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Four seronegative foals aged 6 to 7 months were exposed to an aerosol of influenza strain A/Equi/2/
Kildare/89 at 106 50% egg infective doses (EID50)/ml. Nasopharyngeal swabs were collected for 10 consecutive
days after challenge. Virus isolation was performed in embryonated eggs, and the EID50 was determined for all
positive samples. The 50% tissue culture infective dose was determined using Madin-Darby canine kidney
(MDCK) cells. Samples were also tested by an in vitro enzyme immunoassay test, Directigen Flu A, and by
reverse transcription-PCR (RT-PCR) using nested primers from the nucleoprotein gene and a single set of
primers from the matrix gene. RT-PCR using the matrix primers and virus isolation in embryonated eggs
proved to be the most sensitive methods for the detection of virus. The Directigen Flu A test was the least
sensitive method. The inclusion of 2% fetal calf serum in the viral transport medium inhibited the growth of
virus from undiluted samples in MDCK cells but was essential for the maintenance of the virus titer in samples
subjected to repeated freeze-thaw cycles.

Equine influenza is considered to be the most important
respiratory disease of the horse in the majority of countries
where the breeding and racing of horses is a major industry.
There are two subtypes of equine influenza virus, which is an
orthomyxovirus: A/Equi 1/H7N7, first isolated in 1956 (20),
and A/Equi 2/H3N8, first isolated in 1963 (24). Both subtypes
have caused disease. However, it is generally accepted that
A/Equi 1/H7N7 has not been isolated since 1979 and may be
extinct (22, 26). In contrast, A/Equi 2/H3N8 continues to cir-
culate worldwide with the exception of a small number of
island countries, such as Australia, New Zealand, and Iceland,
where equine influenza has never been recorded. Infection
with this subtype appears to be enzootic in North America and
Europe, where two separate virus lineages have evolved and
outbreaks frequently occur despite the mandatory vaccination
of some horse populations (2, 10, 16a). However, it is immu-
nologically naïve populations that are most at risk from equine
influenza. Influenza is highly contagious, and the introduction
of a single infected horse can result in explosive virus spread in
unprotected horses over a wide geographical area. In South
Africa in 1986, the introduction of the virus into the country
for the first time resulted in thousands of horses suffering
severe respiratory disease and necessitated the cancellation of
racing for 5 months (5, 18).

The risk associated with the increase in the international
movement of horses by air transport for racing and breeding
purposes means that it is imperative that there are sensitive
virus detection systems available for the rapid diagnosis of

equine influenza (21). Traditionally, equine influenza virus is
diagnosed by the isolation of virus from nasopharyngeal swabs
in embryonated hen eggs or by the detection of a fourfold-or-
greater rise in antibody titer in paired sera by hemagglutina-
tion inhibition (16).

The main objective of this study was to compare the sensi-
tivity of virus isolation using embryonated eggs and tissue cul-
ture with that of more rapid detection systems such as the
immunoassay Directigen Flu A (DFA) and reverse transcrip-
tion-PCR (RT-PCR) followed by gel electrophoresis. We also
examined the potential negative effects of repeat freeze-thaw-
ing of samples on all four detection systems and evaluated the
benefit of inclusion of fetal calf serum (FCS) in virus transport
medium (VTM).

MATERIALS AND METHODS

Virus isolation and quantification. Four seronegative foals aged 6 to 7 months
were exposed to an aerosol of 10 ml of A/Equi/2/Kildare/89 at 106 50% egg
infective doses (EID50)/ml as described previously by Mumford et al. (9). Naso-
pharyngeal swabs were collected for 10 consecutive days after challenge and
immersed in chilled VTM consisting of phosphate-buffered saline with 100 U of
penicillin, 100 �g of streptomycin, and 5 �g of amphotericin B per ml. Within
24 h of collection, 100 �l of each sample was inoculated into the allantoic cavity
of three 9- to 12-day-old embryonated hen eggs. The allantoic fluid was harvested
after 2 days of incubation at 34°C and tested by hemagglutination using 1% hen
blood (16). If hemagglutination was observed, the virus isolate was typed by
hemagglutination inhibition using type-specific ferret antisera supplied by the
National Institute of Biological Standards, London, England.

Madin-Darby canine kidney (MDCK) cells were propagated at 34°C in an
atmosphere of 5% CO2 in Eagle’s minimum essential medium supplemented
with FCS (10% [vol/vol]). For virus isolation and quantification, the cells were
maintained in serum-free medium and in the presence of 1.25 �g of beef pan-
creas trypsin (Sigma-Aldrich)/ml. Samples were cultured for 7 days at 34°C in an
atmosphere of 5% CO2, and the supernatant medium was tested daily by hem-
agglutination (16).

