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This lecture is meant to be a basis for an open discussioné
and not an attempt  to promote any stainer / company J
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IHC being changed from ñhome-brewò to ñReady-To-Useò 
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Harmonization of òbest practiceò IHC methods
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Automation of the IHC staining procedure:

1. To secure and improve consistency of the IHC assay compared to manual performance;  
intra- and inter-laboratory

2. Reduce the technician workload used for IHC

2024: Fully automated with focus on 4 core elements  

 - Deparaffination
 - Epitope retrieval (HIER and/or proteolysis)
 - IHC protocol (1 or 2 markers)
 - Counterstaining

Capillary; BOND and Prime Leica, Omnis Dako, Genie Sakura

Flat labelling; BenchMark Ventana, Oncore Biocare, (AS48 Dako) 
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Capillary gap technology stainers: 

Leica:
Covertiles
Capillary

Dako:
Glass Lid
Dynamic gap

Sakura:
òupside downò
Capillary

Technique;

To spread reagents 
and to avoid slides 
drying out

Tissue 
slide 
+
Cover
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Flat labelling technology stainers: 

Ventana:
+ Mixing
+ Overlay

Dako:
-Mixing
-Overlay

Technique;

Reagents are applied
+/ - mixing
+/ - overlay
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Automation of the IHC staining procedure:

1. To secure and improve consistency of the IHC assay compared to manual 
performance;  intra- and inter-laboratory

2. Reduce the technician workload used for IHC

Functionality ï Workload ï Workflow - Flexibility ï Costs    
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òIf you understand the needs of your laboratory and the capabilities
of the various systems, you can find the best fit for your laboratory.ò

ñIf an automated IHC platform is chosen correctly to match the demands
of testing, automation can provide necessary process improvement and cost 
savings needed in the modern practice of pathology.ò

ñWhen evaluating automated staining systems, the first
thing to understand is that there is no, one óóbest systemôô on the market, 
for all purposes.ò
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Automation of the IHC staining procedure:

Functionality  ï Workload ï Workflow - Flexibility ï Costs

Å Sample type ï FFPE / Cytology / Frozen sections
Å Baking of slides
Å Deparaffination 
Å Pre-treatment  ï HIER and proteolysis
Å Combined retrieval ï HIER+proteolysis / proteolysis+HIER
Å Continuous loading
Å Batch loading
Å IHC / ISH ?
Å Coverslipping 
Å Temperature controlled ï slides, reagents
Å Waste handling ï amount, separation
Å Requirement of special utensiles ï containers, slides, lids 
Å éé  

     
   

WT1 6F-H2
HIER

WT1 6F-H2
HIER + Prot.
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Automation of the IHC staining procedure:

Functionality ï Workload  ï Workflow  - Flexibility ï Costs

Å Capacity ï pr run, .. day, .. week (no of units ï back-up..) 
Å Place, start and walk
Å Interactions required ï e.g. chromogen stability

Å Sequential process 
Å one instrument for all steps 

Å Parallel process
Å e.g. one instrument for HIER, one instrument for IHC 

Å Batch versus continuous load of slides
Å òWholeò working process in dept must be incorporated 

Å Technician ressources for maintenance
Å Frequency, extent, safety etc  
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Automation of the IHC staining procedure:

Functionality ï Workload ï Workflow - Flexibility  ï Costs

Å Software
Å Protocol set-up
Å HIER settings ï time, temperature  
Å Retrieval methods ï single, combined
Å Adjustment of incubation times ï Ab, detection, etc
Å Adjustment of incubation temp ï Ab, proteolysis
Å Adjustment of protocol sequence ï H202 etc
Å Adjustment of reagent volume
Å Modification of protocol steps ï addition/removal
Å Washing conditions ï of low affinity  Abs
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Automation of the IHC staining procedure:

Functionality ï Workload ï Workflow - Flexibility  ï Costs

Å Reagents
Å HIER reagents
Å How many and which HIER buffers are offered ?
Å Can 3ô party HIER buffers be applied ?

