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Daily QC and IHC stainers
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IHC – The Technical Test Approach
Issues to be adressed for IHC assay implementation:

1. Calibration of IHC assay and identification of best
practice protocol – clone, titre, retrieval etc

2. ”Evaluation of the robustness of the IHC assay –
impact on pre-analytics

3. Evaluation of the analytical sensitivity/specificity

4. Identification of most robust controls providing 
information that the established level of detection 
is obtained in each test performed in daily practice.            

Tissue controls are key element



IHC – The Technical Test Approach
External tissue control tool-box:

Tissue

iCAPC
TMA

Specificity
TMA

Index
TMA

Accuracy
TMA

Pre-analyt.
TMA

”Daily QC”
TMA

”Gold standard” 
tissue controls

IHC critical assay
performance 
controls

High expression
Low expression
No expression

”Normal” tissues

Maps Ab reaction
pattern

With expression

No expression

”Lesional” tissues

Range of relevant 
expression levels

High expression
Low expression
No expression

+ relevant cut-off

”Lesional” tissues

Range of relevant 
expression levels

With expression

No expression

20/40 of each
Type I/II IHC

iCAPCs processed
as lab procedures

Fixation time
Fixative(s)
Decalcification

iCAPCs + 
selected tissues

Reproducibility

Method of 
transfer proof

Calibration TMA’s Analytical ”Validation” TMA’s Lab QC TMA
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 The NordiQC focus areas

 Central protocol elements for an optimal staining
 Antibody selected
 Antibody dilution range / Ready-To-Use
 Epitope retrieval
 IHC detection system & stainer platforms

 Recommendable control and identification of
critical quality stain indicators / iCAPCs
(Which tissue ? Which cells ?, How must they look ?)

IHC – The Technical Test Approach
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CD23

iCAPCs:

Activated
B-cells in 
mantle z.

IHC – The Technical Test Approach



7

CDX2

iCAPCs:

Pancreatic
duct ep. 
cells

IHC – The Technical Test Approach
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CD20:

iCAPCs:

????

ASAP….

As strong as 
possible…
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MMR:

iCAPCs:

Mantle zone B-cells
in tonsil

++++++++

(internal control)

Stromal cells!!
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Internal postive tissue controls;

Principally ideal as processed
identically to patient relevant
material evaluated

If internal positive control is neg or
dubious – test is repeated.



IHC – The Technical Test Approach

Internal positive tissue controls;

In general not applicable as
positive controls due to levels of 
expression may not be relevant
for level of test calibration

e.g. CD5, CD15, CD34, CD45, 
CD56, S100, ER, PR etc
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“Ideal” daily on-slide control for the 
majority of routine markers:

Appendix
Liver
Pancreas
Tonsil

Each slide stained and evaluated has essential
information of the obtained sensitivity and specificity

In contrast only using 1 external tissue run control, no 
information is available for the single slide evaluated

123/03
CD3

IHC – The Technical Test Approach
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IHC – The Technical Test Approach

TMA on-slide
control

One batch 
control

Remarks

Missing reagent
FN in patient test Yes No – only control

slide

Potential internal
pos. control only
indicator of 
protocol performed

Wrong antibody
FP in patient test Yes No – only control

slide

Inappropriate
protocol
performance
- Drying out etc
FN / FP in patient 
test

Yes No – only control
slide

Potential internal
pos. control only
indicator of 
protocol performed

Errors seen for all IHC automated and semi-automated IHC 
platforms
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IHC – The Technical Test Approach

Batch control
“Slide 1”

Patient 1
“Slide 2”

Patient 2
“Slide 3”

Patient 3
“Slide 4”

“Patient” 3 IHC assay level could be related to:

1. Biology
2. Tissue processing
3. Missing reagent or other technical issue 

Melan-A in sex cord tumours
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IHC – The Technical Test Approach

On-slide control On-slide control On-slide control“Patient” 3 IHC assay level could be related to:

1. Biology
2. Tissue processing
3. Missing reagent or other technical issue 

Patient 1
“Slide 1”