Quantification assays to determine the EID50 and the 50% tissue culture
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infective dose (TCID50) were carried out on samples that were frozen within 24 h
of collection and had subsequently been thawed once (7).

Enzyme-linked immunosorbent assay. DFA, an in vitro enzyme immunoassay
membrane test manufactured by Becton Dickinson and Co. (Paramus, N.J.), was
used in accordance with the manufacturer’s instructions. Extracted nasopharyn-
geal samples (125 �l) were added to the test device, and any influenza A antigen
that bound to the membrane surface was detected using enzyme-conjugated
monoclonal antibodies against the nucleoprotein. Each DFA test device has an
H1N1 antigen spot in the center of the membrane which develops as a purple dot
and indicates the integrity of the test. The development of a purple triangle
surrounding the dot is indicative of a positive reaction. In this study, the degree
of positive reaction was scored as � (outline of triangle), �� (lightly colored
triangle), and ��� (dark-purple triangle).

PCR and gel electrophoresis. Primers from the nucleoprotein genes NPF
(5�-AGCAAAAGCAGGGTAGATAA-3�), NPR (5�-TCCTTGCATCAGAGA
GCACA-3�), NPFI (5�-GCAGGGTAGATAATCACTCA-3�), and NPRI (5�-A
GTACCATCCTTTCTATTGT-3�), designed by Oxburgh and Hagstrom (17),
were synthesized by Genosys Biotechnologies, Inc., (Cambridge, United King-
dom). The PCR was performed essentially as described previously (17), except
that the thermal cycle programs used were denaturation for 5 min at 95°C and
then 30 cycles of 95°C for 1 min, 52°C for 1 min 30 s, and 72°C for 2 min 30 s,
with a final extension time of 7 min at 72°C.

Primers M52C (5�-CTTCTAACCGAGGTCGAAACG-3�) and M253R (5�-A
GGGCATTTTGGACAAAG/TCGTCTA-3�), designed by Fouchier et al. (3)
from highly conserved regions of the matrix gene, were synthesized by Eurogen-
tec (Seraing, Belgium). The reverse transcription and PCR were performed as
described previously (3), except that the cycling conditions were 30 min at 42°C
and 2 min at 94°C once and then 40 cycles of 15 s at 94°C, 30 s at 45°C, and 1 min
at 72°C, with a final extension of 3 min at 72°C.

PCR products of 552 bp (outer nucleoprotein primers), 241 bp (inner nucleo-
protein primers), and 244 bp (matrix primers) were visualized on 1.2 or 1%
agarose gels stained with ethidium bromide.

Assessment of sensitivities of assays after freezing of samples. Three dilutions
of A/Equi/2/Kildare/89 (107.5 EID50/ml [sample A], 106 EID50/ml [sample B],
and 102.5 EID50/ml [sample C]) were prepared in VTM with or without FCS at
a final concentration of 2% (vol/vol). The samples were subjected to repeat
freeze (�70°C)-thaw (37°C) cycles and were examined for the presence of virus
by isolation in embryonated eggs and MDCK cells, by DFA, and by RT-PCR
after each cycle.

Statistical analysis. Microsoft SPSS Base 10.0 was the statistical software used
for formal testing, and the significance level was set at 0.05. The paired t test was
used for a two-way comparison of means, and Pearson’s correlation was used for
comparing quantitative tests.

RESULTS AND DISCUSSION

Virus was isolated from the four horses postchallenge. The
results of the virus isolation and titration in both embryonated
eggs and tissue culture are summarized in Table 1. Virus was
first detected on day 2 postchallenge and persisted for a mean
period of 5.5 days. Peak titers in the embryonated eggs ranged
from 101.5 EID50/ml to 102.8 EID50/ml. Peak titers in the
MDCK cells ranged from 102.5 TCID50/ml to 104 TCID50/ml.
Pearson’s correlation showed a significant (P � 0.014) positive
correlation between the two methods of quantification of virus
load on each day postchallenge (Fig. 1), but the tissue culture
system was slightly less sensitive (85%) than the embryonated
eggs. The results suggest that for virus A/Equi/2/Kildare/89,
which is very closely related to A/Equi/2/Suffolk/89 (14), the
present prototype of the European lineage, embryonated eggs
is the quantification system of choice. Virus quantification is
necessary for vaccine efficacy studies where there is a regula-
tory requirement to monitor the quantity of virus shed by
vaccinated and unvaccinated horses after experimental chal-
lenge. At present, such quantification is usually carried out in
embryonated eggs (11, 12). However, it has proven more dif-
ficult to isolate virus in eggs during some of the disease out-
breaks that have occurred since 1989 (16a) and the compara-

tive sensitivities of virus isolation in tissue culture and in eggs
need to be evaluated for other isolates, particularly those of
American lineage.

