -

’/”ﬂ—hﬁ~%est conditions. The-techﬁiqud to be used in order to obtain a

binding un1t concentratlon estimate on an influonza haemagglutinin

1

suspension can now be stated;

r N -

All reagents and cquipment are chilled to 4°C.

o
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A serlcs of 1.2-fold or 1. 5- fold- dllutlons are made in PBS to

cover the appropriate range. Two ml. of each dilution is placed in-a

.12 x 75 mm. tube and two ml of PBS in a further, control tube To each
.'

tube is added tweo ml"of a suspension of frosh human or chlch crythrocytes

(human erythrocytes are the easier. to count), /at a level of 8. 5x 10S to

1.1 x 106 per ml. in PBS. As the: erythrocytes are added to a tube, it is

stoppered énd 1mmed1ate1y inverted twice to smoothly mix the cells and

agglutinin. When all tubes have been prepared, they are placed on a

rotator and inverted 66 times a minUtc-fo;;Zlifzfﬁours at 4°C. Rach tube
T '

then recelves 0.2 ml. of'fotmaliﬁf’again the tubes are treated individually

and the contents mixed by 1nvert1ng two or three times. After being

=4
S LA

formolized, the tubes are placed on a slow rotator at 4 Cfto be inverted
cight times a minute.’ Counting is started 1mmed1atcly after formolization;
the aim is to count four dllutlons giving re51dual monomers of between 0.8

and 0.5 of the starting pount. Each count is the arithmetic mean of 18

samples.

[
Y

The blndlng unlt concentratlon is calculated, using the empirical_
formula and the flnal value is the mean of those calculated for each.
/

dilution. The confldqnce limits can be calculated for any desired confid- -

~

ence level, ' ' o T

4
L

Construction of an eﬁpirical equ1va1ent of the-theoretical model

In order to determlne whether the results obtained by'counting at
different dilutlon levels support the BU/C. re51dual monomeT proportlon
relationship predicted by the Random Distribution and Interactlon Model,

the. following experiment‘waS'oarried out.
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Method. Infected allaﬁtoig fluid was diluted to give a series of

dilutions from which counts covering the range of-proportions‘in the

thporetical model could be Bbtaincd. The.technique\uséd was as describcd

under 'Test Conditions'.. A low startlng count was used as it was con51d-
ered that there may be less devxatlon from lincarity at the lower re51dual

proportion levels than if anhigh (>75.0) count were uscd. The binding

unit concentration for each dilution level was estimated.

1t was found (Table 14) that all of the dilutions which gave residual
monomer” proportions of <0. 8 gave similar bond estimates.. The mean of these

estimates was calculated and used as_ the basis for determining the BU/C

" ratio at the starting. 1evel for the experlmcnt From this figure, the

BU/C‘ratio‘at each dilution level was calculated and the squarc root of
cach was plotted against the appropriate residﬁal monomeT proportion.

»

Results. There was a very closc- correspondcncc between the value of

"the binding units pcr cell in the reaction mixture, calculated from the

diiution used and the starting.binding unit concentration, and the value
prédicted by the model fd%‘the different values of MC/cc. . Figurc 14

shows the plot of the values obtained in the empirical experiment super-
1mposed on the curve, derived in the theoret1ca1 model We may say, then,

that the empirical data'are in agreement with the theorctlcal modcl and,

- therefore, support the hypothesgs,'proposition, %nd assumptions’ on which

the model was based.” As was predicted, the lower starting count_of 37.0 .-

P

appears to have given consistent BU/ml0 estimates over a wider range of

" residual monomer proportions than was found when using a starting count .

e
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= Table 14: . Estimations of the BU/ml, values for an influenza vitus
' (PR8) susPensfon.
1‘ AN . .
S - o . X }
H § .. The estimations were made independentlx using the: %
" i dilutions shown in-the table. -
@ “  The BU/C ratio at 1:1 to 1:67 (=532 x 10°/m1.) and
' . ‘the erythrocytc concentration. <
The BU/C ratios at the other dilutions are calculated’
) from the BU/C ratlo at '1:1 and the dilution.
;éif (i‘\\ : ,& Startlggferythrocyte count“= 37.00 per 0.1-mm3.
- R
7
s o
I A N e
‘\ 1 )
" 2 .
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" . TABLE 14
N s . 1“
. “
4] .
'3 B H
Erythrocyte c'bunt e
- C : as proportions of - : /E; 1
e . Erythrocyte sta‘gting count BU/C ratio BU/C u/m o
. Dilution count/0.1 mm (M /ec) — [ 10"5')
1180 . 36.94 " 0.998 . 0.004 ) 0.063 14.83
Y :40 33.04 0.914" 0.018 0.134  15.00
L Lo s K i
1015~ 33.33 0 0.900 0.048 0.219 ¢ 6.36
1:6.7 28.83 . 0.779 0:107 0.327 5.70
14 26.61 0.719 _-0.180 0.424 4.47
1:2.5 - 18.83 0.509 0i288 ©  .0.537 5.83
1:1.8 16. 00 0.432 0.399 0,632 5.20
; o T | ..
1:1.1 8.22 0.222 - 0.654 0.809 5.19
141 5.28 0.142 % 0.719 0.848 5.52
V /
A \ n
— =
\\
Lol _,(,' T
[
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sFigure 14: Binding-unit concentration estimates .for a series

" i

of influenza-virusl(PRS)'dilutions.
e . Plot‘of the points degrived from the empirical data

super-impoigd’upon the relationship line derived”

. from the theoretical model and illustrated in
E A 'r .

/7* S Figure 8.;]

fal

L

2 .
Ordinate: - Square root of the binding unit/cell ratio.
A _ <
. Abcissa Proportion of the initial erythrocytes
. -~ % ' ) T
. s remaining as monomers after completion. of
u : La ‘
interaction. .
' X ‘ ) G
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. Square. root of the binding unit/cell ratio
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Pt EXPERIMENTAL - PART 4

Relationships betwcen the Dimensions of Influenza-Virus Suspensions

~ . . .

A. Binding-units and infectivity

v

At this stage, a binding-unit may be¢ defined as 'that quantity ‘
of agglutinin which will cause two erythrocyfcs to aggfcgatc'. This i

is what the model is designed to measure so that the definition is a

circular one.

The estimates of binding-unit concentration shown in the

examples in Table 13 (i~vi), however, are made upon infected allantoic
fluid. The values obtained suggest that, under apprepriate circumstances,

one binding-upit may equal one infectious particle. A series of experi-

ments werce designed to test this hypothesis.

Experiment*No. 1. Influenza-virus (PR8) ét?ain'qt a dilution

of'10:7, was inoculaté&wiﬁfﬁj;ﬁg.allantoic sac of scveral cggs at the
-lofh éay of development. The eggs were incubated fér'4? hou;s at 37“@.
For ﬁest;-a sample of allantoic fluid was harvested from a non-chilled
egg ih a si;gle action tp'avoid &bntamiﬁatipn by chick er}fﬁ;ocytes.
'Thg %amfle’was 5§sayed for HA by'monomer count and fo; infectivity by

inoculating into 96 wells.of huhan embryo lung cells on serum-free

medium, .025 ml. per well..

1.

Problems werc encountered with the cell cultures. They reacted * e

r’ badly to the chénge to serum-free medium and did .not produce haemad-

"sorbing plaques until four days after inoculation. The results are,

therefore, probably not reliable.
. I/ m!
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An ﬂA estimate of 1.0§Ef .19 x 108 BU/mlO (.01 cogfidcncc limits)
~was obtained. This is 2.27 times the infectivity estimate éf 4.4 x 107 .
infective units pér ml. This may be due to both insehsifivity of the
cultures aﬁq the fact that only one plate was readabib, the 2 x 107/
dilution. This élate sﬁowed 23/96 wells bosifive which, from the

Poissonian distribution, indicates a mean count of .22 in .025 ml.

