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Introduction1. 
Clinical symptoms of influenza are very similar to those 

of cold. To identify influenza, it is essential to detect the 
flu virus. For the detection, rapid diagnostic kits based on 
immunochromatography are widely used1).

To treat inf luenza, medications, such as oseltamivir 
and zanamivir, are used. Those medications have to be 
administered as soon as possible within 48 hours of developing 
symptoms2). Early diagnosis is critical in medical practice.

Reports have indicated that the existing rapid diagnostic 
kits are high in false negative rate especially when the patient 
has just developed flu and carries a very small amount of 
virus. Rapid diagnostic kits with higher detection sensitivity 
are very much required3).

Applying our accumulated photo technology to 
rapid diagnosis, we have developed a highly sensitive 
immunochromatographic rapid detection system using 
silver amplification. The detection system consists of “FUJI 
DRI-CHEM IMMUNO AG cartridge FluAB”, an influenza 
detection kit, and “FUJI DRI-CHEM IMMUNO AG1”, a 
densitometry analysis machine that automatically determines 
whether the result is positive or negative. This system was 
launched in October 2011 (Fig. 1).

This paper reports on the silver amplification technology 
that enables high-sensitive detection of influenza virus and 
the design technology for the detection kit together with 
examination of the effectiveness of the detection system.

Increasing Sensitivity of 2. 
Immunochromatography by Silver 
Amplification

Immunochromatography2.1 
Fig. 2 shows the principle of a typical immunochromatographic 

test.

(1) Take a specimen using the  
Q-tip supplied in the package 
and put it into the detection 
liquid.

(2) Drop the liquid onto 
the cartridge.

(3) Insert the cartridge into the
machine. 
    The machine determines 
    whether it is infected.

Influenza detection kit
FUJI DRI-CHEM IMMUNO AG cartridge FluAB

Densitometry analysis machine
FUJI DRI-CHEM IMMUNO AG1

Fig. 1 Highly sensitive immunochromatographic detection 
system for seasonal influenza virus.
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Fig. 2   Principle of immunochromatographic detection kit.
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When a sample liquid containing an antigen (virus) is 
dropped onto the sample drop section, the labeled antibody 
in the conjugate pad is specifically bound to the antigen. The 
sample liquid is spread horizontally (to the right in Fig. 2) by 
the capillary force of the porous carrier and absorbed by the 
absorber. The detection line on the porous carrier is coated 
with an antibody that reacts specifically with a virus. The 
label is fixed to the detection line with the virus sandwiched 
between the antibody and the labeled antibody. That colors 
the detection line and indicates that the result is positive.

Common substances used as the label include gold 
particles and dyed latex particles. Gold particles are widely 
used because it is easy to modify an antibody with them as 
they are 10 to 100 nm in particle size and vivid red due to the 
surface plasmon.

Increasing Sensitivity by Photographic 2.2 
Technology

The principle of photography is to generate a development 
nucleus by feeble light and, using the nucleus as a catalyst, 
produce a large silver particle by reaction of a developer to 
visualize it. In other words, it is amplification to transform a 
small substance to a large silver particle.

The amplification technology we have honed through years 
of photography development is applied to the technology for 
increasing the sensitivity of immunochromatography. Gold 
colloid, the label for immunochromatography, is used as a 
catalyst just like a development nucleus of photography. 

Silver Amplification of Gold Particle Label2.3 
There are many methods of the amplification technology, 

for example, the instant photographic technology and the dry 
silver photographic technology employed for x-ray film. We 
have examined those methods in various aspects, and as a 
result, found that physical development is the most suitable 
for immunochromatography.

Physical development is to supply silver ions and a 
reducing agent to the photographic film from the outside 
and increase the size of silver particles using the small silver 
particles in the film as a catalyst. We studied this technology 
in depth from the late 1970s to the early 1980s when we put 
our effort to save silver in silver halide photography as silver 
price soared.