Virus culture in eggs or cell monolayers takes several days.
Infection is usually identified by hemagglutination, and virus
identity has to be confirmed by hemagglutination inhibition
with specific antisera. DFA takes approximately 15 min and is
simple to perform. However, published studies have demon-

TABLE 1. Detection of equine influenza virus by virus isolation,
antigen detection, and RT-PCR in foals infected experimentally

with A/Equi/2/Kildare/89a

Horse and day
postchallenge VI EID50/ml TCID50/ml DFAb PCR

O
PCR

I
PCR

M

Horse 1
1 � � � � �
2 � 101.5 101.25 � � � �
3 � 101.5 100.75 � � � �
4 � 101.1 101.75 � � � �
5 � 101.2 102.5 � � � �
6 � � � � � � �
7 � � � � �
8 � � � � �
9 � � � � �
10 � � � � �

Horse 2
1 � � � � �
2 � 101 � � � � �
3 � 101.8 103 � � � NAc

4 � 101.7 102.25 �� � � �
5 � 101.8 103.25 ��� � � �
6 � 102.2 102.25 ��� � � �
7 � 100.8 � � � � �
8 � � � � �
9 � � � � �
10 � � � � �

Horse 3
1 � � � � �
2 � 101.2 101.5 � � � �
3 � 101.3 102.75 �� � � �
4 � 102 102.25 � � � �
5 � 102.2 104 � � � �
6 � 101.8 102.25 �� � � �
7 � 101.2 101.75 � � � �
8 � � � � �
9 � � � � �
10 � � � � �

Horse 4
1 � � � � �
2 � � � � � � �
3 � 100.6 � � � � �
4 � 101 101.5 � � � �
5 � 102.3 102.25 � � � �
6 � 102.8 102 � � � �
7 � � � � �
8 � � � � �
9 � � � � �
10 � � � � �

a VI, virus isolation (in embryonated eggs) from the nasal secretions prior to
freezing; PCR O, PCR using the NPF and NPR primers; PCR 1, nested PCR
using NPF, NPR, NPFI, and NPRI; PCR M, PCR using M52C and M253R. All
aliquots assayed by EID50, TCID50, DFA, and PCR had undergone a single
freeze-thaw cycle.

b For DFA scores, see Materials and Methods.
c NA, not applicable.
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strated a wide range of sensitivities for the detection of both
human influenza (6, 15, 25) and equine influenza (1, 8, 23, 27)
by DFA when compared to virus culture. In this study, the
sensitivity of the DFA test was 32% of that of virus isolation in
eggs from the unfrozen samples. The results are shown in
Table 1. No virus was detected in the samples collected from
horses 1 and 4, despite the fact that they shed virus for 4 days.
Virus was detected in the samples collected from horse 2 on 4
of the 6 days of shedding. DFA was positive for samples col-
lected from horse 3 on days 2, 3, and 6 but failed to detect virus
on days 4 and 5 when shedding peaked. It has been suggested
that DFA is most useful at the peak of infection but less
sensitive early or late in infection when low levels of virus are
shed (13). However, in this study neither the positive results
nor the strength of the reactions correlated with the quantity of
virus shed (Table 1). These data are consistent with those of
Ryan-Poirier et al. (19), who found that the intensity of posi-
tive reaction in specimens from human patients did not corre-
late with the amount of virus in the specimen. They found that
DFA detects cell-associated antigens more readily than free
virus and speculated that an increase in the epithelial cells or
cell debris in the specimen may increase the sensitivity. This
may explain why in some investigations of equine influenza
outbreaks and experimental challenge studies DFA has been
more sensitive than virus isolation (8, 23, 27), while in others,
such as the present study, it has been significantly less sensitive
(1).

RT-PCR requires a longer time to get a result than DFA but
is considerably faster than virus isolation. In this study, the
nasopharyngeal samples that had been thawed once after stor-
age at �70°C were subjected to nested PCR with primers from
the nucleoprotein gene (17) and a single set of primers from
the matrix gene (3). The results are presented in Table 1. No
virus was detected in the samples from horse 1 by use of the
outer nucleoprotein primers. However, PCR product was de-
tected in the samples collected on days 2, 3, 4, and 5 when the
nested primers were used. Virus was detected in these samples
and in the samples collected on days 6 and 7 with the primers
from the matrix gene. Virus was isolated in embryonated eggs
from the day 6 sample prior to freezing but not after one
freeze-thaw cycle. Virus was not detected by any other method
in the sample collected on day 7. This sensitivity pattern was

