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a  b  s  t  r  a  c  t

Commercial  molecular  tests  for human  papillomaviruses  (HPV)  are  invaluable  diagnostic  tools  in  cervical
carcinoma  screening  and  management  of women  with  cervical  precancerous  lesions  as  well  as  important
research  tools  for epidemiological  studies,  vaccine  development,  and  implementation  and monitoring  of
vaccination  programs.  In this  third  inventory  of  commercial  HPV  tests,  we  identified  193  distinct  com-
mercial  HPV  tests  and at least  127  test  variants  available  on  the  market  in 2015,  which  represents  a  54%
and 79%  increase  in  the  number  of  distinct  HPV  tests  and  variants,  respectively,  in comparison  to  our
last  inventory  performed  in  2012.  Identified  HPV  tests  were  provisionally  divided  into  eight main  groups
and  several  subgroups.  Among  the  193  commercial  HPV  tests,  all  but  two  target  alpha-HPV  types  only.
Although  the number  of commercial  HPV  tests  with  at  least  one  published  study  in  peer-reviewed  liter-
ature  has  increased  significantly  in the last  three  years,  several  published  performance  evaluations  are
still not  in  line  with  agreed-upon  standards  in  the  HPV  community.  Manufacturers  should  invest  greater
effort  into  evaluating  their  products  and publishing  validation/evaluation  results  in peer-reviewed  jour-
nals. To achieve  this,  more  clinically  oriented  external  quality-control  panels  and  initiatives  are  required.
For  evaluating  the  analytical  performance  of the  entire  range  of HPV tests  currently  on  the  market,  more
diverse and  reliable  external  quality-control  programs  based  on international  standards  for  all  important
HPV  types  are  indispensable.  The  performance  of  a  wider  range  of  HPV  tests  must be promptly  evalu-
ated  on  a variety  of  alternative  clinical  specimens.  In  addition,  more  complete  HPV assays  containing
validated  sample-extraction  protocols  and  appropriate  internal  controls  are  urgently  needed.  Provision
of  a broader  range  of  automated  systems  allowing  large-scale  HPV  testing  as  well  as  the  development  of
reliable,  rapid, and  affordable  molecular  point-of-care  tests  are  priorities  for  the further  improvement  of
HPV tests.

© 2015  Elsevier  B.V.  All  rights  reserved.
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Table  1
hr-HPV DNA screening tests present on the market in August 2015.

Tests targeting IARC-2009 hr-HPV types plus HPV66 and/or HPV68
Hybrid Capture 2 (HC2) HPV DNA Test (Qiagen Gaithersburg, Inc., MD, USA)
EIA  kit HPV GP HR (Diassay, Ev Rijswijk, The Netherlands)
Cervista HPV HR Test (Hologic, Madison, WI,  USA)
CareHPV Test (Qiagen Gaithersburg, Inc., MD,  USA)
Amplicor HPV Test (Roche Molecular Systems Inc., Alameda, CA, USA)
13  High-risk HPV Real-time PCR Kit (Hybribio, Beijing, China)
Biorad Dx HR-HPV Auto Assay (Bio-Rad, Hercules, CA, USA)

Tests targeting IARC-2009 hr-HPV types only
HPV High Risk Screen Real-TM Quant (Sacace, Como, Italy; Nuclear Laser Medicine S.R.L., Milano, Italy)
HPV  High Risk Screen Real-TM Quant 2 x (Sacace, Como, Italy; Nuclear Laser Medicine S.R.L., Milano, Italy)
AmpliSens HPV HCR screen-titre-FRT PCR kit (Federal State Institution of Science, Moscow, Russia; Ecoli, Bratislava, Slovak Republic) and 1 variant

Tests targeting IARC-2009 hr-HPV types and additional alpha-HPV types
HPV-Risk assay (Self-Screen BV, Amsterdam, The Netherlands)
Seeplex HPV4A ACE Screening (Seegene, Seoul, Korea)
Urine-Based HPV (High and Low Risk) PCR Detection Kit (Norgen, Thorold, Canada)
STD Kit (Autoimmun Diagnostika GmbH, Strassberg, Germany)
AmpliSens HPV HCR screen-Eph PCR kit (Federal State Institution of Science, Moscow, Russia; Ecoli, Bratislava, Slovak Republic) and 1 variant

