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1. Choosing the right membranes for immunoassay development

Learn more about the different nitrocellulose membranes suitable  
for lateral flow immunoassays

Nitrocellulose membranes are arguably the most important membranes used in lateral flow 
tests, capturing the target and control molecules, and maintaining their stability and activity 
to produce a reliable signal. Several variants of nitrocellulose membranes are available, 
including those with different thicknesses, pore size, porosity, and surfactant content, 
influencing the membrane’s flow rate, wet strength, and binding capacity. The optimal 
nitrocellulose membrane used in each application will depend on several factors, including 
the sample viscosity and the kinetic properties of the reagents used. Below are examples of 
the main types of nitrocellulose membranes from Cytiva used for lateral flow immunoassays 
and their suitability toward different sample types and applications (Fig 2).

Nitrocellulose membranes remain the most used and are well-liked for their liquid flowing 
characteristics although they can provide challenges due to natural variation causing 
inconsistencies with flow rates, protein binding, and background. One other limitation is that 
they have a finite lifespan which can often be one of the shortest of all components in the 
test, which will limit the shelf life claim for a finished in vitro diagnostic (IVD) product.

Fig 2. A schematic of commonly used sample types in lateral flow assays, with the optimal choice of nitrocellulose membranes.

Optimizing COVID-19 lateral flow assay membranes
Initially, most COVID-19 lateral flow immunoassays contained a cellulose sample pad, glass 
fiber conjugate pad, nitrocellulose membrane, and cellulose absorption pad (6). Despite the 
careful selection of these components, the sensitivity of these tests was still largely inferior 
to lab-based methods. 

For example, the rapid COVID-19 antigen tests were estimated to detect viral particles 
at levels of 100 000 to 1 000 000 viral genome copies/mL of sample, whereas lab-based 
methods, including real-time (RT)-PCR, were estimated to detect as little as 1 to 100 copies/
mL (7). The lower sensitivity of lateral flow immunoassays increased the risk of false negative 
results and meant that these tests were less effective at detecting asymptomatic or early 
stages of the virus.

In efforts to optimize the sensitivity of COVID-19 POC testing, research groups have since 
optimized the membranes used in lateral flow products.
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An introduction to lateral flow assay membranes

Fig 1. The various pads and membranes typically required for lateral flow assays.

Lateral flow assays require a specialized set of membranes and pads, including a sample pad 
or blood separator, conjugate release pad, nitrocellulose membrane, and absorption pad. 
Each of these components has essential assay functions (Fig 1; Table 1).

Generally, a good choice for the sample pads is low-to-medium weight cotton linter 
membranes, as these offer fast flow rates with high loading capacity and fine particle 
retention. However, glass fiber may be more suitable if a faster flow rate is required. When 
using blood or serum samples, a blood separator should be used to retain the red blood cells 
(and stop subsequent staining of the test), whilst releasing the rest of the biological material. 
For blood separators, a high plasma recovery material such as asymmetric polysulfone is 
desirable, or if motivated by a lower-priced test, a glass-fiber filter could be selected.

For the conjugate release and absorption pads, glass-fiber membranes are the most 
common choice, offering high absorption capacity, conjugate release rates, tensile strength, 
and fast rewetting. For the test membrane, nitrocellulose membranes are almost universally 
chosen, due to their rapid capillary flow rate and high protein binding capacity (Table 1).

Table 1. An overview of the pads/membranes used in lateral flow assays. The component, functions, and their 
optimal choice of membrane material is included

Component Function Optimal membrane material

Sample pad/blood separator Retains unwanted particles, allowing 
the analyte to pass through

Cotton linter, asymmetric 
polysuflone, or glass fiber

Conjugate release pad Releases the conjugate, which binds 
to the target analyte 

Glass fiber

Nitrocellulose membrane Contains immobilized proteins that 
interact with the sample to generate 
a signal

Nitrocellulose

Absorption pad Acts as a sink for excess sample 
and buffer

Cotton linter
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Possible reasons
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Hydrophilic interaction between conjugate and test line 
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Increase NaCl concentration in pads or run test at 
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Which type of test are you developing?

Flow-through Line blot Lateral-flow 

Nitrocellulose membranes for use in flow-through and blotting applications with a 
small pore size for low nonspecific binding and greater sensitivity of small proteins.