Based on this technology, we designed formulation for 
producing large silver particles quickly. We successfully 
produced silver particles with a diameter of more than  
10 μm using divalent iron (Fe2+) as reducing agent and 50 nm 
gold particles on a porous carrier as a catalyst. In addition, 
we developed technology for reducing forming of silver 
particles where no gold particles exist (fogging). As a result, 
we have succeeded in formulating an amplification liquid 

that multiplies visibility more than 1,000 times. Fig. 3 shows 
an electron micrograph of an amplified silver particle. Fig. 4 
shows improvement in visibility expressed by optical density 
(Δ O.D.). We had a known amount of gold labels adsorbed 
to a porous carrier used for immunochromatography and 
compared those before and after amplification to check how 
the visibility increased. The chart shows that the visibility 
has multiplied more than 1,000 times.

Gold particle prior to amplification
(approx. 50 nm)

10 µm silver particle produced 
after amplification

Detection line

<Amplification>
Silver ion + reducing 
agent (Fe2+)

Metal silver after amplification reaction (10 µm)

Gold label prior to amplification (50 nm)

Labeled antibody

Antigen (virus)

Capture antibody

Fig. 3 Large silver particle formed by the silver amplification 
method.
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Fig. 4   Visibility improved by the silver amplification method.

Reducing Background2.4 
In an ordinary immunochromatography, quite a number 

of gold labels remain in areas outside the detection line 
(background). Because of the characteristics of amplification 
reaction, the larger the number of gold labels is, the smaller 
the change in optical density after amplification becomes.

Even when the number of gold labels captured in the 
detection line by antigen-antibody reaction is same, if the 
background is high, the visibility (Δ O.D.) does not increase 
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very much. Fig. 5 shows a chart representing this problem. In 
order to make the most of the amplification technology, we 
had to reduce the background.

Relative number of gold labels

<Relationship between number of gold labels and O.D. after amplification>
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Fig. 5   Effect of reducing the background.

We have found that background gold labels are divided 
into two: (1) gold labels dispersed and floating in the sample 
liquid in holes in the porous carrier and (2) gold labels 
adsorbed non-specifically to the ingredients of the porous 
carrier and the detection line. We have reduced the gold labels 
(1) to about one thirtieth by adding washing process before 
amplification. For specific washing method, see Section 3.2. 
We have reduced the gold labels (2) by removing the part of 
the labeled antibody liable to non-specific adsorption and 
using a newly developed non-specific adsorption inhibitor.

Prevention of False Negative Rate Resulting 2.5 
From Increase in Sensitivity

When a sample liquid containing no virus is tested by 
the conventional immunochromatography using gold label, 
even if more gold labels are non-specifically adsorbed to 
the detection line than to other areas and unless the amount 
of gold labels exceed the visibility limit, the labels are not 
visible and false negative result does not occur.

In immunochromatography with silver amplification, a 
small difference in the number of gold labels is amplified 
to produce strong color and therefore this method is prone 
to false negative results. When silver amplification is 
conducted, the non-specific adsorption of gold labels by 
the detection line must be drastically reduced. We have 
solved this problem by removing the part of the labeled 
antibody liable to non-specific adsorption as described above.  
Fig. 6 shows reduction in gold labels adsorbed non-
specifically to the detection line when a sample liquid without 
virus is tested.
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Fig. 6 Improvement in decrease of non-specific adsorption at the 
detection line.

Silver Amplified Immunochromatography 3. 
Packed in a Cartridge

Many conventional immunochromatographic tests are very 
simple. All you have to do is to drop a sample liquid onto the 
kit and see whether the detection line is colored. Our silver-
amplified technology additionally requires washing process 
and amplification process. That could make the operation 
much complicated than those of the conventional methods.

We have found a way of avoiding complex extra steps. We 
have even simplified the operation by designing the machine 
to form a judgment automatically. The user only needs to 
drop a sample liquid onto the cartridge and insert it into 
the machine and he/she will get a result. The new method 
requires the same or less operation by the user than the 
conventional immunochromatographic tests.