B! '. \

.t . .0 )
Experiment No. 2. A sccond assay was attempted in the samc manner

as the first, except that infectivity wag assayed b}‘iHOCulating dilutions '
of virus, 10?7, .5 x 1077, and .33 x 1077 into six cges per dilutionm, \
0.1 ml. per egg by the allantoic route. The cggs were chilled and tested

for haemagglutinin in the allantoig Fluid .48 hoyrs after inoculatjon. ‘:\

Although #t may be argued that the -number of cggs in each group is

“small, the results in thGrETUﬁygfare_consistent with cach other (Table 15).
Calculation of the inf;étivity concentration from the mean for 0.1 ml.

estimated from the Poissonian'distributionugivcs infectivity unit counts ’

. - /
Cof 1.0 x 108, 1.32 x 108, and 1.5 x 108jinfective units per ml., mecan

8

- : ' { . - '
count 1.27 x 10° gql., this count being 4lmost identical with the BU_/‘rnlO

~

observed mean of 1.28 x 108 per ml. , -

’

? Experiment No. 3. - In-a further experiment, allantoic filuid was (f:>

by fad

obtained as previbdsly and the binding-unit concentration assayed at

1.05 x 109 BU/mlO. MN\dilution was prepared to give 10 binding-unité*\\
i ) . - " .\\
" per ml. and 0.1 ml. was inoculated allantoically into each of 12 x 11 T
L . ~
day-old fcrtilé%bggs. - ‘ . . : N

<5 L . )
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TABLE 15

.

o
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Table 15: Egg infectiﬁity, infective unit concentration, -and

BU/ml estimation comparison. :
/,/f?* | Ve Influenza»virus (PR8) allantoic fluid. .
- L. . 1) -
//\ ' Each egg réceived 0.1 ml. of virus dilution.

o

hds
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Lo TABLE 15 - =
Virus Eggs positive/ + (from tables of. Infectivity
dilution - eggs inoculated Poisson Distribution) count/ml
107’ 35 0.85 . ~ 0.83 x 10°
0.5 x 1077 3/6 0.66 - | 1.32 x 10° ®° N
7 | 8 b
' - Lok
0.33 x 10 2/6 - 0.4z ©1.27 x 10 Yy
= . o
BU/mlO = 1.28 x lO8 per ml. - -
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~The tables of Poissonian distribution predict that, for x = 1, the

v»distribution will be .3679 negative and 6321 positive. The predicted

\  number of infected eggs of the 12 inoculated is, thcrcfore 7.5852. The
\
\ observed number of eggs positive out of the 17 inoculated was 7. Again,

i " - .
, as in the previous two experiments, the results are consistent with the

v hypothesis that one binding-unit is equal to one infectioms unit.

b

Experiment No. 4. Two influenza-virus suspensions were assayed for

haemagglutinin by monome; count and for infectivity by inoculating 28 éﬁgs
, per suSpenﬁién with 0.1 ml. of virus dilption by the allantoic route. The

dildfionlinocuégted was determined fromfthe BU/ml._estimdfion, and caléu-

lated to give one binding ﬁnit per'O.l ml. The eggs werc chilled after

]
. 48 hours of incubation and chccked for- HA activity by the allant01c fluid.

The results are as follows:
' 3

The first virus suspension was assayed as:

Binding units/ml, ' 2.36 x 10°
N - . o 8 - '
L Infectlve_unlts/mlo 4.11 x 107 o -
) )
—— P Infective units/binding unit 1.74
The sec'cgnd 5uspensibn was assayed as: ) o
Bilnding units/ml0 1.02 x 10
; . . q
Infective units_/ml0 i 1.58 x 10
Infective. units/binding pnit i.s5 --
~ ' i -

i

‘For these fod}.experimehts, the mean value of egg infective units
(EIU) ‘per binding unit iszg '1.29 EIU = 1BU.

N

K
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'binding units per HA unit.

Binding-units and HA units

'
i
¥

Experiment No. 1. 1Two virus suspensions werc assayed by monomer

count to determine their binding unit concentration using human erythro-

i - )

cytes. The same suspensions we;# evaluated to determine their HA titres,

-

usiné the pattern method, with .2% bovine albumin in'PBS as the diluent, .
and mixing 0.025 ml. quantities of the virus dilutions, which had been

prepared in tubes in ! ml. quantities, ang 0.3% chick embryo erythrocytcs
in round bottome& wélls of micro-titre plates. The tests wcre.allowed to

settle for two hours at room temperaturec.

The results (Table 16), yielded valuds of 5.6 X 105 and 8.6 x 10°

- '?{s‘

Experiment No. 2. Three virus suspensions were assayed by monomer "

count to determine their binding-unit concentrétions and by the plate
method to determine éheir_conﬁentiongl HA titres. The dilutions for the
conveﬁtional test wgré déubling dilutions in 0.025 ml.,quéntitics.u§ing
standard droppérs and 0.025 m}l. Takatsy loops. Diluent, cells, tempecra-
ture and settling were as in experiment No. 1. Each titration was in
triplicate and the arithmetic mean of the reciprocals of the three’
dilutions washtaken aS'thé'aéégvity 1evcl'o£'fhc original suspcﬁsibn,

expressed as HA units (HAU). : .



p

Il

“ TABLE 16

—_—
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Table 16: Estimation of biﬁding units‘per tube HA unit (BU/hAU). '

‘Binding unit estimation was by monomer‘countingJUSing
human erythrocthSu Tube HA was by mlcrotltrg Zuzniquc
using 0.3% chlck erythrocytes and 0.2% b0v1no ag in in

PBS as diluent.

STE i ymemm e
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TABLE 16
. TN T~
BU/m1 . _~ HA titre _ BU/HAU '
2.17 x 109) . SR : o
2.50 x 10) 2.24 x 10° 1:4000° 5.6 x 10°
2.04 x 10°) - - . -
'5.53 x 108)§ - o s ‘ '
‘ e o )
4.41 x 10°) 4.42 x 10 1:512 8.6 x 107
3.31 x 10%) . : B , -4
’ f\\- )
.
\\
o
\.
-~
!
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The results are as follows:

First virus suspension:

Binding ﬁnits/mlb | _2.36 b 508 \
HAU at zero dilution = 133 - o | ) \
BO/HAU - LT 10°
Second viru§lsﬁspension:. i
éindiqg units/mlo' rf l.Oé-x 108_ ' . ' \
HAU at zero dilution g133 L o *
. BU/HAY . 7.67 x 10°
L e . : :
Tﬁ;rd virus suspensionf} _ - E
" Binding ;Litg/mld:b 854 x 105 B\
HAU at zero dilution *1.%3’ - o | | .ﬁé
5 ! K

BU/HAU - 6.42 X 10

Mean BU/HAU for the three suspensions:

1.06 x 10°

C. Binding unit assay by monomer count and by aggregate evaluation

. i % .
An infected allantoic\fluid was assayed by monomer count at a
fldllutlon of 1:2,400. | ' . | R
8

Estlmate of BU/ml = 9.06 x 10

During* the cBunting process, the numbers and valueé of the
. ‘ﬁ )
aggregates present in the same preparation were recorded and the BU/C

éz ratio caltulated accordlng fo the method of Cameron '§ Bradish (1972},

.'_-'1‘
that is,“assuming n- 1 blndlng units per aggregate From this value,

7
g
- RE1] d
R r

e
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m@ltiplied‘by tﬁelstarting cell cénccntration useélto aéd to-the virus
suspénsiocn, the binding unit concentration was derived.

Estimate of BU/nl_ =.6.6 x 105
This finding, that the binding unit estimate by aggrcgafc evaluation®

e
is’ sllghtly below that obtalned by monomer count, has been found on cach

oec351on that the nwo mcthods have bcen comparcd and’ may refloct a true

.‘_

difference in the results obtained by them. ‘ .