• Manufactured for vertical-flow assays: removes problems caused by capillary rise

• Small pore structure: accurate results, low nonspecific binding, greater sensitivity

• 100% pure nitrocellulose: provides high binding capacity

• Autoclavable

Key considerations for flow-through assays
• Pore size: smaller pore size equates to higher surface area for conjugates to rest 

on and, therefore, higher protein binding capacity. However, higher binding 
capacity comes with a cost of slower flow rate.

• Backing adds mechanical support to the membrane. Use of an unbacked 
membrane might be good enough depending on mechanical load of the sample.

What type of protein is being captured on the membrane?
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What is the molecular weight of the capture protein on the membrane? What is the molecular weight of the capture protein on the membrane?What is the viscosity of the sample liquid?

BA83

BA85

Please contact a
Cytiva Diagnostic

Specialist

 BAS83/85 
Please contact a Cytiva

Diagnostic Specialist

 BA85

Biodyne™ B

 BAS83/85 
Please contact a Cytiva

Diagnostic Specialist

 BAS83/85 
Please contact a Cytiva

Diagnostic Specialist

Do you want a supported membrane?

Yes No

Do you use the reverse hybridization method of nucleic acid purification (NAP)?

Yes No

Do you want a supported membrane?

Yes No

Do you require a membrane laminated 
on a self-adhesive backing?

Yes No

Do you want a supported membrane?

Yes No

Low Medium

BA83

High

Request now

BA85BA79

Low Medium

BA83

High

BA85BA79

Low
(slow flow, small pore size)

Medium
(medium flow, medium pore size)

High
(high flow, high pore size)

BA83 BA85BA79

Check out our infographic: 
Navigating flow-through 
immunoassays
Discover the pros and cons of the technique and 
to learn how you can use Cytiva products for your 
flow-through immunoassay success.

Did you know?
Line-blot assays can include up to 30 lines 
(including controls). Each strip is incubated with 
serum of a unique patient to see which lines react 
to indicate presence of analyte.

Need help overcoming 
challenges with immunoassay 
development?
Check out our service and component 
customization options. 

Check out our whitepaper: Membranes in action 
Read how membranes are reshaping the future of POC testing across an increasing 
range of tests and applications.

Request samples
Pads and membranes for lateral-flow, 
flow-through, blotting, and dipstick assays 
and precision capture applications.

Overcoming challenges in the test development process
• The Arrhenius equation (k = Ae − Ea

 /RT ) is not defined to describe the interactions of multiple 
molecules.

• Care must be taken to use equipment that have a very narrow temperature variability such 
as climate cabinets.

• Nitrocellulose membranes are thermolabile by nature — do not store in temperatures over 
50°C.

• Proteins do not withstand high temperatures, which also limits the options for accelerated 
tests.

• Assume that k is doubled for every increase of T by 10K. For complex systems such as 
lateral-flow assays, this assumption is an estimate that must be verified in a real-time study.

• Norms that describe accelerated stability tests in general are:
 – ASTM F1980
 – ISO 11607

• Beside temperature, relative humidity is also varied in stability tests. For sealed lateral-flow 
assays, humidity does not play a role if the seals of the pouches are tight.
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Pick your test type
The size of your target molecule will be a 
key factor in determining the type of LFA 
you choose. There are two approaches to 
lateral-flow assay tests: sandwich and 
competitive.

• Sandwich assays rely on the binding of 
two separate antibodies to different 
regions of the same analyte molecule, 
making sandwich assays well-suited for 
detecting high molecular weight 
analytes.

• Competitive assays can detect smaller 
molecules, such as mycotoxins or 
cortisol, and larger analytes, such as 
insulin.

Test membrane flow rates
Nitrocellulose (NC) membranes are one of the most critical components of a lateral-flow 
assay. Their interactions with your sample will directly affect test performance.

To help ensure a good balance between assay speed and sensitivity, try testing the flow rate 
of your sample with different NC membranes.

The membrane you choose should allow adequate time for the interaction of analyte and 
reagents at the test and control lines but also provide results within your chosen timeframe.
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Vivid membranes 
Vivid lateral-flow nitrocellulose (LFNC) membranes are manufactured to ensure that 
these key parameters are tightly controlled.

• Coefficients of variation (CV) are between 5% and 10%

• Designed for assay reproducibility and sensitivity: high sensitivity with dilute 
concentrations of target analytes.

• Strong consistency and high duplication rate: when measuring intra- and inter-lot 
performance for wicking time and thickness, Vivid LFNC membranes provide 
consistent results, resulting in low defined coefficients of variation.

• Clear surface appearance: controlled 
surface quality of the membrane ensures 
freedom from visual defects, 
discoloration, and dust.