The new method, however, requires a machine, which 
was not necessary before. We had to make the machine as 
small as possible so that it could fit into small space on a 
table in a clinic. We have made the machine compact by 
simplifying the movement of the machine. The machine only 
“presses” the parts of the cartridge. The cartridge is designed 
to control supply of the amplification liquid when “pressed.” 
Furthermore, we have added the following functions to the 
detection kit to meet user needs (Fig. 7).

Intermediate member
• Hold the washing liquid supply pads.
• Hold the amplification liquid container.
• Control liquid supply.

Reducing agent container

Silver ion container

Absorber
Porous carrier

Sample drop section
Immunochromatographic test strip

Sample drop hole

Underside

Washing liquid supply 
pads are fastened.

Fig. 7 Configuration of the cartridge of silver amplification 
detection kit.
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(1) All-in-one design
•  The cartridge contains the amplification liquid. Washing 

and discharge of the amplification liquid are done by the 
machine.

•  No supplies other than the cartridge need to be stored or 
disposed of.

(2) Stability in storage
•  The amplification liquid is stabilized. It will keep for two 

years if stored in a temperature of 30°C.
The key to achieving those functions is the technology below.

Storage of Amplification Liquid3.1 
When the reducing agent (Fe2+) and silver ion solution 

(Ag+) are mixed, even if there is no catalyst, the reaction 
gradually takes place. For stability, they have to be stored 
separately. We have decided to fill the reducing agent and the 
silver ion solution in two separate resin containers, seal them 
and place the containers in the cartridge.

To seal the containers, a sheet with metal foil and resin 
layers is thermal-welded to each container. The sealing 
sheet is required to have two opposite characteristics: it 
must be easily torn to discharge the amplification liquid in 
the cartridge and supply onto the porous carrier as well as it 
must serve as a good barrier. When the resin layer is thinner, 
the sheet is easier to tear. But, the resin layer may melt away 
by thermal welding. That will cause the metal foil to touch 
the amplification liquid and deteriorate the liquid. We have 
selected a material that is easy to tear even with a thick resin 
layer and we have found the optimum sealing conditions 
(heater temperature, pressure and welding time) to leave the 
resin layer after welding.

The reducing agent Fe2+ is deteriorated by oxidation. We 
have put a deoxidant in the package. And, we have achieved 
the storage stability of two years at 30°C.

Washing, Supply of Amplification Liquid 3.2 
and Amplification Reaction

The reducing agent and the silver ion solution are fed 
inside the cartridge in this way.

When the sample liquid has dropped onto the sample 
drop section, antigen-antibody reaction is initiated just as the 
conventional immunochromatographic tests. According to 
the amount of the antigen, the corresponding amount of gold 
labels is bound to the detection line.

The machine presses the intermediate member as shown 
in Fig. 7 and that brings a washing liquid supply pad into 
contact with the porous carrier. The machine then pushes 
in the reducing agent container and that discharges the 
reducing agent to the other pad. The reducing agent is 
fed in perpendicular direction to the flow direction of the 
sample liquid and thereby washing the porous carrier. The 
f lowing force of the reducing agent is generated by the 
capillary force of the porous carrier and the washing supply 
liquid pad. While washing the carrier, the reducing agent 

fills the holes in the porous carrier. This process does both 
washing to remove excessive gold labels and supply of the 
reducing agent. The liquid supply process in the cartridge 
is thus simplified. We have confirmed that the number of 
background gold labels on the porous carrier is reduced to 
about one thirtieth by the washing.

Next, the silver ion solution is immediately filled into 
the space between the intermediate member and the porous 
carrier (Fig. 8). As a result, the amplification reaction takes 
place uniformly over the porous carrier. We believe that 
any other supply method can hardly achieve this uniform 
amplification reaction. For instance, when the reducing agent 
and the silver ion solution are mixed outside and when the 
mixture is spread by the capillary force of the porous carrier, 
silver particles do not form uniformly in the direction of 
f low of the amplification liquid. That makes very uneven 
amplified surface.