reproduced in horses 2 and 4, i.e., nested PCR using the nu-
cleoprotein primers was more sensitive than that using the
outer primers on their own and the single pair of matrix prim-
ers were in turn more sensitive than the nested nucleoprotein
primers. Virus was detected by using the matrix primers in the
samples collected from horse 4 on days 1 to 6 inclusive. Virus
was not detected in the sample collected on day 1 by any other
method and was only detected in the sample collected on day
2 by virus isolation prior to freezing. For horse 3, the sensitivity
of the matrix primers was equal to that of the nested primers.
Overall the detection limit of PCR using the nucleoprotein
primers in our study was consistent with that reported previ-
ously (17), i.e., EID50/30 �l (corresponding to 33 EID50/ml).
However, PCR using the single set of primers from the matrix
gene proved more sensitive and is less prone to contamination
than nested PCR. In a recent retrospective study of an out-
break of equine influenza in a riding school in The Nether-
lands, RT-PCR using these primers proved to be more sensi-
tive than virus isolation or two different enzyme immunoassays
(23). Furthermore, these primers were originally designed to
detect all known subtypes of influenza A viruses from multiple
species (3). It appears that avian influenza viruses can occa-
sionally become infective for horses (4), and given the zoonotic
potential of avian influenza viruses, it is not only advantageous
to the equine industry but also important for public health to
have a diagnostic assay that is capable of detecting genotypi-
cally diverse viruses.

In this experimental challenge study, the quantification as-
says were carried out on samples that were frozen within 24 h
of collection and had subsequently been thawed once. This
single freeze-thaw resulted in a reduction in the sensitivity of
virus detection by isolation in embryonated eggs, i.e., no virus
was detected in three samples that were positive on initial
screening of the unfrozen samples. The samples concerned
were those collected from horse 1 on day 6 and horse 4 on days
2 and 3. The EID50 was repeated by using different aliquots
that had undergone one freeze-thaw cycle, and virus was iso-
lated from one sample but at a low titer (100.6 EID50/ml). The
other two samples were negative. FCS was omitted from the
VTM in this study as it inhibits the growth of equine influenza
virus in tissue culture. The effects of freeze-thawing on the
viability of virus in VTM in the presence or absence of 2% FCS
was examined and the results are summarized in Table 2.
There was significantly greater decline in EID50 in samples A,
B, and C when FCS was omitted from the VTM (P � 0.034,
0.032, and 0.014, respectively) as determined by the paired t
test. A similar effect was observed when the virus was quanti-
fied in MDCK cells.

The relative sensitivities of DFA and RT-PCR were also
evaluated in this experiment (Table 2). Only virus in test item
A was detected by DFA, but virus was detected after each of
the freeze-thaw cycles irrespective of the inclusion or omission
of FCS from the VTM. Virus was detected in samples A and B
after each freeze-thaw cycle by PCR using only the outer prim-
ers NPF and NPR as well as by nested PCR. Virus was only
detected in sample C by nested PCR. There was no decrease in
sensitivity over the course of the experiment with the exception
of the fourth freeze-thaw cycle in the sample with no FCS.
Virus was not detected in this sample by virus culture or by
DFA.

FIG. 1. The mean EID50 and the mean TCID50 of equine influenza
virus in nasal secretions of foals from days 2 to 7 postchallenge.
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The results indicate that to ensure maximum sensitivity it is
advisable to attempt virus isolation from samples as soon as
possible after collection and prior to freezing. The omission of
FCS from the VTM decreases the viability of the virus on
freeze-thawing. An inhibitory effect was observed with FCS in
undiluted samples in tissue culture but was not evident in
diluted samples. Thus, samples that are to be tested by virus
isolation after freeze-thaw should have an alternative cryopro-
tectant or stabilizer included in the VTM, or if FCS is used,
they should be diluted in serum-free medium prior to attempt-
ing isolation in tissue culture. This is less important if the
samples are to be tested by DFA or PCR, assays that do not
require viable virus.

In conclusion, this is the first report of a comparison of
equine influenza virus isolation and quantification in embryo-
nated eggs and tissue culture and virus detection using a com-
mercial kit (DFA) and RT-PCR using primers from the matrix
and the nucleoprotein gene. The RT-PCR using the matrix
primers (3) was the most sensitive technique. It has recently
been introduced as a routine assay in our diagnostic laboratory.

We find the DFA to be a useful supplementary diagnostic test,
but a negative result does not preclude the possibility of influ-
enza virus infection. Virus isolation in embryonated eggs is
carried out routinely as it is essential for surveillance and
vaccine strain selection.
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