• Clear results: demonstrates 
low background levels, which 
enable crisp capture lines and 
easy-to-read results.

FFHP Plus 
The FFHP Plus range is a backed, higher surfactant, and highly consistent membrane for use with most 
sample types in a lateral-flow assay.

• Higher surfactant membrane to overcome hydrophobic issues; 200 μm thick membrane including backing.

• Exceptional intra- and inter-lot consistency as demonstrated by a coefficient of variation (CV) for capillary 
rise of < 10%.

• Available in three grades:
 – FF80HP Plus: for use with high density samples (e.g., undiluted serum)
 – FF120HP Plus: for use with viscous samples and to reduce reagent dispensing rates to save cost
 – FF170HP: for use with low viscosity samples

Capillary flow time
The shorter the time it takes for a liquid to migrate along the membrane surface, the 
“faster” the membrane is. However, a longer migration time can sometimes enhance 
sensitivity and specificity, as it allows more time for sample to interact with test line(s).

Membrane surfactant capability
Membrane surfactants make the membrane hydrophilic and help target proteins bind, 
but partial denaturing of proteins can also destroy antigen binding sites making them 
unusable. It is good practice to evaluate different membranes and their surfactants for 
performance with specific molecules and reagents.
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2. Choosing the right membranes for molecular assay development 
and other paper-based assays
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Amplification (PCR or Isothermal) using a lateral-flow test

What volume are you working with?

Dipstick or dry chemistry

Do you prefer to use a cellulose-based material?

Nucleic acid isolation using a sample prep device

Are you interested in retentate or filtrate?

Track-etched membranes at work 
– case studies in diagnostics
Check out our case studies

DownloadRequest now

Request a sample
Lab and point-of-care (POC) 
molecular assay components.

Visit now

Check out our blog on 
dipstick assays providing 
tips on assay design and 
component selection

Please contact a 
Cytiva Diagnostic

Specialist

Fusion 5 membrane
Fusion 5 membrane is a proprietary, single-layer, matrix membrane that can be used to 
replace traditional modular components from a lateral-flow testing kit.

• Fast flowing: quick and accurate results with wicking rates under 40 s for a 4 cm strip

• No blocking required: uses hydrophilic material

• High sensitivity: low background minimizes false-positive results

• Eliminates component contact issues: ensures accurate test results

• No assembly required: manufacturing is easy, fast, and efficient

• Fast test development: save time and costs

Biodyne and Immunodyne membranes
Biodyne and Immunodyne nylon membranes provide high sensitivity, low background, and 
lot-to-lot consistency for radioactive and nonradioactive detection methods. Their hydrophilic 
nature results in easy wetting across the membrane. When subjected to multiple cycles of 
hybridization, stripping, and reprobing, the stability and durability of our nylon membranes is 
showcased as they will not crack, shrink, or tear. Available in five chemistries providing versatile 
adsorption properties including: amphoteric, positively-charged, positively-charged with high 
isoelectric point, negatively-charged, and modified.

Which component are you seeking?

Fusion 5 CF5AE100

Absorption pad

FF80HP

FF80HP Plus

Vivid 90

0.2 μm
Nuclepore

Anopore™

What level of sensitivity is required?

Standard High

What type of backing is needed?

Backed Unbacked

Membrane

Immunopore SP

Up to 100 µL

Cells Nucleic acid Sample pad
and conjugate

release

CF3

0.8 μm
Nuclepore

Sample pad

Which component are you seeking?

Fusion 5 CF6AE100

Absorption pad

FF120HP

FF120HP Plus

FF170HP

FF170HP Plus

Vivid 120
Vivid 140
Vivid 180

GF/F

GF/A

GF/B

GF/C

GF/D

What level of sensitivity is required?

Standard High

What type of backing is needed?

Backed Unbacked

Membrane

Immunopore SP

Up to 200 µL

What level of water absorption is required?

Yes No

Sample pad
and conjugate

release

CF4

Sample pad

Other paper-based assays

Retentate

What are you isolating?

Blood SalivaUrine and other aqueous samples

CF3

CF4

CF10

CF5

CF6

CF7

Nuclepore

Biodyne A
Biodyne B
Biodyne C

CF1

Light weight Heavy weightMedium weight

What sample are you working with?

Filtrate

Check out our infographic: 
Did you know – track-etched membranes
Find out about the advantages and disadvantages, process 
considerations, and applications for track-etched membranes.

Did you know? 
Higher sensitivity leads to slower 
test duration times.

Did you know? 
Higher sensitivity leads to slower 
test duration times.