HPV-DNA Assay Kit (Tofema, Seoul, Korea)
PapilloScreen (GeneMatrix Co., Seoul, Korea)
HPV Screen PCR Kit (BioCore, Seoul, Korea)
AmpliQuality HPV-SM (AB Analitica, Padova, Italy)
AmpliQuality HPV-HS Bio (AB Analitica, Padova, Italy)
Human Papilloma Virus (HPV Common/double check) (Genekam Biotechnology, Duisburg, Germany)
BIOPAP Kit (Biotools, Nave, Spain)
High-risk human papillomavirus DNA Diagnostic kit (Sansure Biotech Inc., Changsha, Hunan, China)

Tests targeting a subset of IARC-2009 hr-HPV types
HPV High Risk Screen (Sacace, Como, Italy; Nuclear Laser Medicine S.R.L., Milano, Italy)
AmpliSens HPV HCR screen-FEP PCR kit (3x) (Federal State Institution of Science, Moscow, Russia; Ecoli, Bratislava, Slovak Republic)
HPV  Total & High Risk (Clonit, Milano, Italy)
Absolute HPV HR Test (BioSewoom, Seoul, Korea)
HPV Screening (Clonit, Milano, Italy)
Cancer Molecular Marker TEST (GoodGene, Seoul, Korea)

Table 2
hr-HPV DNA screening tests with concurrent or reflex partial genotyping for the main hr-HPV types present on the market in August 2015.

hr-HPV DNA screening tests with concurrent partial genotyping for the main hr-HPV types
cobas 4800 HPV Test (Roche Molecular Systems Inc., Alameda, CA, USA)
RealTime High Risk HPV test (Abbott Molecular, Des Plaines, IL, USA)
BD Onclarity HPV Assay (BD Diagnostics, Sparks, MD,  USA)
Xpert HPV (Cepheid, Sunnyvale, CA, USA)
14 High-risk HPV with 16/18 Genotyping Real-time PCR Kit (Hybribio, Beijing, China)
Realquality RQ-HPV HR (AB Analitica, Padova, Italy) and 2 variants

GenoFlow HPV-HR screening kit (FT-PRO) (DiagCor Bioscience, Hong Kong, China)
HPV Easy-Screening Kit (Autoimmun Diagnostika GmbH, Strassberg, Germany)
AdvanSure HPV Screening real-time PCR (LGLS Diagnostics, Seoul, Korea)
GenoID Real-Time HPV Assay (GenoID, Budapest, Hungary)
AmpliSens HPV HCR screen-FEP PCR kit (Federal State Institution of Science, Moscow, Russia; Ecoli, Bratislava, Slovak Republic)
RealLine HPV High Risk, Genotype (Str-format) (Bioron Diagnostics GmbH, Ludwigshafen, Germany)
RealLine HPV High Risk, Genotype quantitative (Str-format) (Bioron Diagnostics GmbH, Ludwigshafen, Germany)
GenoFlow HPV-HR screening kit (R2-M) (DiagCor Bioscience, Hong Kong, China)
High-Risk Human Papillomavirus (HPV) and Genotyping 16 & 18 Real Time PCR Kit (Liferiver, Shanghai, China)
HPV 5+9 Test Kit (Tellgen Corporation, Shanghai, China) and 1 variant

RealLine HPV High Risk, Genotype (Fla-format) (Bioron Diagnostics GmbH, Ludwigshafen, Germany)
hr-HPV DNA screening tests with reflex partial genotyping for the main hr-HPV types

Cervista HPV 16/18 Test (Hologic, Madison, WI,  USA)
digene HPV Genotyping PS Test, RUO (Qiagen Gaithersburg, Inc., MD, USA)
HPV 16/18 Real-TM Quant (Sacace, Como, Italy; Nuclear Laser Medicine S.R.L., Milano, Italy)
Human papillomavirus 16/18 (Sacace, Como, Italy; Nuclear Laser Medicine S.R.L., Milano, Italy) and 3 variants