Patient 2
“Slide 2”

Patient 3
“Slide 3”



IHC – The Technical Test Approach
Consider each slide position / chamber on the IHC stainer as an individual 
stainer and use appropriate on-slide controls

PCK – slide no. 1 PCK – slide no. 2 

Same reagents, same protocol, same block, same stainer
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”even for automated
stainers, where it 
cannot be guaranteed
that every slide in fact
receives identical
treatment”.
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2% error rate (452/22.234 slides)
Class I 0,8% - Class III 9,0%

Category
5,6,9,11

Lab related
(22%)

Category
1,2,3,4,7,8,10

Assay and/or 
Instrument
(78%)
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On-slide controls
IHC slides stained for ALK (Class III),
same run, same instrument, same protocol
14/19 passed
5/19 failed

Batch-control - Theoretically:
Batch control failed by same conditions as above
0/19 passed
19/19 failed (no consistent internal control…)

Batch-control - Theoretically:
Batch control passed by same conditions as above
19/19 passed
0/19 failed (the 5 failed slides not identified….)

19



Conclusions:

Controls are essential to evaluate IHC results:

Tissue controls used to calibrate IHC assay

Tissue controls processed by variables applied in the 
laboratory is needed to evaluate on robustness 

Tissue controls to evaluate analytical potential 

Tissue controls to monitor consistency of IHC assay

IHC – The Technical Test Approach



IHC – The Technical Test Approach
External tissue control tools:

iCAPC
TMA

Specificity
TMA

Index
TMA

Accuracy
TMA

Pre-analyt.
TMA

”Daily QC”
TMA

”Gold standard” 
tissue controls

IHC critical assay
performance 
controls (iCAPCs)

High expression
Low expression
No expression

”Normal” tissues

Maps Ab reaction
pattern

With expression

No expression

”Lesional” tissues

Range of relevant 
expression levels

High expression
Low expression
No expression

+ relevant cut-off

”Lesional” tissues

Range of relevant 
expression levels

With expression

No expression

20/40 of each
Type I/II IHC

iCAPCs processed
as lab procedures

Fixation time
Fixative(s)
Decalcification

High expression
Low expression
No expression

iCAPCs + 
selected tissues

Reproducibility

Method of 
transfer proof

Calibration TMA’s Analytical ”Validation” TMA’s Lab QC TMA

21

Tissue



Conclusions:

Focus on external tissue controls is central to 

standardize and optimize IHC:

On-slide TMA controls are preferable to 1 bacth control

 Internal tissue controls are of limited value

Negative reagent controls are only essential for biotin-
based detection systems

Negative reagent controls can be valueable for non-
biotin based systems e.g. if pigment, frozen sections..

IHC – The Technical Test Approach



IHC – Immunohistochemical stainers

This lecture is meant to be a basis for an open discussion…
and not an attempt to promote any stainer / company 

http://www.portableworkforce.com/blog/wp-content/uploads/2012/07/sales-marching-orders.jpg
http://www.portableworkforce.com/blog/wp-content/uploads/2012/07/sales-marching-orders.jpg


CHAPTER 9

THE PROS AND CONS OF
AUTOMATION FOR
IMMUNOHISTOCHMISTRY
FROM THE PROSPECTIVE OF
THE PATHOLOGY LABORATORY

DAVID G. HICKS and LORALEE MCMAHON

IHC – Immunohistochemical stainers

2010

2013
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2015
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IHC – Immunohistochemical stainers
Immunohistochemical staining procedure is a
multiplex technique requiring a lot of hands-on when
performed manually.

From deparaffination to counterstaining the IHC
procedure at minimum requires 60-100 manual
interactions and handling procedure on each slide
to be stained. Capacity ?? (50-100 slides pr tech.*)

Preparation – sorting, deparaffination, epitope retrieval….
Application of reagents - pippetting
Secure even distribution – ”Pap-pen”
Avoid evaporation / secure moist – staining trays
* Haines DM, Chelack BJ. Technical considerations for developing enzyme immunohistochemical staining procedures on 
formalin- fixed paraffin-embedded tissue for diagnostic pathology. J Vet Diagn Invest 1991; 3:101-12.