Å Proteolysis
Å Which proteolytic enzymes are offered
Å Can 3ô party enzymes be applied

Å Primary antibody
Å 3ô party antibodies ?
Å RTU antibodies available ?  

     
   

EP-CAM in Renal Clear Cell Carcinoma
mAb clone Ber-EP4

HIER TRS low pH 6,1              HIER CC1 pH 8,5
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Automation of the IHC staining procedure:

Functionality ï Workload ï Workflow - Flexibility  ï Costs

Å Detection systems
Å Can 3ô party detection system be applied ?
Å Reactivity ï mouse-rabbit and other species ?
Å Universal (MR), mono-specific ?

Å Modularity ï can sensitivity be adjusted ? 
Å Amplification step, Linker, different  systems etc

Å Dual staining capabilities
Å Are different  chromogens offered from vendor
Å Can 3ô party chromogens be applied ?
Å Simultaneously ? (mono-specific system required)
Å Sequential  ?  
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Automation of the IHC staining procedure:

Functionality ï Workload ï Workflow - Flexibility ï Costs

Å Direct costs
Å Price pr instrument
Å Price pr slide
Å Preventive maintenance

Å Indirect  costs
Å Waste volumen
Å Daily maintenance (time used)

Å òHidden costsò
Å Down-period ï what is expected and accepted ?
Å Re-runs ï what is expected and accepted ?
Å Assesscories needed/required
Å Empty vials for reagents, reagents, amp/linker, etc  
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Dako

AS 48

Dako 

Omnis

VMS

Ultra/ Ultra plus

Leica

BOND III

Leica

Prime

Sakura

 Genie

Capacity 48 60 30 30 24 30

Reagents 64 60 35 36 70 19+30

Volume 200 ul 200 ul 100 ul 150 ul 150 ul 350 ul

Adjustable vol. Yes No No Yes No No

Depar. No Yes Yes Yes Yes Yes

HIER No Yes Yes Yes Yes Yes

HIER buf.

оΩ ǇŀǊǘȅ

-

Yes

5

Yes

2

No

2

No

2

No

2

No

Comb. ret. Yes Yes ς H+P Yes Yes ς H+P Yes Yes US/No EU

оΩ ǇŀǊǘȅ ǊŜŀƎŜƴǘǎ
Ab, enz, 

det, chr.

Ab, enz, 

det, chr.
Ab, enz Ab, enz Ab Ab

Protocol flexibility High Moderate High Moderate High Low

Any prot. / 

Any slide
Yes No Yes No Yes Yes

Seq. DS Yes Yes Yes Yes Yes Yes

Sim. DS Yes Yes No No Yes No

ISH No Yes Yes Yes Yes Yes

w¢¦Ωǎ no* 84 84 230 155 155 130

CDx range High Moderate High Low None None

* Estimate 09.2024 with uncertainties and changes due to IVDR and local regulations 
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Compromisation of protocol is needed
to handle automated processing

Certain markers are severely affected

Flexibility of automation might 
compensate for the impact 
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Target Clone AS 48 Link Omnis BenchMark Bond