.,.\

Relationship. between unit characteristics of a virus

Consider the population parameters of physicai\particlc_count,
f i

‘4 kY

- infective unit count,. and binding unit count. A number of workers have

[

estimated the. equivalence between physiEal particle and'infectious unit

count: Levine et al. (1953) found a mean of 4.05 phy51cal partlcles

i

equivalent to 3.0 absolute haemagglutlnln partchcs (as dcflncd by these

authors) and that 1.6 - 4.8 (X = 2. 88] haema%glutlnatlon part1clc5 WCTC
equivalent to 1 infective unit, so rhat it f¢llows that the ratios of
physical partlcles hacmagglutin’éing partlcles infective unlts.are
3.8:2.81. P1ng -Yao Chcng (1961), follow1rg the dimer- formlng unit
hypothesis of Levine et al. (1953), but worklng w1th STV, fend ratios

(the ‘means of two assays) of dlmer—formlng units? plaque-forming units:
. |

.physical barticiés of 131:1.4. Cameron aﬁd-Bradish (1972}, also working

with SFV, found varying ratios of RBC- RBCIbonds infective units:

4 )
i |

physical particles as followz%f/#/ : i '
' ] ‘ 9.8:1:0.2 (36.3:3.7zl)“

11.9:1:0.87 (13.68:1.15:1)

:1:8. J13:0.11:1 BB
9.4:1:8.83 (1 ) —%%y -

-

26.0:1:1.42 (18.31:0.70:1) %
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If the physical particle to infective unit ratios arc considered, since
these are the most likbly to be comparable, 1t can be seen that there is

.c0n51derab1e varletlon between the valucs obtalned by - dlfferont workers.

Thc,results of the comparlsonsAof binding-units cstimated by monomer
counting and egg infcctivity Teported above, 1mp1y a near l 1 ratio,
which aﬁrccs w1th the dlmcr -unit: plaque-forming unit ratio obtained by

Plng-Ydo Cheng; yet the'emplrlcal results of Cameron and Bradlshr(1972]

‘and those reported in this work, and the Random Distribution and Inters

action Model all imply that the dimers-only hypothesis is inappropriate

as an explanation of the haemagglutination process. - Clearly, a question

needing to be resolved is whether under ideal conditions, it is reasonable

to expect that a 1:1:1 ratio will exist between physicai particles,

infective units, and HA particles, or whether it is possible that some

other ratlo is appllcable' hlch may satisfactorily recpresent thp absolute

conditions whlch exist. "N is pObblblC to proposc a number of ;bndltlons

which may reprcsent the true population conditions of a virus suspension:

L™
B

1. Proportional equivalence ;

The logical conscquences of this proposition arec complex. Suppose

ﬁhat x physical particles = | binding\unit. Then it must be postula-

te& thntAonly 1 out of x physical pérticles_is~capablc of primary

adsorptlon that the remaining x-1 out of x particles are not capable

of prlmary adsorptlon but adsorb secondarlly, that any association

of a number of partlcles <X is not capablc of agglutlnatlng two

erythrocytes, and that the primary partlcle factivates exactly x-1

oy
o

sites in additien to f§§ own..
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If it is postulated ‘that any one of the x physical parficlcg is '

]
&~

capable of adsorbing to an erythrocyte, then it is necessary to

L ' . . N )
postulate random distribution of all the particles among the

available erythrocytes. This would con found the Random- Distribution

Model on theoretical grounds when it has not, so far, been confounded

;o , N

cmpirigaﬁly. Table 17 illustrates this argument. _Colﬁmn A shows

the Poissonian distribution for x = 0.5. Column C shows the multi-

plicity of cvents when X = 6 if 12 physical particles = 1 binding unit,

Since any adsorbed multiplicity of <12 will be ineffective, only )

multipliéities of 12-23 can be cffective as single binding units,

-

and it follows that therc will be a negligible number of double :

A

effective binding-units on the erythrocytes. Alse, the proportion of

efythrocytes having .effective binding units adsorbed is 0.02009, so

that if 12 physicél'particles = 1 binding unit, then it logically

follows'that,.with Poissonian distribution, 600 physical particles

1 binding unit, which is nonsensc. The distribution of the physical

N ‘ .
" particles then, is not Poissonian and, for the condition'of 12 = 1,

e

. the distribution of physical particles must bé as shown in celumn B.

]

llence,  both primary adsorbing ﬁarﬁicles and dependent secondarily

édsorbing particles must be- postulated.

It is then nccessary to postulate:

a)

b)

‘ A;repliéation mechanism to account for the presence of two types

of particle.

A genetic code on the RNA to give risc to the production of the
appropriate proportions of primary and secondary adsorption

particles.
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Table' 17: The nof Poissonian distribution 'of particles in an -

. _ ]
‘ < - cquival&ncc situation when the ratio of physical

‘ ) j
_/;/;>parffgiés'vbbindidg units is 12:1.
B \' :. | ’ ':
R L j

Column A-is the Pqissonian distribution of events

RV ' ‘ - when X 0.5. f ; L ¢

Column B iS'tﬁe'distribUtion of physical particles

-

when 12 physicaliparticlcs-= 1_HA particle and-the HA

-
27

particles arc distributed in a Pdissonian Manner. -

Column C shows hhe Poissonian_distribution when x = 6.

=
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;
TABLE 17 - ,
A "B C

X x = 0.5 12 =1, x = 0,5 T x =6
0 .606531 606531 .002479
1 . 303265 014875
2 .075816 p .044618
3 .012636 h .089235
4 .001580 .133853
5 .000158 .160623
6 .000013 i ¥ © 169623
7 .000001 .137677
3 R . .103258
9 .068838
10 .041303
11 .022529
12 303265 T 011264
13 h ; . .005199
14 ‘o .002228
15 \\ .000891
16 o -} 000334
17 d ©.000118
18 .000039
19 ©.000012
20 B .000004
1 | .000001
22 N

24 ".075816

36 .012636
48 .001580
60 .000158

79 .000013

.000001
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¢) Monovalent HA characterist%&-ofvall individual particles acting

in multiplicities of <x. o RS .

d) A mechanism involving the erythrocyte surface to repder x-1 sites

functional once one has been occupied.

§
e} A limiting.mechanism to avoid activation of more than x-1 sites

_on‘the erythrocyte otherwise random distribution of all the

3

particles must result.

~

Although all of the above is possible, it must be considered whether

it is probable in the light of current knowledge. The situation

where one multiplicity of physical particles is equivalent to an

infeétive unit and yet another is equivalent to a binding unit, lcads
. "~ -
to a number of necessary mechanisms that is so large that acceptabili-

’

;ty‘is doubtful.

Aggregate equivalence =~ 2

If this is considered as a characteristic of the virus population
. ) . .
not necessary. for either infectivity or HA, then it is an empirical

. variable and may be postulated as a ‘variable feature of the virus,
possibly dependent on the physiCai conditions. 1f, however, it is
'poétulétcd that the apgregation is a necessary condition for

~

. . S -
* infectivity and agglutination, then it is also necessgry to postulate

a mechanism, by virtue.of which the aggregate is effective, yhereas
the individual physital particles ‘are not. Since the aggregation is

a featfire of the particles, not of the cell, then the m%ftiiiiﬁ,ﬁEiEf,,,,,,,,f
hs . -

be a feature, of the particles.
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To cach particle must be assigned aﬁ\fpcroment of adsorbing capacity,
which only becomes effective when the increments total 1. If the

aggregate size, and therefore the physical particle:infective unit or

‘ -
the physical particle:binding unit ratio is to be standard value

-

-{followipg logically from an ascribed incremcnt per physiéal particle),
th;n there must also be postula£ed a limiting mechanism that is a

'féature of the physical particlcf‘ If the p}ysicalfggyticic:infectivcﬁ
unit ra;io is different from thé physical partigle:binding unit ratio,

there are only two possible explanations.