IHC – Immunohistochemical stainers

Wash – Dry – Apply
Wash – Dry – Apply
Wash…….

Challenge: Time, Standardisation, Traceability, Skills…

http://3.bp.blogspot.com/-SFx_40xJMUg/U9a_OP3b4wI/AAAAAAAACx8/o_gKvUbok3k/s1600/IMG_2877.jpg
http://3.bp.blogspot.com/-SFx_40xJMUg/U9a_OP3b4wI/AAAAAAAACx8/o_gKvUbok3k/s1600/IMG_2877.jpg
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80’s

90-00’s

00-10’s
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IHC – Immunohistochemical stainers

Estrogen receptor;

2003
B8 (n=154)

2017
B23 (n=398)

Manual performance 5% 4%

Semi automated system 89% 18%

Fully automated system 6% 78%

2003       2017
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IHC – Immunohistochemical stainers

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

3. Improve IHC testing capacity

4. Traceability / tracking of events 

Key-driver: Automation = standardization



IHC – Immunohistochemical stainers
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 – Workload – Workflow - Flexibility – Costs

http://www.leicabiosystems.com/ihc-ish/advanced-staining-instruments/details/product/leica-bond-iii/
http://www.leicabiosystems.com/ihc-ish/advanced-staining-instruments/details/product/leica-bond-iii/
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2013

”If you understand the needs of your laboratory and the capabilities
of the various systems, you can find the best fit for your laboratory.”

“If 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.”

“When evaluating automated staining systems, the first
thing to understand is that there is no, one ‘‘best system’’ on
the market, for all purposes.”



Autost.
Dako/TFS

Intellip.
Biocare

Oncore
Biocare

Impath
Pathc.

BOND III
Leica

Bench. U
VMS 

Omnis
Dako

Capacity 48/36-72 50 36 36 30 30 60

Reagents 64 48 40 40 36 35 60

Volume 200 ul 300 ul 200 ul 200 ul 150 ul 100 ul 200 ul

Adjustab. Yes Yes Yes Yes Yes No No

Depar. No No Yes Yes Yes Yes Yes

HIER No No Yes Yes Yes Yes Yes

HIER buf.
3’ part

-
Yes

-
Yes

2
No

2
No

2
No

2 
No

5
Yes

Comb ret Yes Yes ? ? Yes – H+P Yes Yes - H+P

3’part 
reagents 

Ab, enz, 
det.,chr.

Ab, enz, 
det.,chr

Ab No Ab, enz Ab, enz Ab, enz, 
,chr.

Any prot
Any slide

Yes Yes Yes Yes No Yes No

Seq. DS Yes Yes Yes Yes Yes Yes Yes

Sim. DS Yes Yes ? (Yes) ? (Yes) No No Yes

ISH No No (Yes) (Yes) Yes Yes Yes

IHC – Immunohistochemical stainers



IHC – Immunohistochemical stainers

Fully-automated systems: BenchMark Ultra, Ventana

Functionality – Workload – Workflow - Flexibility – Costs

5 main Pros:
1. Place, start, walk
2. Continuous and/or batch loading – ”30 stainers”
3. Flexible protocol set-up – e.g. combined retr.
4. Wide range of sensitivity for detection systems
5. IHC and ISH on same instrument / same slide.. 



IHC – Immunohistochemical stainers

Fully-automated systems: BenchMark Ultra, Ventana

Functionality – Workload – Workflow - Flexibility – Costs

5 main Pros:
1. Place, start, walk
2. Continuous and/or batch loading – ”30 stainers”
3. Flexible protocol set-up – e.g. combined retr.
4. Wide range of sensitivity for detection systems
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-Max, Leica

Functionality – Workload – Workflow - Flexibility – Costs

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



IHC – Immunohistochemical stainers

Fully-automated systems: Bond-Max, Leica

Functionality – Workload – Workflow - Flexibility – Costs

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

3 main Cons:
1. Covertile technique – precipitates and weak hue
2. Less flexible regarding continuous start – 3 x 10 slides    

