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Comparative Evaluation of a Simple and Sensitive Assay
for Detection of Orthomyxo and Paramyxoviruses

JNSS Couceiro™, ESS Couceiro*, AMY Pintoﬂ, RD Machado, MC Cabral

Departamento de Virologia, Instituto de Microbiologia, CCS, Bloco I, Cidade Universitaria, Caixa Postal 68040,
21941-590 Rio de Janeiro, RJ, Brasil

Studies were done 1o evaluate comparatively the traditional HA assay and a more recently
introduced lectin-neuraminidase (LN) methodology in search of a simple and sensitive assay for virus
detection during laboratorial diagnosis. The results proved the value of LN assay as a sensitive
methodology for detection of virus particles, presenting results at least equal to those obtained by HA
(hemagglutination) assay, with significant values of accumulated frequencies for LN/HA factors (ratios
berween LN and HA titers) higher than two. The accumulated values of frequencies for LN/HA factors
as high as four were very significant, 72.7% for influenzavirus and 60.7% for Newcastle disease virus
(NDV), moreover accumulated frequencies for LN/HA factors even as high as 32 were due to
influenzavirus (45.4%) and NDV (7.2%) samples. After the storage period, most of those concentraded
samples that even did not present HA titers could be detected through LN assay, demonstrating a
lower threshold for virus detection.
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Influenzaviruses and Newcastle disease
viruses (NDV), classified as orthomyxovirus and
paramyxovirus respectively, are RNA-viruses
that presents capsid with helical symmetry and
lipoprotein envelope, where glycoprotein struc-
tures exhibit adsorption activity for cell receptors
besides sialidase and fusion activities. In influen-
zaviruses, the hemagglutinin (HA) trimeric struc-
ture is involved in adsorption and fusion proces-
ses, which are expressed by hemagglutination
and hemolysis when using erythrocytes as target
cells, while the neuraminidase (NA) structure is
responsible for sialidase cleaving activity on cell
receptors (Murphy & Webster 1990). In NDV,
the HN structure is responsible for adsorption
(hemagglutinating) and sialidase activities, while
the F structure is involved in the fusion
(hemolysis) process (Kingsbury 1990).

N and HN spikes that present sialidase ac-
tivity, when inserted in cellular cytoplasmatic
membranes or virus envelopes, develop hydro-
lysis of sialic acids residues on carbohydrated
chains of membrane receptors, which change to ex-
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hibit galactose molecules as terminal residues
(Baum & Paulson 1991).

Since Hirst (1941) and McClelland and Hare
(1941) classical descriptions about the fast
hemagglutination process, most of the researches
done on orthomyxoviruses and paramyxoviruses
have used their hemagglutinating function as the
analysis parameter to quantify the virus prepara-
tions. The standard method for the study of virus
sialidase activity have not been widely used,
which could be explained by the low paractibility
of methodologies such as Warren test (Warren
1959), which reveals enzimatically the sialic acid
residues released through the virus sialidase ac-
tivity. This lectin-neuraminidase (LN) assay was
as easily developed as the conventional hemag-
glutination assay, the former exhibits advantage
over that traditional HA methodology, showing
practibility and great sensitivity. In this techni-
que, after the cleavage activity on sialic acids
residues expressed by the virus sialidase, those
galactose residues exposed on the carbohydrate
chains of cell receptors are revealed by addition
of peanuts agglutinin (PNA). The reaction bet-
ween the PNA tetrameric structure and galactosyl
end-groups exposed on erythrocytes membranes
originates a hemagglutination reaction, revealing
finally the presence of virus particles through their
sialidase activity (Liemer et al. 1986),

This study, utilizing a significant number of
samples, was done to compare the efficiency of
the HA and LN assays, as techniques for virus
titration and diagnosis. The experiments intended
also to establish the ideal conditions for reaction.
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MATERIALS AND METHODS

Virus samples - Eleven clinical and standard
samples of human and avian influenza A (H;Ny,
HeN2 and H7N)) viruses and 28 clinicala and
standard samples of NDV were analyzed as
shown in Tables I and 11, totalizing 39 samples.
NDYV standard samples of low (lentogenic) and
high (velogenic) pathogenic potential were used.

Preparation, concentration and storage for
different periods of time - Standard virus samples
for this study were prepared by inoculation into
allantoic cavity of 10-day old embryonated
chicken eggs and incubation at 36°C for 48 hr
(Rovozzo & Burke 1973). Clinical samples were
considered as those detected by hemagglutination
assay after one or two passages of clinical
materials from birds (feces) into allantoic cavity,
under similar incubation conditions. After in-
cubation, harvested allantoic fluids were clarified
by centrifugation at 7,500x g for 30 min at 4°C
and tested by hemagglutination assay (Sever
1962). The clinical samples were also typed by
hemagglutination inhibition assay (Sever 1962).
The hemagglutinating virus samples were finally
50x concentrated by centrifugation at 100,000x g
for 60 min. The pellets from the virus samples
were resuspended, with TESC pH 8.4 (0.01 mM
TRIS, 0.01 mM EDTA, 0.10 M sodium cloride,
0.006 mM cystein) and stored for different
periods of time at -20°C until utilization (Rovoz-
zo & Burke 1973). Non concentrated standar
virus samples of influenzaviruses A HiN; and
parainfluenzaviruses type 1 (Sendai) were used
for additional studies.