-

a) The different aggregate sizes exist simultancously with common

‘physical particles as their sub-units.
b} Two different aggrog;te‘éizcs exist simultancously with different

particles as their sub-units. The aggregates then constitute

separate populations, ene of which is infective and one of which

is haemagglutinating.

The first explanation is not logically possible and the sccond carries

with it the fiecessity of further postulations:

4
[

. a) TWé:types of pqytiCic must be produced, onc possessing the approp-

riafe increment of HA capacity, the other passessing the appropriate

—+  incremgnt ofqinfcctive capacity. To ascribe both factors to cach

particle entails the difficulty that the aggregate form requiring
thé lesser number of incrcqenfs would be the 1imiting one. and the
population would be eithcrjinfcctive or hacmagglutinating; it could

&

L 4 | o ,j

not bé both.

A

v
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b) As with wproportibﬁal equivaléﬁbe{) it must be po§tglatcd that -
there are replicﬁtion.méchanisms and\thglappropriatc gcne£ic
code available for the prodﬁction‘of twortypcs of particle in,
the appropriate proﬁonrions.
¢) The minimum ratio of physiéél partiélés to infective units and
of phySicalrparticles ﬁg binding units must be 2:1 since the
populéfion wil1¢be 1:1 4 1:1. This reéuircé a 1:1 ratio of
infective unitsito big&ing units. Once-this ratio'dearts frth
1:1, then the ratio of‘;hysical particles to ¢ither infective
" .
units or binding units will be >2:1, although the other ratid
. ‘ v
- will 5imu1taﬁcously‘fall to some valﬁ; between 2:1 and 1:1.
A ratio pattern of iil:l;, i.e., 'total identity'; 1s not - -

?
B

logically possible.

.- Variable equivalence

This, if it is”a valid hypdthesié, must be a variant of either
'proportional equivalence"or of 'aégrcgate equivalence', ;nd in
cither case, entails the appropriate complications wi ?, in
Haddition, ‘that of having a separate sct of constaﬁt‘ﬁalues for each
vf?ﬁs under conSideration and/or for cvery diffcrent.set of condit-
ions. With the curremt motivation in‘sciencs bging to sea?ch for
unity of pattern and fﬁncéion,ﬁa hypothesis which defines the’
characteristics as‘being infinitely variable %5 cgntriry to current
attitudes.‘ This does ndt;'of coﬁrée, invalidate tﬁe hypothcsis,.

-

but it does supgest that there may be morc-acceptable cxpldnations;m

SN
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4.

Total identity )

Each individual physical particle inva iably displays HA and

-

inféétivity characteristics. iﬁis if t simplést of all the
hypothcses and there is, at this point, little légical argument
that can be put forward to sugtaiﬁ it: It must stand; however,
as an available refuge if all otheg_hypothe%ps-are'ﬂét 5uppor%ed.

The only study tq'support this hypothesis is that ofiPing—Yaof

¥

Cﬁeﬁé (1961), in which the preéiscs of ‘dimcrs?oniy'éon which the
bo%ding unit calculations depends is open to question. Being
sfmple,.the h?pothcsis avoids internal inconsiétcﬁcics or the
necegsify for postgléting further hypdtﬁbtiﬁa} mechanisms to *

avoid logical inconsisteﬁEibs'qr to make it feasible. Yet its_very
. [

e

e

—

simplicity may be the foundation of its invalidity..—"

F

"Partial'identity

- may do this under precisely specified conditions; it can, however,

The 1nferencc here 1s that thc values for physlcal partlcle count,
infective- unlt count and blndlng -unit’ count are measurey¥ of P
dimensions of the population of particles, that there is some prop-
ortidn of the-éart%?leé which have total identity, some physical‘

particles which are effective in infectiﬁity‘br HA, and some

a

“proportion whlch p0551bly is not effectlve in either of these cate-

gorles. The hypothesis’ does not postulate a flxed proportion, but

[

‘accommodate variations in any dimension either between prepdrations - J

or over time within one preparation. The key feature is, -that it is

postulated that some proportion of the particled in a pobulation,

under hprmal conditionsﬁ will individually display physical particle,

infectfvity, and HA characteristics. ‘ . .
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. 6. Spurious identity - e ' -

The essence of~this hypothesis is, that therc is no a priori reason.
for ascribing identity two measures of a ptpulation which are
equal, or partial identity)to two measurcs of a population which are

not equal, they shpuld be treated as independent populations.

There are two.possible logical consequences of this approach.

1 Y . .
1. A virus population contains threc cntities, one secen by EM
‘ l - . '
"examination, one not secn, but having infective characteristics

and carrying the. code for the production of all three entities,

and onc not secen and not infective, but having HA characteristics.

2.7 A virtus populdtion consists of threc types of particle, one scen

by EM, but lacking infectivfzyiar HA characteristics, onc sccnﬁ

- . ) } . 1
and having infective capacity, and one seen and-having [IA

N 3
capacity. : T

r ) o
The first cohsequence.is y?rtually a Sponténcous géneration doctrine.
The second fesults in the ﬁccessify fo postulate a genetic.code and
mechanisms- to produce mﬁltiplc pariiéles, although thérc is no
'ﬁécessity_to postulate constantlp}opoftions, mefely two, or perhaps
thrgé, types of particle.
The' choice betwéen availablesadternative e#planations can be m;de on

B - ' b : .
'philosophicgl grounds, or on the basis of key experiments designed to

eliminate somé of the alternatives, or both. ' .

&
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Philosophically, a choice éap be ﬁhde on the basﬁs of the Principle of i
Parsimony, or Occam's Ra;of. This may be paraph?ased in modern English

as "given that two hypotﬁéses save all of the appearances, the more
simple‘;s the more likely to be #rue”u This is not'to=say_th5t én

explanation will be true because it is simple, but that this is the

formal criterion to use in the absence of others being available. ’

Considering the six hypotheses on this basis:
'Total identity' must be eliminated on the groun&s that the available

data lend it no support; however, it may be a special case of 'Partial

. > ’ - <
All of the 'Equivalence' hynotheses, and' the 'Spurious identity' hypo-

identity'.”

thesis entail postulations of multiple particle types and comﬁiék’ CE
mechanisms to account for their presence. There"is no data to support

* the idea of two types of particle being coded for and produced by a cell

under normal conditions.

\ " : &2

The only acceptable hypothesis then, would appear to be that of }Partial

identity'. This allows for the presence of all types of particle without / i

*a

pbstulating Special,mechaniéms for their production, accommodates the
idea 0£ decay of one characteristic without prejudice to #ﬁé others,
e.g., déégy of infectivity in influenza—virgs in allantoiE fluid without ;
. loss-of H&\titre‘(unpublished data, 1955); and it is consonaht Witﬁ the — L\\\\’
varying ratipé of physical particles: infcctivc un&ts; Hﬁ'nétivity
i pubiishcd ink¢helli£eraturg since the.reéults of@ﬁny stud; can be so ' o
. ! .

presented, it is purely a mathematical exercise.-

i

t ! ‘ ’
- :' :. .. N » -

—— |‘ - " . . M 1
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*In addition 0 the philosophical cdnéiderations we are now in a position

key ncccssary cgnsequences of the hypothesca Table 18 illystrates a

programmc to detcrmine which-hypothesis is the acceptable one. The Rcy -

~experiment is that‘of EM examination of dimers for this differentiates

Y
~

thc "Idéntity' hypothesis from the';Equivélcnce’ ones. ‘The von Magnus-
phenomenon,  particularly as analyzed by Fazekas de St. Froth (1955),.

1mp11cs that the 'Total identity’ hypoth051s can be ellmlnatcd 1mmcd14tcly .i.

The only otHer experiment required is to determine the infectivip

F7 2N .
cluted from erythrocytes.
]

4

A freshly prepared influenza-virus allantoic fluid, fO), was held at 4°C

to be éssayed.. Concurrcntly,‘an aliquot'was absorbed at 4°C for 2 1,

hours on a rotator using 1/10th the allantoic fluid volume of packed,

washed, human erythrocytes. ‘The preparation was ccntrlfugcd in thc cold
to dep051t the erythrocytes and the supernatant flu1d " (ASN), removcd.

