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NOTE Virology 

Evaluation of Antigen Detection Kits for Diagnosis of Equine Influenza 
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) and Tomio MATSUMURA 1) 

I)Epizootic Research Center， Equine Research Institute， Japan Racing Association， 1400-4 Shiba， Shimotsuke， Tochigi 329ー0412，Japan 

(Receiv巴d5 July 2007/Accepted 27 September 2007) 

ABSTRACT. ln this study， we evaluated whether five rapid antigen d巴tectionkits for human influenza could be used for the diagnosis of 
equine influenza (EI). Limiting dilution analyses showed that Directigen Flu A+B and ESPLlNE lNFLUENZA A&B-N had the highest 
s巴nsitivitiesto equine-2 influ巴nzaviruses (EIVs) among th巴 kitsinvestigated. From th巴 resultsof virus detection in nasal swabs taken 
from horses inf，巴ct巴dwith EIV， these two kits could produce positive results in reasonable agreement with those obtained by virus iso-
lation or RT-PCR， suggesting that these kits could be useful for rapid diagnosis of EI in the field. However， from the viewpoint of spec-
ificity for EIV， Espline seems to be superior to Directigen 
KEY WORDS: diagnosis， equin巴influenza，rapid antigen detection. 

Many outbreaks of巴quineinfluenza (EI) have been 
caused by equine-2 influenza viruses (EIVs， H3N8). This 
disease is an acu臼 respiratorydisease characterized by pyr-
exia， depression， coughing and nasal discharg巴andis often 
complicated by secondary bacterial infections that can lead 
to pneumonia and death [12]. EIVs continue to circulate 
worldwide with the exception of a small number of coun-
tries， such as New Zealand and Iceland， where EI has n巴ver
been recorded [12]. Traditionally， the gold standard for the 
diagnostic method of EI has been virus isolation from 
nasopharyngeal swabs using巴mbryonatedhen's eggs and/or 
MDCK cells [12， 13]. In recent y巴ars，RT-PCR has been 
introduced for diagnosis of EI. However， these established 
techniques are time consuming and require expensive 
巴quipmentand reagents， as well as technical exp巴rtise.
Since EI is highly contagious and introduction of a single 
infected horse can result in explosive spread of virus in 
hors巴s[12， 13]， the established diagnostic methods are not 
sufficient for rapid isolation of infected animals from 
healthy animals in v巴terinarypractice. In addition， since 
early initiation of antiviral treatment for horses infected with 
EI by neuraminidase inhibitor is r芭quiredto obtain a satis-
factory outcome， an easy and rapid diagnostic system for EI 
in the field is strongly required for minimizing the sp陀 adof 
EIV among horses when EI occurs [14]. 

Recently， sev巴ralrapid antigen detection (RAD) kits have 
become comrnercially available in Japan [5]. These RAD 
kits ar巴 designedto detect the nucIeoprotein (NP) of the 
genuses inf1uenza A and B viruses， without r芭quiringaddi・

tional reagents， equipment or degree of expertise [15]. 
Since EIV is cIassified into the species Influenza A virus 

[12]， it is anticipated that the RAD kits would work for rapid 
diagnosis of EI. The Directigen Flu A (Becton-Dickinson) 
and Binax NOW Flu A test kits (Binax， Scarborough， ME， 

U.S.A.) have been reported to be useful for diagnosis of EI 
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[4，9]. However， these reports were based on the sensitivi-
ties for old EIV strains (A1equine/Kildare/89 or A/equine/ 
Sussex/89). Although several RAD kits are available， the 
p巴rformancesof RAD kits for diagnosis of EI， except for 
these two kits， are poorly understood. Th巴 mainobject of 
this study was to evaluate the performances of plural RAD 
kits on the basis of the sensitivities of each kit to recent EIV 
isolates and then to compare the utilities of the kits for diag 
nosis of EI with virus isolation using embryonated hen's 
eggs and RT-PCR [11]. 