Did you know? 
Our range of papers also includes a wet-strengthened grade, 
CF2, which contains an FDA approved resin that binds the 
cellulose fibers together. This binding significantly increases 
the strength of the paper, especially when it is wet.

What are the benefits of 
track-etched membranes (TEMs)?
TEM filters usually offer a highly defined pore size from 
0.015 to 10 μm, enabling particle deformity measurement 
and capture of extremely small particles. Their controlled 
pore diameter allows for the accurate separation of the 
target analyte from any contaminants or inhibitors. When 
integrated into point-of-care (POC) tests, TEM membranes 
offer fast and effective sample filtration with very little loss 
of the analyte.

Molecular assay

Which approach are you using?

Which pore size do you need?

Up to 0.2 μm
Nuclepore™

0.2–0.8 μm
Nuclepore

0.8–5 μm
Nuclepore

5–12 μm
Nuclepore

12+ μm
Nuclepore

https://info.cytivalifesciences.com/wdx-molecular-lab-poc-assay
https://info.cytivalifesciences.com/track-etched-membranes-infographic
https://www.cytivalifesciences.com/solutions/lab-filtration/knowledge-center/dipstick-colorimetric-assays
https://www.cytivalifesciences.com/shop/lab-filtration/immunodiagnostics/dipstick-pads-and-membranes/cf2-p-00661
https://info.cytivalifesciences.com/track-etched-case-study-series
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https://www.cytivalifesciences.com/shop/lab-filtration/glass-and-quartz-microfiber-filter/binderless-glass-microfiber-filter/whatman-grade-gf-f-glass-microfiber-filters-binder-free-p-00425
https://www.cytivalifesciences.com/shop/lab-filtration/glass-and-quartz-microfiber-filter/binderless-glass-microfiber-filter/whatman-grade-gf-a-glass-microfiber-filters-binder-free-p-00426
https://www.cytivalifesciences.com/shop/lab-filtration/glass-and-quartz-microfiber-filter/binderless-glass-microfiber-filter/whatman-grade-gf-b-glass-microfiber-filters-binder-free-p-00436
https://www.cytivalifesciences.com/shop/lab-filtration/glass-and-quartz-microfiber-filter/binderless-glass-microfiber-filter/whatman-filter-paper-grade-gf-c-microfiber-glass-filter-binder-free-p-09618
https://www.cytivalifesciences.com/shop/lab-filtration/glass-and-quartz-microfiber-filter/binderless-glass-microfiber-filter/whatman-grade-gf-d-glass-microfiber-filters-binder-free-p-00301
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https://www.cytivalifesciences.com/solutions/diagnostics/developing-molecular-assays-for-point-of-care-use
https://www.cytivalifesciences.com/shop/lab-filtration/membranes-discs-sheets-and-reels/anopore-membranes/whatman-anopore-inorganic-membranes-without-support-ring-p-06152
https://www.cytivalifesciences.com/shop/lab-filtration/immunodiagnostics/lateral-flow-pads/fusion-5-p-00787
https://www.cytivalifesciences.com/shop/molecular-and-immunodiagnostics/membranes-and-pads/cf1-p-00785
https://www.cytivalifesciences.com/shop/lab-filtration/immunodiagnostics/lateral-flow-pads/fusion-5-p-00787
https://www.cytivalifesciences.com/shop/molecular-and-immunodiagnostics/membranes-and-pads/cf4-p-00786
https://www.cytivalifesciences.com/shop/molecular-and-immunodiagnostics/membranes-and-pads/cf3-p-00757
https://www.cytivalifesciences.com/shop/molecular-and-immunodiagnostics/membranes-and-pads/immunopore-membranes-p-00660
https://www.cytivalifesciences.com/shop/molecular-and-immunodiagnostics/membranes-and-pads/immunopore-membranes-p-00660
https://www.cytivalifesciences.com/shop/lab-filtration/immunodiagnostics/flow-through-pads/cf6-p-00662
https://www.cytivalifesciences.com/shop/molecular-and-immunodiagnostics/membranes-and-pads/cf5-p-00708
https://www.cytivalifesciences.com/shop/molecular-and-immunodiagnostics/membranes-and-pads/ffhp-membranes-p-45618
https://www.cytivalifesciences.com/shop/molecular-and-immunodiagnostics/membranes-and-pads/cf3-p-00757
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https://www.cytivalifesciences.com/shop/lab-filtration/immunodiagnostics/flow-through-pads/cf7-p-00758
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