ALK D5F3 Ҟ όҞύ Ҟ Ҟ

ASMA 1A4 Ҟ όҞύ FN,FP Ҟ

Bcl6 PG-B6p Ҟ Ҟ FN όҞύ

BSAP 24 Ҟ FN FN Ҟ

BRAF VE1 όҞύ FN Ҟ FN

Calretinin Dak-Calret1 Ҟ FN FN Ҟ

CD4 4B5 Ҟ FN FN όҞύ

CD56 123C5 Ҟ FN FN Ҟ

CDX2 DAK-CDX2 Ҟ Ҟ FN Ҟ

CEA II7 Ҟ - FN Ҟ

CK-LMW 5D3 Ҟ - FN Ҟ

Desmin D33 Ҟ FN Ҟ Ҟ

EPCAM Ber-EP4 Ҟ Ҟ FN FN

Hepatocyte OCH1E5 Ҟ - Ҟ FP

Melan A A103 Ҟ FN FN Ҟ

PAX8 MRQ-50, BC12 Ҟ FN FN Ҟ

SATB2 EP281 Ҟ όҞύ Ҟ όҞύ

SMAD4 B-8 Ҟ FN FN Ҟ

ΧΧΦ

IHC performance 
challenges related 
to automation and 
clone choice 

NordiQC data
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Target Clone AS 48 Link Omnis BenchMark Bond

ALK D5F3 Ҟ όҞύ Ҟ Ҟ

ASMA 1A4 Ҟ όҞύ FN,FP Ҟ

Bcl6 PG-B6p Ҟ - FN όҞύ

BSAP 24 Ҟ FN FN Ҟ

BRAF VE1 όҞύ FN Ҟ FN

Calretinin Dak-Calret1 Ҟ FN FN Ҟ

CD4 4B5 Ҟ FN FN όҞύ

CD56 123C5 Ҟ FN FN Ҟ

CDX2 DAK-CDX2 Ҟ Ҟ FN Ҟ

CEA II7 Ҟ - FN Ҟ

CK-LMW 5D3 Ҟ - FN Ҟ

Desmin D33 Ҟ FN Ҟ Ҟ

EPCAM Ber-EP4 Ҟ Ҟ FN FN

Hepatocyte OCH1E5 Ҟ - Ҟ FP

Melan A A103 Ҟ FN FN Ҟ

PAX8 MRQ-50, BC12 Ҟ FN FN Ҟ

SATB2 EP281 Ҟ όҞύ Ҟ όҞύ

SMAD4 B-8 Ҟ FN FN Ҟ

ΧΧΦ

Mitigation of RTU 
from one system to 
another can be 
challenging



IHC ï Immunohistochemical stainers  

IR649 4B12
AS 48 Link

IR649 4B12
Omnis

Alternative 
clone* Omnis

CD4 93% (13/14) 0% (0/28) 100% (21/21)

IR606 D33
AS 48 Link

IR606 D33
Omnis

Alternative 
clone** Omnis

Desmin 67% (18/27) 5% (2/37) 100% (7/7)

Pass rates for w¢¦Ωǎ ƻƴ έƴƻƴ-intendedέ ǇƭŀǘŦƻǊƳΤ

* SP35, ** BS21

DLBCL DLBCLT-Cell lymph. T-Cell lymph.
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p53 run 38, 2013;

Purpose being demonstration 
of overexpression of p53 
protein caused by TP53 
mutation 

p53 run 63, 2021;*

Purpose being demonstration 
of overexpression and loss of 
p53 protein caused by TP53 
mutations 

p53 run 63, 2021;*

Dako/Agilent RTU; 3% pass 
ǊŀǘŜ ŀǎ έǇƭǳƎ-and-playέ

Same level for other systems

p53 run 38, 2013;

Dako/Agilent RTU; 88% pass 
ǊŀǘŜ ŀǎ έǇƭǳƎ-and-playέ

Same level for other systems

IHC assays including RTU systems must always be developed and validated for its purpose(s)

* Same criteria  and pass rates observed in subsequent Ǌǳƴǎ срΣ ст ŀƴŘ тлΧΦ



IHC ï NordiQC pass rates for RTUs; Omnis, Bond and Ultra
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Fully -automated  systems: BenchMark Ultra / Ultra PLUS, Ventana

Functionality ï Workload ï Workflow - Flexibility ï Costs

5 main Pros:
1. Place, start, walk
2. Flexible protocol set-up ï ò30 stainersò
3. Wide range of sensitivity for detection systems
4. Wide range of RTU primary antibodies ï Type I & II
5. IHC and ISH on same instrument / same slide
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Fully -automated  systems: BenchMark Ultra / Ultra PLUS, Ventana

