
Assay of togavirus haemagglutination-inhibition
antibodies by the micro method:
loss of information and its rectification
Y. AKOV1

Haemagglutination inhibition (HI) activity was assayed by the micro and macro
methods in immune sera prepared against four togaviruses. HI titres were always 4 to 8
times lower by the micro method, and coincided with 4 to 8 times lower haemagglutinin
titres in micro method assays. Because of this phenomenon, positive sera with HI macro
method titres lower than 1: 80 will be false negative for HI by the micro method when tests
begin at a 1: 10 serum dilution. This was confirmedfor a number ofhuman sera testedfor
West Nile virus HI activity. As a consequence of the difference between titres given by the
two assay methods, results ofseroepidemiological studies may be distorted. Use ofa system
that combines both the macro and micro methods could rectify this distortion.

Haemagglutination-inhibition (HI) is the method
of choice for screening human and animal popula-
tions for antibodies as a measure of virus activity,
provided that the virus possesses haemagglutinin
(HA). Most members of the togavirus group a pos-
sess HA, and their activity is screened by the HI-
technique in all parts of the world. The basic assay
techniques were developed by Clarke & Casals (1),
utilizing the WHO type Lucite plate, where a total
volume of 0.8 ml is used in each well. This is called
the " macro " method. The " micro " modification
of this technique (2) is based on the work of
Takatsy and Sever (3, 4). The micro method has
two important advantages: it uses smaller amounts
of materials (0.1 ml total volume per well), and up to
12 samples can be handled simultaneously. It also
has been automated, yielding highly reproducible
results (5). For some viruses, the same HI titres have
been obtained by both assay methods (4) but in this
laboratory, in togavirus antibody surveys, we have
noted some discrepancies in the HI results. This
article reports the results of systematic comparison
between the two assay methods; the micro method
gave consistently lower HA and HI titres, and the
reason for this phenomenon, and its implications are
discussed.

1 Virologist, Department of Virology, Israel Institute for
Biological Research, Ness-Ziona, P.O. Box 19, Israel.

a Viruses previously classified as Alphavirus and Flavivirus
(arbovirus group B) are now assigned to a single family, the
Togaviridae.

MATERIALS AND METHODS

Viruses and antigens

Four togaviruses were used in this study: two
alphaviruses-Semliki Forest virus (SFV) and
Sindbis virus (Sind. V), and 2 flaviviruses-West
Nile virus (WNV) and Israel turkey virus (TV). The
source and passage history of these viruses have been
reported elsewhere. (6, 7).

After propagation of the virus in suckling mouse
brains, antigens were extracted either by the aqueous
alkaline method (SFV, TV) or by the sucrose-acet-
one method (SFV, WNV) (1). When viruses were
propagated in BHK 21 cell cultures (Sind. V, WNV)
the culture medium (Eagle's MEM with 0.5%
bovine albumin), after centrifugation at 1000 g for
15 min, was used as antigen. All antigens were stored
at -70°C until used.

Immune sera

These were prepared in rabbits for SFV, Sind. V
and WNV by injecting about 108 plaque-forming
units (PFU) of virus into the ear vein and following
this with two intraperitoneal injections of the same
amount of virus at weekly intervals. The animals
were bled 2 weeks after the last injection.
A TV immune serum was prepared in adult mice

by giving two intraperitoneal injections of 105 PFU
of virus at 2-week intervals. The mice were bled 10
days after the second injection.
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Human sera were obtained from healthy donors
through the local blood bank.

All sera were treated for removal ofHA inhibitors
by the acetone method (1) and were later absorbed
with goose red blood cells (RBC) to remove non-
specific agglutinins.

Assay ofHA and HI
The HA and HI assays were carried out according

to the established technique (1); for the micro method
this was scaled down 8 times (2). Antigen/serum
mixtures were incubated for 1 hour at room tem-
perature (24+1C) and the goose RBC, suspended
in the appropriate phosphate-buffered diluents to
provide optimal pH, were then added. The results
were read 30-60 min later and the last dilution to
cause complete agglutination (for HA assay) or
inhibition (for HI assay) was considered to contain
1 unit of HA or HI antibody. The mixtures of
antigen and RBC, antigen and serum, or antigen/
serum and RBC were thoroughly mixed by gently
blowing air into the wells immediately after the
addition of serum or RBC.
For assay by the macro method, using Lucite

plates of the WHO type, antigen was first diluted
1: 8 in 0.8 ml of borate buffer containing 0.4% of
bovine serum albumin (BBBA) with the aid of a 1-ml
pipette, which was then discarded. Further 2-fold
dilutions were carried out with a 2-ml pipette,
without change of pipette.