First， in order to evaluate the sensitivities of th巴RADkits 
for EIV s， we compar巴dth巴detectionlimits of the five RAD 
kits that were comrnercially available in Japan at the begin-
ning of the巴xp巴riment(as of June in 2006) for A1equine/ 
South Africa/4/03 (SA/03) and A/equine/Avesta/93 
(A vesta/93). The features of the RAD kits in this note are 
summarized in Table 1. Since SAl03 is cIassified into the 
Florida sublineage， which is predominant in the world， this 
strain is currently recommended as a vaccine strain by the 
Office Intemational des Epizootiω(OIE) [3， 7]. A vesta/93 
is of European lineage and is also recomrnended as a vac-
cine strain by OIE [3， 7]. These EIVs were propagated in 
the allantoic cavity of lO-day-old embryonated hen's eggs. 
The harvested allantoic f1uids were centrifuged at 1，500 x g 
for 15 min， and the supematants were used as the virus 
stocks without further purification in this study. The titers 
of the virus stocks of SAl03 and Avesta/93 were 107.3 50% 

egg infectious dose (EID5o)/200μl and 1055 EID501200μl， 
respectively. Serial ten-fold dilutions of each virus stock 
wer巴 madein lactose broth medium (Nissui， Tokyo， Japan) 
containing 0.004% (w/v) gentamicin sulphate (Gentacin 
i吋巴ction，Schering-Plough， Osaka， Japan; LBM)， and 200 
μl of each these viral dilutions was mixed with the extrac-
tion solution bundled with each RAD kit in this study. The 
procedures for antig巴ndetection were conducted according 
to the manufacturer's instructions of each RAD kit. The 
detection limits of the RAD kits for two of the EIV strains， 
SA/03 and Av巴sta/93， are represent巴din Tables 2 and 3， 
resp巴ctively.Directigen Flu A+B (Directigen) and 
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Table 1. The characteristics of the rapid antig巴ndetection kits used in出isnote， RT-PCR 
and virus isolation 

Approximate 
duration of test 

(即日)

Principle of kit 

15 Membrane immunoassay 

15 Lateral-flow immunoassay 

15 

15 

8 
240 
3 days 

Lateral-flow immunoassay 

Lateral-flow immunoassay 
Membrane immunoassay 

Quick S-influ A.B (Denka Seiken)') 
QuickVue Rapid SP influ (DS Pharma 
Biomedical)') 
ESPLINE INFLUENZA A&B-N 
(Fuj町ebio)吋

Capillia Flu A+B (Alfresa)叫

Directigen Flu A+B (Becton-Dickinson)') 
RT-PCRb

) 

Virus isolationb) 

Method 

a) Name of rapid antigen detection kit (distributor) 
b) See text for details. 

The supernatants were divided into aliquots and stored 
below -70oC until analyzed. For virus isolation， 200μlof 

the supernatants diluted 1: 10 (v/v) in LBM were injected 
into the allantoic cavities of 10-day-old embryonated hen's 
eggs (four eggs p巴rsample). The allantoic fluid was har-
vested after 72 hr of incubation at 340C and tested by 
hemagglutination (HA) using 0.5 % h巴n's red blood cells. If 
HA was observed， quantification assays were carried out to 
deterrnine the viral titers of the nasal swab specimens [10]. 
Viral RNA was extracted from 100μ1 of each sample using 
a MagNA Pure LC Total Nucleic Acid Isolation Kit (Roche 
Diagnostics， Tokyo， Japan) and was eluted in 100μlof 10 
mM Tris-HCI and 1 mM EDTA at pH 8.0 (TE). Amplifica-
tion was perforrned by a PRISM 7，000 s巴quencedetection 
system (Applied Biosystems， Tokyo， Japan) with TaqMan 
EZ RT -PCR Core Reagents (Applied biosystems， Tokyo， 
Japan). Forty fiveμ1 RT-PCR mix consisting of 8μ1 of 25 
mM Mn(OAc)2; 10μ1 of 5 x EZ RT-PCR buffer; 2μlof 

rTth polymerase (2.5 unitl.μ1); 1.5μ1 each of 10 mM dATP， 

10 mM dCTP， 10 mM dGTP and 20 mM dUTP; 0.5μ1 each 
of 20μM LP11/93-1067F primer， 20μお1:LP/931ー1137R
primer， 1μ1 of 5μM LP/1/93-1095T probe and 17μlofTE 
were used for RT -PCR. In this study， 5μ1 ofthe sample elu-
tion was added to th巴 RT-PCRmix. The primer set， probe 
and thermal cycle conditions were previously described by 
Sugita and Matsumura [11]. 