In addition to the mechanism above, the cartridge has the 
following mechanisms. The cartridge is structured to block 
f low of the sample liquid when the intermediate member 
is pressed. If the sample liquid flows to the washing liquid 
supply pad during washing or amplification reaction, the 
reducing agent may not do substitution properly and the 
amplified surface will be affected. Another mechanism shuts 
off air and allows only the silver ion solution to fill the space. 
If air gets in while the silver ion solution is filling the space, 
the amplification reaction does not occur on the surface in 
contact with air. This mechanism is achieved by shape design 
of the cartridge and adjustment of the contact angle between 
the silver ion solution and the intermediate member.

Silver ion container Sample drop hole
Intermediate member

Porous carrierAbsorber Sample drop section

Pressing of silver ion container

Discharge of 
silver ion solution

Filling of 
space

Cross 
section

Enlargement

Pressing of intermediate member

Fig. 8 Schematic description of pumping of Ag+ solution in the 
cartridge.

Performance Evaluation4. 
We have evaluated the performance of the highly sensitive 

immunochromatographic detection system using the silver 
salt amplification configured with the technologies above 
in diagnosis of influenza. This evaluation was conducted 
with the approval of the Ethics Committee of EIJU General 
Hospital. The data in this section are taken from the article 
No.4 in References.
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(1) Sensitivity Test of Diluted Specimens
We used nasal specimens taken from patients with 

their consent in 2009 and frozen. In the virus cell culture 
test, two specimens were positive for A(H1N1)pdm 2009 
virus and two specimens were positive for type B virus. 
We defrosted these specimens immediately before testing. 
We diluted the specimens with saline and compared the 
detection limit concentrations of the silver amplif ied 
immunochromatography and Espline Influenza A & B-N 
(Fujirebio Inc., hereinafter “Espline”). Espline was reported 
to be one of the highest-sensitivity influenza rapid diagnostic 
kits sold in Japan as of 20115).

Table 1 shows the result. The score (2+) indicates that 
the test line is colored strongly, (+) indicates that the line 
is colored and (-) indicates that the line is not colored. The 
results (2+) and (+) are judged positive. Comparison of 
detection limit concentrations shows that the highly sensitive 
immunochromatographic rapid detection system using silver 
amplification is 16 times more sensitive than Espline A or 8 
to 16 times more sensitive than Espline B.
(2) Clinical Test

Using 120 nasal specimens of outpatients who visited 
Zama Children’s Clinic because of influenza-like symptoms 
during the flu season from 2009 to 2010, we compared the 
silver amplified immunochromatography with Espline in 
sensitivity and specificity.

From each patient, three nasal specimens were 
collected. We used each specimen for the silver amplified 
immunochromatography, Espline and the virus cell culture test.

Table 2 shows the clinical test result. Among the 120 
specimens, 67 specimens were positive in the virus cell 
culture test or real-time RT-PCR. All of them were A(H1N1)
pdm 2009 virus. Among the 67 specimens, 51 specimens 
were positive in the Espline test and 55 specimens were 
positive in the silver amplified immunochromatography. As 
a result, the sensitivity (positive agreement rate) of the silver 
amplified immunochromatography is 82.1%. It is 6 points 
higher than that of Espline, which is 76.1%. The specificity 
(negative agreement rate) of the immunochromatography is 
98.1%, which is sufficiently high (Table 3).

About the four specimens in which the results differed 
between the two test kits, we compared the amounts of virus 
in the specimens used for each kit using real-time RT-PCR. 
It was not the case that the specimens used for Espline 
contained more virus than those used for the silver amplified 
immunochromatography. That suggests the difference in 
result did not arise from the difference in the amount of virus 

but from the difference in sensitivity of test kit.
Table 4 shows changes in sensitivity by time from the 

onset of symptoms and the number of specimens. Among 
the four specimens that differed in result, two specimens 
were taken within 6 hours from the onset and the other two 
were taken more than 48 hours after the onset. That indicates 
the silver amplified immunochromatography has reduced 
overlooking of infection by increase in sensitivity at the early 
stage when the amount of virus is still small as the virus is 
just multiplying and at the late stage when the amount of 
virus is small as the patient is recovering.