In the HI test, serum samples were diluted 2-fold
in 0.2 ml of BBBA with a 1-ml pipette, without
change of pipette through the dilution row. Antigen,
0.2 ml containing 4 HA units, was added to each
well, the samples were incubated, and 0.4 ml of RBC
was then added. Control samples of serum and cells
and also back titrations of antigen were included in
every test run.
For the micro method, a Microtiter kit was

employed together with disposable micro plates of
the " U " type or sometimes the " V " type.a Proce-
dures specified by the manufacturer for handling the
loops and dispensers, and for their calibration and
use, were followed meticulously (4, 8).
For HA assays 2-fold dilutions of serum were

made, using 0.025-ml loops to transfer serum to
0.025 amounts of BBBA previously dispensed into
the wells. One drop (0.025 ml) of BBBA was then
added to each well, followed by 2 drops of RBC

a Microtiter kits and plates are manufactured by Dyna-
tech Laboratories, Inc., 900 Slaters Lane, Alexandria,
VA 22314, USA.

suspension, and immediately mixed (procedure A).
Using 0.05-ml loops and dispensers, the same pro-
cedure was followed except for the omission of the
BBBA (procedure B).
For HI assays, serum was transferred by means of

a 0.025 ml loop to wells each containing 0.025 ml of
BBBA. A drop of antigen (0.025 ml, which con-
tained 4 HA units, according to previous micro
method assay results) was then added to each well.
After mixing and incubation, 0.05 ml of RBC sus-
pension was dispensed into the wells, using an
appropriate dispenser to deliver 1 or 2 drops.

RESULTS

Micro method procedures A and B for HA assay
yielded the same results. Identical results were ob-
tained when microplates of the " U " and " V " types
were compared. On the other hand, for all antigens
tested, HA assay titres given by the macro method
were 8 times as high as those given by the micro
method (Table 1). These results were consistent for
all virus strains used, regardless of the method of
antigen preparation and the investigator (5 different
investigators were involved in the assays).
HI titres were also 8 times lower when sera from

immunized rabbits or mice were assayed by the
micro method (Table 1) rather than the macro
method. To find out whether this phenomenon
would apply also to sample sera picked at random,
human sera were assayed for HI activity by the
macro method and those positive were then assayed
by the micro method (Table 2). HI-positive sera
when assayed by the micro method gave a titre 4-8
times lower; 7 out of 10 sera gave negative results in
the micro test, presumably because their macro
method titres were so low (1: 20-1: 80) that the
micro method titres were too low to be measured.
All sera negative by the macro method were also
negative by the micro method.

In WNV we have found a simple inverse relation-
ship between the amounts of HA antigen used in the
assay system and the HI antibody titres (Table 3).
This relationship was previously found also in SFV
(11) and in other haemagglutinating viruses includ-
ing influenza, measles, and rubella (9).

Because of the difference in HA titres as deter-
mined by the micro and macro methods, it is
obvious that 4 HA units determined by the micro
method are equivalent to 32 HA units determined by
the macro method. Hence, assuming that antigen-
antibody reaction kinetics are similar in both assay
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Table 1. Comparisons of HA titres of four togaviruses and the Hi titres of their immune
sera, as assayed by the macro and micro methods.

Alphaviruses Flaviviruses

SFV a Sind V b WNV b TV a

HAc Hld HAc Hid HAc Hld HAc Hid

Macro method titres 1 024 10240 2048 2 560 512 2 560 1 024 320

Micro method titres 128 1 280 256 320 64 320 128 40

Ratio macro/micro 8 8 8 8 8 8 8 8

a Antigen prepared from infected suckling mouse brain.
b Antigen prepared from infected BHK cell culture medium.
c Reciprocal of highest dilution of HA antigen that yielded complete haemagglutination. The volume

of antigen was 0.4 ml in the macro method and 0.05 ml in the micro method.
d Reciprocal of highest dilution of immune serum that caused complete inhibition of 4 units of HA.

HA units were determined by the macro or micro method and checked by back titration.

Table 2. Comparison of Hi titres against WNV in human
sera, assayed by the macro and micro methodsa

Serum Method Serum Method
No. Macro b Micro No. Macro b Micro

240 20 <20 447 160 40

242 40 <20 660 80 <20

244 20 <20 731 40 <20

298 160 40 848 80 <20

301 320 40 969 40 <20

a Only sera positive by the macro method are included. Sera
negative by the macro test were negative also by the micro test.

b The reciprocal of the highest dilution of the serum that inhibited
4 HA units. HA units were determined by the macro or micro method
and checked by back titration.

Table 3. Relationship between HI titres and the amount
of HA antigen in the assay system of WNV and WNV-
immune rabbit serum

HA units in
assay systema 4 8 16 32 64

HI titre b 2 560 1 280 640 320 160

a Reciprocal of the highest dilution of antigen that caused
complete agglutination of RBC.

b Reciprocal of the highest dilution of immune serum that caused
complete inhibition of agglutination of RBC.

methods, the greater amount of antigen relative to
RBC in the micro method of assay would cause
concomitantly lower HI titres.
The lower HA titre obtained by the micro method

could be due to adsorption of antigen on to the
micro plates. To test this, aliquots of antigen were
dispensed by pipette into microplate wells and after
a few minutes were transferred to macro plate wells.
Their HA activity was then assayed. No difference in
titre was found as compared with assays of antigen
placed directly in macro plate wells. The depth of
assay reaction mixture, which affects the settling
time of the RBC, also did not change the relation-
ship between macro and micro assay results.