The results are summarized in Table 4. EIV was first iso-
lated on day 1 post-infection and persisted for a mean period 
of 6.7 days. The peak virus titers were observ巴don day 2 
post-infection in all horses and ranged from 103.0 to 103.2 

EID501200μ1. The two RAD kits were not as sensitive as 
virus isolation or RT -PCR. In particular， these kits were less 
sensitive in early-and lat巴ー infectionwhen a small amount 

of virus was shed. However， the two kits were capable of 
producing positiv巴 r巴sultsin reasonable agre巴mentwith 
those obtained by virus isolation or RT-PCR during most of 
the period of virus shedding from days 2 to 5 or 6 post-iぱec-
tion. Despite disagreement between the results of the RAD 
kits on day 7 post-infection for Horse 2， these two kits 
seemed to have almost equal sensitivities to the EIVs in the 

Table 2. Detection limits of出efive RAD kits for Nequine/South 
Africal4/03') 

x]()" 

Quick S-influ A.B 
QuickVue Rapid SP influ 
ESPLINE町FLUENZAA&B-N 
Capillia Flu A+B 
Directigen Flu A+B 

Dilution 
xlO xlO2 xlO3 

+ 

+ 

+ 

+ 

+ 

xl 

+
+
+
 

Me出od

+ 

a) Serial ten-fold dilutions of the virus stock (107.3 EID501200μ1) were 
made in lactose broth medium containing 0.004% (w/v) gentamicin 
sulphate， and 200μ1 each of these viral dilutions was mixed w油

the extraction solution bundled with each RAD kit 

+ + + 

Detection limits of白巴白veRADs for Nequin巴IAvestalTable 3 
93') 

xlO3 

Quick S-influ A.B 
QuickVue Rapid SP influ 
ESPLINE INFLUENZA A&B-N 
Capillia Flu A+B 
Directig巴nFlu A+B 

Dilution 
xlO xl02 

+ 

+ 

+ 

xl 

+
+
+
 

Me出od

+ 

a) Serial ten-fold dilutions of the virus stock (105.5 EID501200μl) were 
made in lactose broth medium containing 0.004% (w/v) gentamicin 
sulphate， and 200μ1 each of th巴seviral dilutions was mixed with 
the extraction solution bundled with each RAD. 

+ + 

ESPLlNE INFLUENZA A&B-N (Espline) exhibited the 
highest sensitivities to EIVs among the RAD kits tested in 
this study， and thus were chosen for the further study. 

Subsequently， in order to compare the sensitivities for 
EIV detection from nasal swabs ofthe two RAD kits (Direc-
tigen and Espline) with those of virus isolation and RT-
PCR， three two-y巴ar-oldhorses were infect巴dwith 108.6 

EID50 in 20 ml of SN03 using an ultrasonic nebulizer (Son-

iclizer 305， ATOM， Tokyo， Japan). Nasal swabs were col-
lected for seven cons巴cutivedays after infectIon as 
described by Mumford et al. [6]. The swabs were immersed 
in 2.5 ml of LBM and centrifuged at 1，500 x g for 15 min 



191 PARID DlAGNOSIS OF EQU町EINFLUENZA

Table 4. Detection of virus by isolation， RAD kits and RT-PCR in nasal swabs from horses 
infected experimentally with Alequine/South Africa!4/03 

ESPLINE 
INFLUENZA 

A&B-N 

RT-PCR Directigen F1u 
A+B 

Titer") Virus 

isolation 
Horse and day 
post-infection 

一
+
+
+
+
+

一
+
+
+

+ 
+ 

一
+
+
+
+
+
+

一
+
+
+
+

一
+
+
+
+

-
u
nu
弓

3

，、un
U
7，

・

・

l

・

2

3

2
三

2

1

一
+
+
+
+
+
+

'
E

今
z'h

司、d

ρLE

ρト
w

ρ

L

V

時

0
1
2
3
4
5
6
7
8
m
0
1
2
3
4
5
6
7
8
m
0
1
2
3
4
5
6
7
8

0

0

0

 