AmpliSens HPV 16/18-FRT PCR kit (Federal State Institution of Science, Moscow, Russia; Ecoli, Bratislava, Slovak Republic) and 1 variant

AmpliSens HPV 16/18-EPh PCR kit (Federal State Institution of Science, Moscow, Russia; Ecoli, Bratislava, Slovak Republic) and 3 variants

AmpliSens HPV 16/18-FEP PCR kit (Federal State Institution of Science, Moscow, Russia; Ecoli, Bratislava, Slovak Republic) and 1 variant

considered probably carcinogenic and 12 additional HPV types pos-
sibly carcinogenic: HPV26, HPV30, HPV34, HPV53, HPV66, HPV67,
HPV69, HPV70, HPV73, HPV82, HPV85, and HPV97.

As summarized in Tables 1–6 and S1–S6, the available com-
mercial HPV tests were provisionally divided for the purpose
of this review into eight main groups and several subgroups.
Due to space constraints and the availability of excellent recent
reviews on the topic, only the general characteristics of the
main groups and subgroups of HPV tests were briefly described,

but no particular HPV tests. For in-depth descriptions of the
most widely used HPV tests, including a critical summary
of the major studies describing their analytical and clinical
performance, we refer to our previous reviews published in
2010 and 2012 [17,18] and other recently published reviews
[9–16,21,22,26–37]. For each group/subgroup of HPV tests, a
brief aggregative summary of the available performance data was
provided: for tests designed to be used for major agreed-upon
clinical indications for HPV testing, we  provided US Food and Drug
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Commercial  molecular  tests  for human  papillomaviruses  (HPV)  are  invaluable  diagnostic  tools  in  cervical
carcinoma  screening  and  management  of women  with  cervical  precancerous  lesions  as  well  as  important
research  tools  for epidemiological  studies,  vaccine  development,  and  implementation  and monitoring  of
vaccination  programs.  In this  third  inventory  of  commercial  HPV  tests,  we  identified  193  distinct  com-
mercial  HPV  tests  and at least  127  test  variants  available  on  the  market  in 2015,  which  represents  a  54%
and 79%  increase  in  the  number  of  distinct  HPV  tests  and  variants,  respectively,  in comparison  to  our
last  inventory  performed  in  2012.  Identified  HPV  tests  were  provisionally  divided  into  eight main  groups
and  several  subgroups.  Among  the  193  commercial  HPV  tests,  all  but  two  target  alpha-HPV  types  only.
Although  the number  of commercial  HPV  tests  with  at  least  one  published  study  in  peer-reviewed  liter-
ature  has  increased  significantly  in the last  three  years,  several  published  performance  evaluations  are
still not  in  line  with  agreed-upon  standards  in  the  HPV  community.  Manufacturers  should  invest  greater
effort  into  evaluating  their  products  and publishing  validation/evaluation  results  in peer-reviewed  jour-
nals. To achieve  this,  more  clinically  oriented  external  quality-control  panels  and  initiatives  are  required.
For  evaluating  the  analytical  performance  of the  entire  range  of HPV tests  currently  on  the  market,  more
diverse and  reliable  external  quality-control  programs  based  on international  standards  for  all  important
HPV  types  are  indispensable.  The  performance  of  a  wider  range  of  HPV  tests  must be promptly  evalu-
ated  on  a variety  of  alternative  clinical  specimens.  In  addition,  more  complete  HPV assays  containing
validated  sample-extraction  protocols  and  appropriate  internal  controls  are  urgently  needed.  Provision
of  a broader  range  of  automated  systems  allowing  large-scale  HPV  testing  as  well  as  the  development  of
reliable,  rapid, and  affordable  molecular  point-of-care  tests  are  priorities  for  the further  improvement  of
HPV tests.