DISCUSSION

Differences between HA titres obtained in the
macro and micro methods of assay have been rarely
mentioned (10). The matching HI titres for both
systems, as reported for NDV (5), is not surprising
as the 4 HA units used in both kinds of assay were
determined by micro method only. We have shown
that this difference in HI titres is of regular occur-
rence in togaviruses and it therefore has to be taken
into account in the interpretation of seroepidemio-
logical studies.
When virus activity in animal or human popula-

tions is studied and measured through the number of
positive sera given by the micro assay method the
picture obtained may not be very representative,
depending on the number of sera with low HI titres,
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which would be revealed only by the macro method.
Also, seroconversion resulting from a vaccination
programme or an epidemic may be due largely to a
secondary immune reaction-namely, low positives
manifesting a booster effect. In the cases of some
togavirus infections, subjects with a low positive HI
titre have a considerable neutralizing titre as mea-
sured by plaque reduction in vitro, and may there-
fore be wholly or partially immune to reinfection
and therefore important in the overall immune
population.
Use of the macro method only for serological

screening would yield maximum information but
requires much more labour and materials. Use of the
micro method entails loss of information. To rectify
this loss of information a procedural compromise
can be reached by assaying all test sera by the macro
method at one dilution, say, a 1: 10 or 1: 20, and
assaying only the positive ones by the micro method.

For standardization, the final titres obtained by the
micro method should be corrected by the factor of
difference between HA titres obtained in both types
of assay.
Another way to solve this difficulty might be to

use a lower concentration of RBC in the micro
method in order that the HA results obtained by
both methods would be comparable. Then the same
amounts of antigen assayed by both methods should
yield the same HI titres and the micro method would
identify low positives also.
The lower HI titres obtained by the micro method

result from the use of greater total amounts of HA
antigen to obtain the 4 HA units needed in the test
system. The reason why lower HA titres are ob-
tained in the micro method is not known. It is not
due to the depth of reaction mixture, which controls
the settling time of the RBC, nor is it due to
adsorption of HA on to the micro plates.
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RItSUMIt

TrrRAGE, A L'AIDE DE LA MICROMETHODE, DES ANTICORPS INHIBANT L'HMA'3CGLUTINATION
PAR LES TOGAVIRUS: ERREUR PAR DAFAUT ET SA RECTIFICATION

On a pr6pare des immunserums chez des lapins et des
souris contre quatre togavirus: deux alphavirus, a savoir
les virus Semliki Forest (SFV) et Sindbis (Sind. V) ainsi
que deux flavivirus, le West Nile (WNV) et un virus du
dindon d'Israel (TV). II s'est revele que l'activit6 d'inhi-
bition de l'h6magglutination (HI) de ces serums etait
differente lorsqu'elle etait mesur6e par la microm6thode
et par la macrom6thode: la premiere donnait reguliere-
ment des titres 4 at 8 fois plus faibles que ceux que l'on
obtenait par la macrom6thode. De m8me, les titres
hemagglutinants (HA) de ces antigenes etaient abaisses
dans la meme proportion avec la microm6thode. On a
observ6 qu'il y avait une relation inverse entre le titre HI
et la quantit6 d'unites HA utilisees dans le systeme
d'epreuve; ainsi, la raison de la discordance entre les
deux m6thodes est due au fait que, dans la micromethode,
on utilise de plus grandes quantit6s de HA, par rapport
aux erythrocytes, pour avoir les 4 unites HA necessaires.

Cette discordance a 6te retrouvee avec des serums humains
choisis au hasard et provenant de donneurs de sang nor-
maux. Ceux de ces s6rums qui pr6sentaient une r6action
HI positive a l'egard du WNV par la macromethode,
etaient eprouves a nouveau par la micromethode, ce qui
a montre que les serums positifs jusqu'a 1: 80 par la
macromethode donnaient des resultats faussement nega-
tifs par la micromethode. Le fait que cette derniere
fournit un titre HA plus bas ne depend pas de la pro-
fondeur du melange reactif, ni d'une absorption non
specifique de l'antigene sur les plaques pour microtitrage.
Ce phenomene peut entrainer une erreur par defaut et
fausser ainsi les resultats des enqu8tes sero-pid6miolo-
giques. On peut remedier a cet inconv6nient en titrant
d'abord tous les serums par la macrom6thode a une
faible dilution, puis en titrant les serums positifs par
la microm6thode.
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