The .erythrocytes were-thrice quhed and rcsuspended in. fresh,  normal
. P . v i . . .

allantoic flluid and_ihis preparation ‘was heated at 37°C in a water-bath
: for'threé;hour§.' The erythrocytes were deposited by centrifugation at ﬁobm
temperature and the supernatant fluid (E), was removed. Fluids 0, E, and-

ASN-Qere assayed‘by, monomér c¢ount and tube—HA for hacmagglutinin.contentrr
ation, and f1u1ds O and E by 1noculat1ng into fertlle ngb 0.1 ml.
allantoically at an estimated 1nocu1um of 1 BU/egg, 28 eggs per fluid, for

»infectivity. The eggs were chilled after 48 hours of incqbafionth337°C.;

and the allantoic fluids tested for haemagglutinating éctivity.

-
LS

2
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data presénted in Table 19 indicate that:
The proportion of agglutinin adsorbed by the crythrocytes was 99.6%

of the initial population. L - -
The proportion of adsprbed agglutinin cluted from the erythrocftes

during three hours of incubation.at 37°C was 48%. -
\ A o , .
There was a dif¥ercnce of 10% between the infective  activity of the

native and that of the cluted virus.. This difference is probably not

5ignificantf“‘ . Co. _ ,
. . '1 - . . . N - 'i
The pooled results Aerived from the thfﬁq materials tested yielded a

o (U . . .
value of 1.06 BU/HAU, -~ - o ,J;i
: | o ' £

When the mcaﬁ'df‘the infective activity figurcs is applied to the mean

BU/HAU the fipure of l 74 X 106 1nfect1vc unlts/HAU is dcrlvcd This
‘ .

- figure compares favourably with the-results of Channock and Sabin (1954)

/

the

w o
from three sets of whose data can be derlvcd a mcan value of 3.96 x 106

v ¢
i

infective, unlts of WEE- v1rus per AU, but is approx1matcly 10 tlme the

4 —

mean of five values glven hy Lev1ne et al %1953) for 1nf1ucnza v1rus,'

0. 15 b 4 10 1nfect1ve units .per HAU. — ' . - ﬂ 

absengce of a 51gn1f1cant dlffcrcnce thWCCH native and eluted v1rus

-

in terms of 1nfect1v1ty 1nd1cates that binding units and 1nfcct1ve units

are not only equal, they are probably 1dent1ca1, : o ; k\“~‘
L ' < - . ' :

L
'

N ow

a

the data'of‘vaine et al. (1953) glves a mean of 3. 8 1nfluenva v1rus

pthlcal partlcles per 1nfect1ve unit, Ping-Yao Cheng (1961) found 1.4

physlcal partlcles of SFV per plaque formlng unlt -and Camcron & Bradlsh

\ .

(1972) found a mean of 0. 7 phy51c31 partlclcs per 1nfect1ve unif, also

using SFV. . The 1nf1uenza v1rus result then ‘implies an 'equivalence' .-

L .

’relationship, which infers two types of particle etc., whilst the results

-

4
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Tablc‘19:

eluted from erythrocytds.
Infectivit?xand binding-unit: HAU ratios of native,
r absorption of

LEGEND _
s |

Comparison 6f native influenza-virus (PR8) and HA

felutcd, and residual agglutinin afte
"

_the nativelma

E

3

terial with erythrocytes.

|
\ . .
. \ . e
= ngtivé\mat\rial ok
T - ¥ !
= HA ecluted from erythrocytes during 3 hours df'

/.

1

 holding at 37°C
residual material after absorptibn of the native

R

SNF =
material with erythrocytes
L )

1]
BU = binding units
L : .
IIAU = tube haemagglutinating units

infoctive units

IU =

=
. e
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with §gifiﬁﬁif ah l7'1dcr*ati._ty' rclationéhip,liq whiéh casc'it féllows o
from therva Magﬂus qffcétagndkxhe infccfivity of cluted virﬁs rcsulis
ithat the ‘Partiai'fdcntity‘ hypothesis is probabl& the'approﬁ?igtc one,
"It may 51so,bc aréucd ihat:thé inflaenza results fit the 'Partial - /F: e

identity' paradigm and that it is tradition that has produced the habit

of thinking in terms of 'Equivalence'.

Y

’
-




“tion of the immune- status of women before,

.fof such cases stem from iﬁadcquacics inherent in the HI test.
with most serological tests;;thp Hi is an end-point-of-reaction determina-
tion. As.such, the sensitivity is a function, of the technique used, and

test-retest stability is a function of the degree of standardization .

- ‘ - 142 L . | z B ,

- DISCUSSTION . - o

The tcchniquc_qf-assaying Rubella-virus antibody by ﬁéans of . the

HI test has found one of its most important applications in the determina-

W el L

and during the first trimester

of pregnancy. - . ‘ o
] .

Some ‘of the problems encountered by clinicians in the management

_In common

Y

.achieved in the laboratory situation. This type of test is“extremely

. T . N . T i . .'."- Y
difficult to standardize across two dlffereqij}aboratory situations, and

the problems éntailed in standafdizing a test on a country-wide basis for

!
cpldemlologlcal studlcs are cnormpus A problcm common to all end- p01nt

tests is of dec1d1ng at what lcvel the serum dllutlons will start.

A common startlng dilution is-'1:4, another is 1:10. Way one or the othcr°'

JIn fact, why cither? It isleasy to make a case for ¢ither .one when -the A

o

conccrn is thg/dlagn051s of acute infection with, for-example, respiratory

&
Ed enteroviruses, for) the objenklve here is to demonstrate a rise in
v
dﬂ;ibody-tifre, although hete the arbitrary,mlnlmum dlagnosnlc risc of
N . . o - : .

‘ v ) : N . . o N . o
4-fold is a function of the historical experience that a serum titre-can
: J i

- "

. vary by 2-fold in the test-tétest situatipn. . o ' o ST

& L. . : ' 1
- o ) Lo . . .

Y . s



3E§f . In the case of detetmining whether a woman is at risk.with respect

to'Fubella—virus infection

>

, there appecars to be no clear-cut answer as to
L Why a parttiﬂlar-serum di;utioﬁ is uscg as the lower level,*unless it is
that this is the dilution which is produced by the prc—test serum treatment

favoured by the particylar laboratory.

- " n " . . . i ! ! . , ' N
Whatever the rcason, there is currently no way of determining the
B . ‘ . ! .o
absolute immune status of a patient. This raises the question of what it. ..

is that is meant by th¢ terms 'immune' and 'non-immunec'. Since the minimum

serum test level used is arbitrary, these terms themselves are arbitrary;’

: ) ) . ’ - . - - . ’ * - - hel ’
and studies on- the correlation of infection risk or infant abnormality with

the immune status of the mother are bereft of some of their value.

A fufthqr'complicating factor is the antigcn dose aised in the test.
\\-—.—._-\“ N

In the complement leathﬂ ‘test, thcre is 11ttlc room for arbitrary

- ‘ s
»

\% : . dCClblon mﬁk1ng,-51nce many antigens qhow a. morc or-less clear-cut optlmum

"concentratlon which will ylcld the hlghOSt serum antibody titre. In the |

. _ ) 2
JII test in common with v1rus—neutra11zat10n tests tpo sen51t1vs\y‘df the

-

¢ o tcst is a dlrect functlon of the’ conccntratlon of the antlgen in the"system.

© - vy S

4
Theoretlcally, the absolutc rcact1v1ty of a serum would bc known if this
L -

) — ’ - 2

. could be. stated in tcrms»of the neutrallzung equivalent of some absolute
l

: quantlty Gf"csf antlgenj but thcre 1§ currently no known absay system

3

‘which’ w111 glve ap absolutc quantlflcatlon of HA antlgen. Thc current
T .

r

an lnverse rclatlonshlp to.the erythrocytc concentratlon In the test

, / A IJ /

v51tuat10n, the asscssed rcact1v1ty of a patlent s serum is.a function of i

: the ‘interaction, of the concentratlon ‘of erythrocytcs and the number . of.