Erythrocytes - Human O group erythrocytes
were used after collecion in Alsever solution,
three washing steps and suspension at 10% con-
centration with 0.15 M sodium chloride. The
final suspension at 1% concentration was
prepared with 0.15 M phosphate buffer saline
(PBS) pH 7.2. In preliminary experiments due to
establish the ideal pH for reaction and optimal
period of time for incubation, different buffers
(Maeda & Ohnishi 1980) were used to prepare
1% erythrocytes at different pH values.

Lectin - PNA (peanuts lectin/Arachis
hypogaea) obtained from Sigma, was used after
titration and standardization at 25°C to two
hemagglutinating units (Lothan et al. 1975).

Hemagglutination Assay (HA) - Triplicates of
virus samples (25 pl) were serially diluted in 25
ul volumes of 0.15 M PBS pH 7.2, with posterior
addition of 25 pl volumes of 1% human O group
erythrocytes prepared in 0.15 M PBS pH 7.2 or in
buffers at different pH values, 0.2% bovine al-
bumin was also added. The results were read
after incubation for 2 hr at 4°C. The reciprocal of
the highest dilution (geometric mean of the tripli-
cates) of each virus sample causing complete ag-

glutination was considered as its HA titer per 25l
(Sever 19G2).

Lectin-Neuraminidase assay (LN) - Tripli-
cates of virus samples (25 ul) were serially
diluted with 25 pl volumes of 0.15 M PBS pH
7.2 and 1% human O group erythrocyte suspen-
sions prepared in 0.15 M PBS pH 7.2 or in buf-
fers at different pH values were added, 0.2%
bovine albumin was also added. The reactions
were incubated at 4° (negative controls) or at
37°C for 2 hr until complete reversion of the ini-
tial hemagglutination due to virus binding, when
PNA was added after homogenization of the
wells that presented complete reversion of the in-

TABLE 1
Comparative analysis between titers obtained through

hemagglutination (HA) and lectin-neuraminidase (LN)
assays for clinical and standard influenzavirus samples

Influenza HA LN LN/HA
sample ° titer titer factor
Clinical 2 2 1
AJHIN;

Standard

A/PR/8/34 16 32 2
(HiNpD

Clinical 4 8 2
A/H7N]

Clinical 32 128 4
AfHIN;

Clinicatl 2 8 4
AfHeN2

Clinical 32 512 16
AfH7N)

Standard

A/PR/8/43 8 256 32
(HiNyp)

Chinical <2 128 128
AfHIN)

Clinical <2 128 128
AfH7N)

Clinical <2 512 512
A/H7N, |

Clinical <2 1024 1024
AfHIN,

?: clinical samples typed by hemagglutination inhibi-
tion assay (Sever 1962). Standard influenzavirus
samples were kindly sent by Dr JJ Skehel (National
[nstitute for Medical Research, Mill Hill, London).
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TABLEII

Commparative analysis between titers obtained by hemagglutination (HA) and lectin-neuraminidase (LN)
assays for clinical and standard NDV samples

NDV* HA LN LN/HA NDV HA LN LN/HA
sample titer titer factor sample titer titer factor
Standanrd Starnxlart
lentogenic 2 2 1 lentogenic 4 16 4
Bl Lasota
Standard Standard
lentogenic 64 64 1 velogenic 64 256 4
Bl S0-93
Standard
lentogenic 4 4 1 Clinical 2 8 4
Bl
Standard
lentogenic <2 <2 | Clinical 2 3 4
Bl
Standard
lentogenic 16 32 2 Clinical 2 8 4
Lasota
Standard
lentogenic 8 16 2 Clinical <2 8 8
Lasota
Standard
lentogenic 4 8 2 Clinical <2 8 8
Lasota
Standard
lentogenic 16 32 2 Clinical 4 32 8
Lasota
Standard
lentogenic 4 8 2 Clinical 8 04 8
Lasota
Standart
lentogenic 8 16 2 Clinical <2 16 16
Lasota
Standard
lentogenic 2 4 2 Chinical 16 256 16
Lasota
Standard
lentogenic 4 16 4 Clinical <2 32 32
Lasota
Standard
lentogenic 2 8 4 Clinical 8 256 32
Lasota
Standard
lentogenic 2 8 4 Clinical <2 128 128
Lasota

% clinical samples typed by hemagglutination inhibition assa
standard NDV samples were kindly sent by

¥ (Sever 1962). Lentogenic (B1 and La Sota) and velogenic (SO-93)
Dr AM Souza (Empresa Brasileira de Agropecuiria, Rio de Janeiro, Brazil).
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itial hemagglutination. Cell controls with
(erythrocytes+buffer+lectin) and without lectin
(erythrocytes+buffer) wer also prepared. The LN
titer (per 25 ul) of each virus sample was con-
sidered as the reciprocal of the highest virus dilu-
tion (geometric average) which was causing com-
plete agglutination for PNA, after 1 hr of incuba-
tion at 25°C (Luther et al. 1983).