Functionality ï Workload ï Workflow - Flexibility ï Costs

5 main Pros:
1. Place, start, walk
2. Flexible protocol set-up ï ò30 stainersò
3. Wide range of sensitivity for detection systems
4. Wide range of RTU primary antibodies ï Type I & II
5. IHC and ISH on same instrument / same slide

3 main Cons:
1. Only CC1 applicable for HIER for IHC
2. Low affinity  antibodies may show inferior performance
3. Maintenance time-consuming
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Fully -automated  systems: BOND III, Leica

Functionality ï Workload ï Workflow - Flexibility ï Costs

5 main Pros:
1. Place, start, walk
2. Flexible protocol set-up ï e.g. combined retr.
3. Both low and high affinity  primary antibodies work 
4. Easy to use ï loading, programming, maintenance
5. Good portofolio of RTU antibodies ï plug-and-play
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Fully -automated  systems: BOND III, Leica

Functionality ï Workload ï Workflow - Flexibility ï Costs

5 main Pros:
1. Place, start, walk
2. Flexible protocol set-up ï e.g. combined retr.
3. Both low and high affinity  primary antibodies work 
4. Easy to use ï loading, programming, maintenance
5. Good portofolio of RTU antibodies ï plug-and-play

3 main Cons:
1. Covertile technique ï precipitates and weak hue
2. Less flexible regarding continuous start ï 3 x 10 slides    
3. Limited portofolio type II assays (CDx assays PD-L1 etc)
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Fully -automated  systems: Omnis, Dako

Functionality ï Workload ï Workflow - Flexibility ï Costs

5 main Pros:
1. Flexible reagent choice ï HIER buffers
2. Easy to use ï loading, programming
3. High capacity and high daily throughput
4. IHC and ISH on same instrument
5. Temperature controlled reagents
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Fully -automated  systems: Omnis, Dako

Functionality ï Workload ï Workflow - Flexibility ï Costs

5 main Pros:
1. Flexible reagent choice ï HIER buffers
2. Easy to use ï loading, programming
3. High capacity and high daily throughput
4. IHC and ISH on same instrument
5. Temperature controlled reagents

3 main Cons:
1. Limited portofolio of RTUs (I & II) & detection systems
2. Low affinity  antibodies may show inferior performance
3. Less flexible protocol set-up
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Semi -automated  systems: AS-48, Dako

Functionality ï Workload ï Workflow - Flexibility ï Costs

5 main Pros:
1. Flexible protocol set-up ï e.g. combined retr. 
2. Flexible reagent choice ï HIER buffer, detection system
3. Both low and high affinity  primary antibodies work 
4. Easy to use ï loading, programming, maintenance
5. Good portofolio of RTUôs type I & II ï plug-and-play
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Semi -automated  systems: AS-48, Dako

Functionality ï Workload ï Workflow - Flexibility ï Costs

5 main Pros:
1. Flexible protocol set-up ï e.g. combined retr. 
2. Flexible reagent choice ï HIER buffer, detection system
3. Both low and high affinity  primary antibodies work 
4. Easy to use ï loading, programming, maintenance
5. Good portofolio of RTUôs type I & II ï plug-and-play

3 main Cons:
1. Increased manual interaction ï 2 instruments needed
2. Primarily batch operation
3. High reagent volumen needed ï 300 ul and >òdead-volò
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Staining issues 
BenchMark, VMS;

Uneven weak and neg areas 
ïair bubbles
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Staining issues
Bond, Leica;

Chromogen precipitates and 
general hue
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Staining issues
Omnis, Dako;

Chromogen precipitates, 
morphology and general hue
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Staining issues
AS48, Dako;

Chromogen depletion, 
reagents not spread, drying 
out

Issue with rack levelling 