W
2

aﬁtigen.doses seiected for the test. . A negative result is also dcpendent

o

~

-, mcthod of pre- tltrﬂzlon glves a rubella antlgcn titre, or dose, which bears:




- 144 - .

~upon the starting dilution used  for the serum.

P f
When there is- added to
" this the pH sensitivity (llolmes and Warburton, 1967; Stewart ct al. 1967

- and Lieberbabér, 1970) andQFemperatufp dependence (Stcwﬁ&t Et‘al. 1967)

LY

of rubella haemagglutination and thc-thermo=stability problcms liablc7t0
be cncountered with the antlgen nrobably the only way to .achieve.test-

retest stabllaty 15 absolutc standardization of cvery facet of the test
Situation. ’ P _ v

Oné approach which‘ﬁay bé used to try‘to overcome the ;bové:
problems ié to invcstigaté'theconventionaltcst;.to ;ry to pin-point and
correct ingdeqﬁacies in the test and in the reageﬁts used, and to tr} to
%gp?oVe the stability of the tést in ordér that. advantage may ‘be taken of |
an 1mpr0vcd scn51t1v1ty of antibody assay In this way; 1ow—ievel reéctors
who would normally show a ncgﬁtlvc rOSult may become 1ncludud in thc o

+

© 'immune'’ category ThlS effect-ﬁay bo enhanced bv dCVlSlng methods of

10w0r1ng the dllutlon threskold However, ltho threshold WLll still exist,

—_—

and the placlng of a borderilne reactor ab&vc ‘DT bclow 1t will bc a
| 1

functlon of the antlgen dosé uscd in the tcst Thesc two factors, tha ’ff\\i\
. . S

l

antigen dosc ‘and thc 411utlon threshold are the ultlmatc dgtcrmfﬁants 1n el

-

the c11n1cal evaluation of 1mmun1ty to foetal 1nfect1on durlng pregnancy.
An altcrnaRIVE approach is to attempt to produce a mbthod which will assay
_\antlbody conuentratlon in absolute tbrms . This wgﬁld fac111tatc cllnlcal

o studles h@vlng an absolutc frame of reference add would engble thosc in
° T'\l ’ - ‘ ! ¥
“the clinical field to give a clearer meaning to";mmunlty'zl ‘
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Standardization of Rubella HAI Test

Temperaturce of the test _ ,
. ‘(A, 3 t ! )
{ ’

For a numbbr of years, ic pﬁactice has been to carry out all

rubella HI tests in a coldjroob-at:4°c.- All reaﬁents and equipment are

stored in the room to ensure'thgt there can be no confusion ahout when and

. where reagents should be cold. This is nor\cntirely clear in the CDC

'
hl

Standard Rubella HAI Test Procedures (1970) where the instruction is. that

TAll reagcnts must .be coolled to 4-C before use in the haemagglurlnatlon-

/

inhibition test'. There is no instruction that the four steps of serum
~ . . . : ' )
dilution and“addition of antigén should be donc at other thian room tempera-
ture. However,.the test is incubated fof one hour at 4°C, aftgr which cold »

" RBC suspcn51on is. added. The insgruction. to add RBC's to cach plate
ot

. . .
separately to av01d warmlng the reagcnt' when a largc ‘number of platcs are .

4

included in ‘the test implies that: the progcdure rs b01ng carrled out at

room temperature This technique has-standardizafion probléﬁs in that the
. “ . y -
upper . limit of temE\Jature tolerance for rhbella -virus HA reaction is not

~ known and varlatlons due ‘to dlfferlng tcchnlcal stqff and work pressures

"arc 1mposs;ble to deflnc Thls problem is acknowledgcd by thc Flow
.Lab;r;;orlcs (l973] manual thrg tive suggestlon is madc to work with thc
'plgte;\rg\lcc—trays Carrying Out the cntire test in the cold room avords

all-uncertainties»in';hls area. : o b C
} ' o |
Vo ‘ . .

Chick cells ' 3

The 1nstruct10n dissued by the CDC (1970], to/blecd one to threc- -day._.._ -

old chlchs is followed by Flow Laborator}es (197%) Thls procedure i% in

[

accord-with ‘the recommcndatlonb of workers since the orlglnal publlcatlon

6§/;:;;;::\E?ﬁp . (1967).f-‘ A T L o

=
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'
However, thQ:SYStCm has inherent dieedvantdqes: f é
. Ty -
N L N
a) New chicks must be hatched or bouglit in at intervals. - O

- b) The cells must be stored in Alsener's'eolution so that they vary'in_

quality over time, although it is alleged that they can be stored for .

e

i . . R . ' : B
up. to~six weeks for use. S v
t\e\\H\&\f 2 ' : ) ‘ o

- : —— . : : N
c) ‘The task of bleeﬁﬁng OHE*to\thzge_day-old chicks is one which'is S T
. L —— . . SR
_1ntense1y dlsllked by many technologlsts T e " v
The pract}ce of blceding 14-16 day- old embryoe in-shell hab ellmlnated allq T

chlek erythrocyte supply problems The fertlle ggg Is the” 1dea1 storage
vehlcle for chick erythroeytes they are avallable flesh on any day, arid _,

. the technicadl staff seem to be unaffcctcd by blﬁzgk! g into the
§or
allant01c sac and harvestlng the f1u1d Rubella HI tebts arc pe formed 1n
,.\ o

|
éthe}laboratory two or three times e:f? week. ' -No~ varlatlons in te results

\' .

have been experlenced durlng the several years that embryo erythrecytes

! } 6 7
I

&ave been‘used_and even when stored sera have been re-tested for some . o
diagnostic purfose,np to tvo xeare after the initial,test, the titre has
been repredueed.- Jhislgnggests that thete is little, if anf,}vatiation‘in.

la . '
sehsigiVity‘amenglthe erythrecytesxof individual, or‘groupe'of, embryosS

h )
. .. : -
Y . n 3 e o

iAﬂtléén stability.
Y The 1mpre5510n galned from the 11terature is: that the Twecn 80— C g
dlethylae{her treatment of Norby (1962), when applied to’ rubella -virus,

produc&s enhancement of the HI: titre (Uolmes and Warburton, 1967), and ‘an

agglutlnln chleh is stable for up to one hour at room temperature and up
to 12 hours at 4;C (Lleberhaber, 1?70).‘ ) ) T e ‘ .



i R ) A

Antigen instabilily, experienced over a period of time, and examined
~in detail in the experimental situation, is not in accord with thesé - o 3

workers rasults; thlS discrepancy in flndlngs may be duc‘sgﬁthe techniques

4

used. Holmes and Warburton {1967) did not rcport stablllty prgblems so

.
™,

presumably thesé“were not encountered; this may be due to the fact that

they eluted thelr virus at 37°C bcfore trcatlng it w1th Twecn- SO/thcr

. ) Slnce th;y do hbt report otherwiscJ it tan be presumed that th treatment
ﬁﬁiﬁ ¥ was carried out at, or néar, Toom: tcmperature;ab in the orlglnal tcchnlauc
th? for mcasles.VIIus (Norby, 1962). 'Lleberhaber (1970) dlluted hlq TE-HA
_‘in‘HSAG, bH 6.0, at 25° c to contaln 8 HAU/O 075 ml' This materia /

then chilled'to 4°C. A 51m11ar‘preparat10n in HSAG an 6.2 was prepared

I

. in the same way and held at room temperaturc. The procedures‘of boti

e

workers would probably ensure that most of the-low stability (Lsxisﬁhponcnt, R
- 'fhﬂlich is posfulated as, a result of the work'ih this papcf ;wpuld have
dcgrdded by the time that- the materlal came to be tested, and only‘thc'more

x stable HS component would;remaln. Workers u51ng the CDC rubella- HI method

f

- routlne]y would also not enCOunter stablllty problcms since, for antlgcn

-titration, an 1n1tial d11ut10n of antlgcn is allowed to stand at 4° C for

A 15 minute§ it is thcn diluted and agaln allowed to stand at 4° C for 15 .
, ., = K
minutes aftcr whlch the cclls Lare addcd R\{Frcnce to Flgure 4 in thc text'r E
» ‘ C\

“shows that thc postulated LS component has reached zero conccntratlon aftor :

-

35 mlnutes at i c,\so that 1t(wpu1d not be, dctected by the CBC t;tratlon ﬂ

technlque Th1s corresponds tb'our own practlce of- titratlng the antigen

undcr thc condltlons of the test.