H

H

H

 
一
+
+
+
+

一
+
+
+
+
+

一
+
+
+
+

一
+
+
+
+
+
+

::;1.3 

3.0 
1.7 
2.0 

1.5 
::;1.5 
::;0.7 

5
2
7
7
0
0
5
 

••••• 2
E
司
令

u
'
E
'
E
今

4

今
，L
E
E

一
+
+
+
+
+
+
+

一
+
+
+
+
+
+
+

equine respiratory pathogens other出anEIV，巴quinehe中es-
virus (EHV)ー1(l 056 PFU1200μ1)， EHV -4 (l065 PFU1200 
μ1)， 4 strains of Streptococcus equi subsp. equi [S. equi， 

ミ106.0colony forrning unit (CFU)/m/] and 4 strains of Strep-
tococcus equi subsp. zooepidemicus (S. zooepidemicus， 

ミ1060CFU/m/) w巴retested using these kits. The results are 
summarized in Table 5. The results with Espline for all 
pathogens tested were negative. In contrast， one strain 
(6708) of S. zooepidemicus produced a positive result for 
influenza A virus and 3 strains (W60， 6708 and 6729) of S 
zooepidemicus produced positive results for influenza B 
virus with Directigen. S. zooepidemicus is a comrnon com-
mensal organism in the equine tonsil and nasopharynx and 
is often associated with an opportunistic respiratory infec-
tion [1]. Although w巴didnot isolat巴S.zooepidemicus from 
the two nasal specimens that produced false positive results 
with Directigen， S. zooepidemicus might have played a role 
in those results. Further study is be needed to clarify this 
point. Thus， the positive results with Directigen should be 
judged by careful consideration of the possibility of a false 
posltJVe reactJOn. 

In conclusion， although a n巴gativeresult does not pre-
clude the possibility of EIV infection， Espline and Directi-

a) Log EID501200μ1. 

nasal swab samples. 
Due to its rapid transmission， once a horse infected with 

EI is detected， prompt isolation of the horse from other 
healthy horses is required. Therefore， it is essential that 
such RAD kits are highly specific for influenza virus. To 
test the specificities of Directigen and Espline， nasal swab 
sp巴cimensfrom 93 Thoroughbred racehorses with acute 
pyrexia (above 38.50C) kept at the Ritto and Miho Training 
Centers of the Japan Racing Association (Shiga and Ibaraki 
Prefectures， respectively， Japan) were analyzed. Because 
no occurr巴nceof EI has b巴巴nreport巴din Japan since 1972 
and there was no outbreak of flu-Iike illness at these centers 
during collection of the sp巴cimens(from January to May of 
2007) [2]， it was thought that these specimens did not con-
tain EIV. All the results with Espline w巴renegative. In 
contrast， 2 sampl巴sgave positive results for both influenza 
A and B virus巴swith Directigen. The results of th巴sesam-
ples with RT-PCR for EIV were negative. It is generally 
accepted that influenza B virus infection is restricted to 
humans and seals [8]. Based on the above， the positive 
results for the influenza A and B virus巴sgiven by Directigen 
were thought to be false. 

Moreover， to exarnine whether these kits cross-r巴actwith 



T. YAMANAKA， K. TSUJIMURA， T. KONDO AND T. MATSUMURA 192 

Table 5. Cross-reactions with equine respiratory pathogens other than EIV for Directigen 
Flu A+B and ESPLINE INFLUENZA A&B-N 

ESPLINE INFLUENZA A&B-N 

A B 

Dir巴ctlg巴nFlu A+B 

A B 
Pathogen (strain)') 

EHV -1 (89c25p) 
EHV-4 (TH20p) 

S. equi (CF32) 
S. equi (Hidはa)

S. equi (NCTC) 

S. equi (Iex) 
S. zooepidemicus (W60) 

S. zooepidemicus (6708) 

S. zooepidemicus (6729) 
S. zooepidemicus (7) 

一
+
+
+

+ 
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