3. Limited portofolio of detection systems – DAB & RED
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Fully-automated systems: Omnis, Dako

Functionality – Workload – Workflow - Flexibility – Costs

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

Functionality – Workload – Workflow - Flexibility – Costs

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

3 main Cons:
1. Limited portofolio of RTUs & detection systems
2. Low affinity antibodies may show inferior performance
3. Less flexible protocol set-up



IHC – Immunohistochemical stainers

Semi-automated systems: AS-48, Dako

Functionality – Workload – Workflow - Flexibility – Costs

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



IHC – Immunohistochemical stainers

Semi-automated systems: AS-48, Dako

Functionality – Workload – Workflow - Flexibility – Costs

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

3 main Cons:
1. Increased manual interaction – 2 instruments needed
2. Primarily batch operation
3. High reagent volumen needed – 300 ul and >”dead-vol”
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Staining issues; BenchMark, VMS – Uneven weak/neg areas – air bubbles
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Staining issues; Bond, Leica – chromogen precipitates and general hue
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Staining issues; Omnis, Dako – chromogen precipitates

Lid Flakes

DAB Flakes (Bacteria ?)

Courtesy by Michael Bzorek
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Staining issues; AS48, Dako – chromogen depletion or reagent not spread



Automation in IHC reduces hands-on and improves consistency
However the quality of the end result is less influenced by the 
function of the automated stainer compared to the impact of:

- Quality of the tissue material (pre-analytics)
- Automation will not compensate for delayed fixation etc

- Quality of the reagents used (sensitivity, specificity – analytics)
- Use of detection system with low sensitivity etc

- Accuracy of the technical optimization and validation of the test
- Use of RTU formats not adequately calibrated etc

- Interpretation of the test 
- Inadequate choice of control material etc

IHC – Immunohistochemical stainers



- Accuracy of the technical optimization and validation of the test
- Use of RTU formats not adequately calibrated etc

IHC – Immunohistochemical stainers

Difference less 
related to stainer
performance 
compared to focus 
and precision of the 
companies protocol 
set-up.



IHC – Immunohistochemical stainers
Cautions to be taken when comparing the different solutions:

E.g. cost for primary Ab – Was same or similar test conditions applied 

3-step polymer vs 2-step polymer ?
Incubation times ?
HIER settings – time, pH, temp etc ?
…..  

40X 
difference



IHC – Immunohistochemical stainers
Cautions to be taken when comparing the different solutions:

E.g. cost for primary Ab – Was same or similar test conditions applied ??

Bond-III BenchMark Ul. AS-48

ER, rmAb SP1 1:50 1:100 1:75

Ki67, mAb MiB1 1:100 1:200 1:200

Bcl2, mAb 124 1:100 1:25 1:100

CD10, mAb 56C6 1:20 1:40 1:40

CK-PAN, mAb AE1AE3 1:75 1:150 1:100

p504s, rmAb 13H4 1:100 1:100 1:150

Melan A, mAb A103 1:50 1:20 1:50

900$ pr ml Ab:1 ul = 0.9$
1$ = 6.5 DKK

HIER ER2, pH 9 20m
20m primary 

3-step pol. – refine
150 ul Ab

2.7$ pr slide 

HIER CC1,pH 8.5 48m
32m primary

3-step mul. – OptiV.
100 ul Ab

1.9$ pr slide

HIER TRS,pH 9, 20m
20m primary

3-step pol. – Flex+ 
300 ul Ab

3.5$ pr slide
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Conclusions:

Automation in IHC is needed primarily to secure consistency of 
inter- and intralaboratory results and to reduce hands-on.

There is no perfect system  all have pros and cons. Each
laboratory has to select the system being most applicable and 
favourable for the needs and demands within the laboratory.

Use other laboratories to have a more objective view on the 
systems offered.

A combination of different systems might be the best solution, 
as the IHC tests can be performed on the system giving the 
best technical result and lowest price – drawback workflow….
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