.

]
R e ali



con 1der1ng the effect of undetected antlgcn at- hlgh pH values

e,

e
<

1 > 'l - ’ ”
A qucstlon whlch stlll remains is whcthcr the decayed antlgen

3

present in a preparatlon whlch has degradcd to somé 5- 10 of 1ts or1gfua1

titre can cause interference by blocking antibody;.even though'it is not
,: -~ - n

capaple Bfrcausing effcctive'haemagglutinhtion Lieberhaber (1970),'1n

concludes

-

v\a

_natlon pattern at temperaturcs ‘at 'which the free agglut1n1n 1b/unstab1e

._.,4 r

(Flgure 4, Table 7) offers not only an altcrnatlve antlbody tLtratLon

| t

system,ibut also some Jndlcat;on of the rate of gdsorptlon of aggQUtlnln

Lo

to erythrocyteé It was seen (blgure 4} that the degradation of the LS
b . T ] — ¢

component is complete w1th1n 35 mlnutes yeththe concentration sh@wgno
. —

. .//\ . . ! . . ' ot

detectable fall.during_thls time when it is adsorbed on-crythrocytes

v

(Figure 2).. It must be concluded, therefore, that the rate of adsorption
e - . 4. L v - K .

is- far greafdn than the rate of degradation. "If the adsorption time were

.

much more than virtually zero,'a_far higher starting level than 575 in- -
g
d h ‘. ) .. , . +

Figure 2, would nced to be postulated When‘therseme type of analysis was

\ ' -3 )

-carrled out on éhls data as -on that used in Flgure 4 :the slope of the.

L4

}}Qii for the LS and HS components indicated 575 to be the true zero time

.—-..._\

»aet1v1ty level. . - f B ' | L . . b .

L}

that th ~test. w111 be rendercd 1nscn51t1ve' The’ stab lity of the agqfufif

P

P

i
{
!
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g Haemagplutination-Inhibition and Haemadsorﬁeien Rerersai ‘ o S

L

. It was secen: that there was an 8—feld'improbement in entibody'titre:

_ by HAR overﬁll. There are a number Q£ possible explanatIOn% for this.

The two fold 1ncrease in antlbody/tltre achleved at 4 C,by omrtt1nq kaolln: ‘.

treatment may have been due to removi& of globulln by thc kaolln

(Lleberhaber 97?), the same effect was not observed when the tht was

. ) Ehnrleezout at om temperature however, where the fe;a;‘tltre is margl-

“‘"\ ! ' & \
nally hlgﬁéﬁ than at 4 C with both serum trcatments glVLHg ‘the Same T

REEr

- results, It 15 unllkely that the effect was., de; to r051dual non- SpClelC

inhibiters or‘reveraal factor% blqce there Was no . ev1dene9'of inhibition

-

or reversal by the@hegatlve serum,. The marglnally hlgher antrbody titre =
at roé;

temperature may have been due to sllgki 1naet1vafnon of antlgen at ’ﬁ

‘thjs temperature, but the 1naet1vatgen‘eannot ¢ severce or a 'tail' of _
. o > B
partial’ rcactlon would have been apparent as in Table 6 at the l 0 and .67 oo

a

unit levels In the test in Table 8, there was the normally rapid - — +

. tran\ﬁtlon over one d11 fon gtep. C. :
. ' S \

\' -

Another faetor 1n 1nerea51ng aSsay sen51t1v1ty may have been the

<

‘lower antlge?rdose used in the HAR test, 2.3 units as against 6.0 units in

the HI test. If thlS were_so, the 4<fold increase in test sensitivity was

achieved by means of % 2.6-fold reduction in antlgen concentratlon The
results may be substa tlatlon for the suggestlon by L1eberhaber (1970)

'_that fhe presence of undet cted antigen may leqd to test ingbnsitivity; in
" .the HAR test there is llttle oT no superfluous or degraded antlgen present :

if the eells are sen51tlzed 1mmedlate1y the antlgen is reconstltuted The
v

1nd1v1dua1 contributions of the above factors would'prqpably be diffieult.
N . . 7 ) - ..

to determine, but’ the overall cffect has been an 8-fold increase in test

o ’ - - i . ’ ) ’ ; ,.‘
. sen51t1v1ty, . : , N . .
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‘ The rebults of the attempts to use

goat antl human IgG suggest
that a more complax 1pt%at10n may ex1st in the arca of non- épec1f1c

1nh1b1tors _and reversal faceors than is 1mplled by the Nork of Llebcrhaber ot

(1970). It is clear that the data can only he satlsflcd by pObtuIat1ng a

2- part factor in goat serum whlch 45 capable of actlng, not only to -
- ' -l
inhibit qgglullnatlon but also to reverse the effect. The nature of the

camplex is not-known, nor is it known whether it is, indeed, a complex, or -
= . : . .

...... - . two feepers_acting_sequentialby.' ‘'This feature of the work is 1mportant if

it is necessary to use non- human sera- 1n the test whcre it'is not known

~ . it

what specific dlffereﬁces ex1st= It 1s- clear that each spec1es would

-

requ1re careful prellmlnary 1nvest1gat10n befqre belng uscd in -a rubclla

el

CHI or HAR test.

ta

. L. - T e
Lastly, it would appear that 1t is p0551ble _undgr the Tright

condltlons to ‘use “anti-~hum giebulln sera to 1dLnt1fy the reactlng globu—
r———

- lin in the HI or HAR" test. If these arc to.be useful, howeyer, they must _ { .
~ ) :
be functlonar*w1jh sera "diluted only 1: 10 or 1: 120, wherees the Hyland

T

product was found to.be effectlve agalnst only 1423rd of its own concentr-
N .
. ation of human serum The use: of an antlserum of such low potency in a’
J
&7 .
routine test situation would be 1mpract1ca1 as fhe serTum coulg)not be

4

treated and used at a high enough concentratlon, and - the cost‘yould be \
prohibitive. “The need here is for hyperimmune serum giving at least a *
1:1 ratio-for, complete neutralization of the globulln present ln normal

. - ",
hmmnsenm : . . L
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“flgure is a'reasonable Leprescntatlon af reallty ﬂle results of work on

‘this needs to be prec15e1y estimated, not absolutely fixed. The counts

- {

K

-

Binding Unit Estipation by Monomer Counting

3 . .
. ol

, ,
An altcrnatlwc to preparing hyperimmune agti- human Iqb serum would - ‘

be' to make the HI.or HAR test even’ more sensitive, but the lmpTCSblon
]

galﬁcd from ‘the work so’ far is that the limit has probably been rcached 1n

Q .
termscgf a uscabie tcst for day to-day work. The Wk of Camcren and

Bradlsh (1972) is fruetratlng in that it uses an estimate of the b1nd1ng—

o~
unit conccntratlon yet ultlmately YIOldb a sophisticated end- p01nt tltrd-

tion method ThlS is probably due to several fae;ors the estlmatc

obtained is dalution dependent, it is by no medns certain that agglutlna—

el

tion has proceeded to cempletldn .and, thorcforc the results are Fclatxvc

and, depcndent upon Tlgld test standardlzntlon and the underlyiné assumpt—

’ .