HA and LN assays. Preliminary analysis to
establish ideal pH value for reaction and optimal
period of time for incubation - Influenza A H3N»
Virus (AJEnglandMZf'?ZJ sample was analyzed by
HA (4°C) and LN (37°C) assays, at pH values
ranged from 5.0 to 9.0, using acetate, sodium
phosphate and glycine-NaOH buffers as recom-
mended by Maeda and Ohnishi (1980). Expen-
ments were developed in search of the optimal
pH value to be used in HA and LN assays and the
period of incubation necessary for complete
reversion of the initial hemagglutination, before
addition of PNA.

HA and LN assays. Extensive analysis using
pH and incubation parameters established as
above - Clinical and standard concentrated
samples of influenzaviruses and NDV (Tables I,
II) were studied by HA and LN assays at pH
value and for penod of time such as established
above. Unconcentrated standard influenzaviruses
(A/PR/8/34 H|Ni, A/England/42/72 H3N32) and
parainfluenzavirus type 1 (Sendai) samples were
studied in an additional analysis. The LN/HA
Factor that expresses the advantage of the LN
assay over the conventional HA assay was calcu-
lated as:
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virus titer in LN assay

LN/HA factor =
virus titer in HA assay

The data from this analysis on samples of in-
fluenzaviruses and NDV were also expressed
(Fig.) through decreasing values of accumulated
frequencies due to gradually increasing LN/HA
factors.

RESULTS AND DISCUSSION

The preliminary analysis determined the pH
7.2 as an intermediate value of neutral pH at
which suspensions of erythrocytes should be ad-
justed for LN assay, as traditionally used for HA
methodology (data not shown). Low pH values
(5.0-5.2) were responsible for hemolysis while
pH values higher than 7.8 did not produce sig-
nificant LN/HA factors (>2). This analysis was
done with an influenzavirus A/England/42/72
sample, where a period of 3 hr and 30 min at pH
7.2 was also established as necessary for a com-
plete reversion of an initial HA reaction.

The analysis procedures were developed at
pH 7.2 as determined above, using the same
diluent {PBS) recommended by World Health
Organization for biochemical evaluation of the
sialidase activity (Luther et al. 1980, 1983). The
results obtained by comparative analysis of 39
lentogenic and velogenic NDV and influen-
zaviruses (H1Nj, HsN2, H7N1) samples through
agglutinating titers obtained in HA and LN as-
says, can be observed in Tables I and II. The
LLN/HA factors (relation between LN and HA
titers) were expressed in those tables in relation
to influenzavirus and NDV samples. The ac-
cumulated values of frequencies for LN/HA fac-
tors equal to four were very significant, 72.7%
(influenzavirus) and 60.7% (NDYV), moreover ac-
cumulated frequencies of factors as high as 32 for
influenzavirus (45.4%) and NDV (7.2%) samples
were found (Fig.). In relation to influenzavirus
samples, significant values of accumulated fre-
quencies even for LN/HA factors as high as 512
(18.1%) and 1,024 {3.0%) were observed.

The results proved the value of LN assay as
sensifive and simple methodology for detection
of virus particles, presenting results at least equal
to those observed in HA assay, with high values
of accumulated frequencies for LN/HA factors
higher than two. The efficiency of the technique
as a new methodology to be used for virus diag-
nosis was evident. After different storage periods
at 20°C, even those concentrated standard and
clinical samples that did not present titers by HA
assays could be detected by the LN assay,
demonstrating a lower threshold for virus detec-
tion. The same efficiency was also demonstrated
when using only unconcentrated virus samples
(data not shown).
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In this study, the analysis indicated the impor-
tance of this simple and sensitive methodology
for detection of virus particles, in diagnosis of
diseases, showing advantage even over the tradi-
tional HA assay. This LN assay have exhibited
good sensitivity when compared to Warren test
and showed to be a practical methodology to
reveal the virus sialidase activity, as already indi-
cated above (Luther et al. 1983, Fiszon & Han-
noun 1990). McNulty and his group (McNulty et
al. 1975) tried to associate the sialidase content
and the virulence of velo, meso and lentogenic
samples of NDV, aspect that has been explored
by other researches (Schulman & Palese 1977,
Ogawa & Ueda 1981).

This technique may play an important role for
studies on the sialidase activity, which is also
present in many other microorganisms, such as
trypanosomatides (trans-sialidase) and diverse
genus, with comparative results already
demonstrated by Warren test, a traditional en-
zymatic methodology (Pereira 1983, Breighton &
Whiley 1990, Heuermann et al. 1991, Briselden
et al. 1992). This method has also been used in
the studies on processes of cellular interactions
(Peacock et al. 1990).
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