Table 2    Performance of silver amplification and Espline 
compared with virus cell culture and/or real-time 
RT-PCR.

AH1N1 (2009) Silver Amplification
total

Cell culture + RT-RCR + −

+ 55 12 67

− 1 52 53

total 56 64 120

AH1N1 (2009) Espline
total

Cell culture + RT-RCR + −

+ 51 16 67

− 0 53 53

total 51 69 120

Table 3   Sensitivity/Specificity.

AH1N1 (2009)
Silver Amplification Espline

Cell culture + RT-RCR

Sensitivity 82.1%
(70.1%−90.4%)

76.1%
(64.1%−85.7%)

Specificity 98.1%
(89.9%−100%)

100.0%
(93.3%−100%)

95%C.I. in parenthesis.

Table 4   Time elapsed after onset and sensitivity.

Time from 
onset (h)

Silver Amplification Espline

Sensitivity n
+/total Sensitivity n

+/total

~6 84.6% 11/13 69.2% 9/13

6~12 75.0% 3/4 75.0% 3/4

12~24 76.0% 19/25 76.0% 19/25

24~48 90.0% 9/10 90.0% 9/10

48~ 100.0% 4/4 50.0% 2/4

No Data 81.8% 9/11 81.8% 9/11

total 82.1% 55/67 76.5% 51/67

Table 1   Detection limits using nasal aspirates.

Influenza Type A-1 Influenza Type A-2 Influenza Type B-1 Influenza Type B-2

concentration Espline Silver
Amplification Espline Silver

Amplification Espline Silver
Amplification Espline Silver

Amplification

1 + 2+ + 2+ + 2+ + n.d.

1/2 − 2+ − + − 2+ − n.d.

1/4 − + − + − 2+ − n.d.

1/8 n.d. + n.d. + n.d. 2+ n.d. +

1/16 n.d. + n.d. + n.d. + n.d. −

1/32 n.d. − n.d. − n.d. − n.d. n.d.
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Conclusion5. 
Most of the inf luenza virus antigen detection kits 

available in Japan use immunochromatography as the 
principle of measurement. According to the basic study 
by Tagawa et al., the minimum detection sensitivity can 
widely vary with the inf luenza virus type or subtype6). 
Some kits are improved in the detection sensitivity 
by combin ing im munoch romatog raphy with new 
technology and already commercialized. They include 
the platinum immunochromatography using platinum 
instead of a gold colloid label7) and the enzyme amplified 
immunochromatography8) combining enzyme immunoassay. 
They are clinically proved to be improved in precision.

Our new immunochromatographic detection system 
is improved in sensitivity by application of photographic 
development technology. Amplification by photographic 
development technology has been applied to histological 
s t a in ing9) and ELISA10).  It  has been appl ied to 
immunochromatography before11). However, the amplification 
was not enough and the reaction took several tens of minutes. 
The detection sensitivity and response speed could not be 
sufficiently improved.

The newly developed silver amplification technology, as 
described in Section 2, amplifies the signal particles more 
than 100 times quickly and increases the sensitivity. The 
sensitivity is also improved without reducing the specificity, 
as proved clinically, by using antibody with the Fc area 
removed as the label and adding a washing process. As 
reported in Section 3, this system has an all-in-one structure 
in which the liquids for amplification are packed in the 
cartridge so that the amplification process is performed by 
the machine. That has made the system as simple as the 
conventional rapid diagnostic kits.

Although the number of specimens for the clinical 
evaluation is rather small, the system is compared directly 
with Espline, one of the highest-sensitivity influenza rapid 
diagnostic kits available as of 2011 in Japan. This comparison 
shows that our detection system is higher in sensitivity and 
good in specificity. The specimens different in result between 
the two kits are those taken within 6 hours and more than 48 
hours after the onset of symptoms. The amount of virus is 
considered small at those stages. That indicates the silver 
amplified immunochromatographic system is expected to 
be more useful for specimens under the conditions liable to 
cause a false negative result.
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