;on of RBCs in excess has no valid foundation. The theoretical model that |
has been ceqstrueted in‘this.Work is unrefined. For instance, only one

point is.estimated at each lcvel for Figure § shoulng the rclatlonahlp of

3 -

blndlng unlt concentratlon and reSIdual monomerﬁ after rcactlon to ‘v '
- .
cbmpletion. Cloarly, for this Fagure to show the absolute relatfonship,

» e

s

- LY

there should be some 30 p01nts at each level, but -this is not reasonably LT

p0551b1e by hand calculatlon and would need the use of an apprOprlatcly

programmed computer. Nevertholcss therc is a hlgh probablllty that the

~

r

‘cell” concentratlon, countln range and time of reaction-indicate that tne ///

&
conditions must be‘gerefully predetermlned However, once the condltlons

i
Y

have been estﬁhllshed the constraints are m1n1ma1 The starting count
+ r . -
needs to-be in the order of 40 to 70, but preferably the lowcqulevol - N

¢

r . -

after reacxlon need only to, _fall between the. 1eve1 determlned by the o o |

.
e

-
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" lowest countlng lcvcl (17) angd the upper

-50. Levine et al. (1953) estimated valubs varying from 1.6 to 4.5 Influcnza
' HA 'partlcles per egg 1nfcct1ve uhlt, although “the premlse of their mcthqd

- of estlmatlng HA partlcles was probably 1nappropr1ate i.e.,ithat the

-partlcles per egg infective unit. Plng -Yao Cheng (1961) roported 1. 05 and
\

M N

“b). The method of assaylng the. HA concentration is g1v1ng an absolute

limit o.f linear rcSponqe (b~8ﬂof .

the startlng count) The overall .effect is tq give a very flexlblé qsqay

tecﬁnlque whlch is capable of measuring the absolutc concentration. of 1IA

blndlng units, and gives reeults which are not'substantially different

from those obtained By direct aggregate &valuation. ° - | |

Relationship 6f Binding Units to other Parameters
. . ’ ' - -‘\ .
Although it has been shown that, under the right conditions, there

may be 1:1 relationship between [A binding,ﬁnits and infective units,

. - *

there is no a priori. reason to_suppose that this always is, or neceds td be,

\

aggregates are dlmers only. For NDV their estlmates were 1.8 and. 3,2 HA
!

(.94 dlmer-formdng units per plaque—formlnq unit of Sémllkﬁ/FOICSt Virus, A

and Q%peron and Bradlsh (1972) worklng w1th the same virus, gave bond:

‘r

plaque-forming unit ratlos varylng from 3.8 to O/ 12, using concentrations

9 .
of plaque—formlng units varying f;om 1.0.x 107 to 0.62 x 10 per ml.

.
< - ,“_.-____.

This probably says, very little. For an HA unlt\ 1nfcct1ve—mngt ratio to.

i i

be meaningful in a particular 51tuatloqf it is necessary to know that:

a) The preparation.is such that infectivity is not likely to have
RPPTEClablY degraded during storage “no matter hbw'short this time. .

€

value. - | oL ‘ o
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None of the above workers satisfy the sccond condltlon and ‘there

v

&Fe no criteria Dy which to judge the F;rst

- = - . . ’ )
The empirical, work reported 1n this .paper appears to confirm the

,hypothe51s upon which the thcoretlcal model was prcdlctcd so that it is
probable that the monomer countlng method is- a\saylng the absofﬂtc

conccntratlon of blndlng unitg.

- 1

f . .

When the allantoic fluidy were prepared for ‘the infective-unit:
A _

. binding-unit ratio estimation%, tley were ihoculatcd'with approximately

10 1nfect1ve doses of virus and harvested at a time in the v1rus- -
I .
'productlo cycle: when viris from'the firfil step was probably just being

N

released dgto the allantoic fluid. It was reasened that, 5t tﬁis.éﬁngé
there would be as high a proportdon of the virus population as p0551b10

showing bogﬁflnfect1v1ty and HA act1v1ty In the two experlments.wh1d1

e

showed a 1:1 ratio of HA blndlng unlts to 1nfect1ve units, the freshly

£y

‘harvcsted fluid §as held at 4°C only 1ong enough for thc B/ml st%mﬁee

(- :
to be made, approx1mately 3 hours, beforereLng inoculated into cggs.
In the third experiment in which this -ratio was assayed, the time at ch
from harvesting.to egg inoculation was approximately 9 1/2 hours due to'

washing the aggregates and eluting the virus from thenm. The first

o,

xperiments yielded IU/BU rayies of 0.99:1 and 0.87:1. The third experi-

[

ment with the- long holding time gave IU/BU ratios of 1.74:1 and 1.55:T.
o

7 Experience with storing influenza-vifus‘infected:allantoic fluid

/ ) . Y : -" 'r- . -
ecays more rapidly than haema glutinin, $0

’

indicates tﬁat infectivi

.

)
yé\change from <l to in the 1nfect1ve units equ1valcnt\F6 one binding-

'un1; is probably due to experimental varlatlon rather than é\cay of |

..>?\S-_4/3' - f .
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haemagglutinin. The four results being considered cover exactly a two-

fold range; if this is consldercd as due tg Cxchlmcntd.I variation, the
.

mean of the valueb may be taken and calculatcd as 1.29,

:

standard

deviation 0.4237 The valuc of 1.0, then,

%

below the mean and is not 51gn1flcant1y dlffercnt from 1.29.

is 0.686 5tandard scorc units

In otheor

words, these results are compatible with a 1:1 ratio of infective units
] )

to'binding units within the variation of the
If the five ratios of physical partlcles 1nfcct1ve partlcles given v

[

by Camecron and Bradish (1972} are treated in the same manner as-abovc it -
’
is found - that one phy51cal particle is equlvalent to 1.33 infective

experimental results.

partlcles standard dév1at10n 1.41, when the'valuc of 1 is 0. 2a4 st?nddrd

score units below ‘the mean. Again, the data are compatible with a 1:1

* -

ratio within experimental variation. -

. ‘_\ - . ] ' -
The conclusion that must emerge from the above data, when - - . .

‘considered in conjunction with the'von Magnus cffect and.the approximately_
N A - . .

equal infectivity of native and eluted influenza-virus discussed previously, = 7

. . ) ST /

] ' T~

is that it is qpite possible-to have 1:1:1 ratios of physical particles:
infective particles:binding units. However, the very variable rosu;ﬂi'
obtained b} workers, fnfers that this 1s the exception and that the actual
n/. LN — e
result probably will abvays be a functlon of the conditions of the parti-
R -
cular experiment under con51derqt10n. The flnay/;ord on this must awalit

the outcome of investig;%ioﬁ of-the'number of physical particles that are

associated with a dimer and-the distribution of physical particles on

erythrocytes at varigus calculated BU/C ratios. Although there is a fair



. the concept of 'equwalcncer can be eliminated from the available

.'of agglutinin which will be the basis for a method of absolutc'quantifi-

- 155 - ‘ .
. . ) b oo
A
amount of cvidence to support the view‘fﬁﬁtwfpartiul identity'. ie the ’
truc representation of reality: it is only by
“

physical particle is capable of agglutlnatlng tho crythrocytcs that !

dcmonqtratlng that one -

hypotheses. Also, this is the only empirical work that can establish

unequivocally that one binding-unit, as estimated by the monomer-

¥

counting technique, is one ‘agglutinating particle. Tt is of paramount

importance that the EM studies be carried out.'

i

If, as appears likely, the monomér counting technique estimates

what the Random Dlstrlbutlon and Interaction Model predicts that it

.r

bhould then there w111 be avallablc a mcthod of absolute quantlflcatlon
-

catlpn of antlbody If this can be achlcygd and applied to individual

fractlons of sertm y- globulln then seroloé& will take its rightful

place in the armoury of the d%agnostic laboratory. -
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