© 2015  Elsevier  B.V.  All  rights  reserved.
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a  b  s  t  r  a c  t

Commercial  molecular  tests  for  human  papillomaviruses  (HPV)  are  invaluable  diagnostic  tools  in  cervical
carcinoma  screening  and  management  of women  with  cervical  precancerous  lesions  as  well  as  important
research tools  for epidemiological  studies,  vaccine  development,  and  implementation  and  monitoring  of
vaccination  programs.  In this  third  inventory  of  commercial  HPV  tests,  we  identified  193  distinct  com-
mercial  HPV  tests  and at  least 127 test  variants  available  on the market  in  2015,  which  represents  a  54%
and 79%  increase  in  the  number  of distinct  HPV tests and  variants,  respectively,  in comparison  to  our
last  inventory  performed  in  2012.  Identified  HPV  tests  were  provisionally  divided  into  eight main  groups
and several  subgroups.  Among  the  193  commercial  HPV  tests,  all but  two  target  alpha-HPV  types  only.
Although  the number  of commercial  HPV  tests  with  at  least  one  published  study  in  peer-reviewed  liter-
ature  has  increased  significantly  in  the last  three  years,  several  published  performance  evaluations  are
still not in  line  with  agreed-upon  standards  in the  HPV  community.  Manufacturers  should  invest  greater
effort  into  evaluating  their  products  and publishing  validation/evaluation  results  in peer-reviewed  jour-
nals. To achieve  this,  more  clinically  oriented  external  quality-control  panels  and  initiatives  are  required.
For evaluating  the  analytical  performance  of the entire  range  of  HPV  tests  currently  on  the  market,  more
diverse and  reliable  external  quality-control  programs  based  on  international  standards  for  all  important
HPV  types  are  indispensable.  The  performance  of  a  wider  range  of HPV  tests  must  be promptly  evalu-
ated  on  a variety  of  alternative  clinical  specimens.  In addition,  more  complete  HPV  assays  containing
validated  sample-extraction  protocols  and  appropriate  internal  controls  are  urgently  needed.  Provision
of a broader  range  of  automated  systems  allowing  large-scale  HPV  testing  as  well  as  the  development  of
reliable, rapid,  and  affordable  molecular  point-of-care  tests  are  priorities  for  the further  improvement  of
HPV tests.
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With	such	an	excep.onally	high	number	of	commercial	HPV	tests	on	the	market,	alpha-HPVs	are	
currently	s.ll	among	most	a=rac.ve	microbial	targets	for	molecular	diagnos.c	companies.  
 
Unfortunately,	today’s	HPV	test	global	market	is	one	of	the	most	confusing	and	least	regulated,	and	
with	 most	 divergent	 diagnos?c	 products	 on	 the	 market,	 some?mes	 colloquially	 described	 as	 the	
“Wild	West.”	
	

In	addi?on,	we	can	predict	with	high	certainty	that	the	number	and	diversity	of	commercial	HPV	tests	
will	 con.nue	 to	 increase	 over	 the	 next	 5	 years	 due	 to	 the	 promising	marke?ng	 opportuni?es	 for	
manufacturers	around	the	world.		
	
110/193	(57.0%)	of	HPV	tests	on	the	market	 in	2015	had	at	 least	one	publica?on	 in	peer-reviewed	
literature	as	of	August	31,	2015.	However,	only	69/193	(35.7%)	of	HPV	tests	on	the	market	in	2015	
had	a	documented	performance	evalua?on	(analy?cal	and/or	clinical)	in	peer-reviewed	literature	as	
of	August	31,	2015	in	contrast	to	the	remaining	41	HPV	tests,	for	which	only	descrip?ve	studies	can	
be	found	in	the	literature.		
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Fig. 1. Schematic algorithm of HPV-based cervical cancer screening used in Italy, similar to that used in other European countries.
Reference: Adapted from Epidemiologia & Prevenzione 2012, 36 (3–4), suppl. 1 [12].

Table 1
HPV EQA, examples of available programs.

EQA program Peculiarities Advantages Disadvantages

UK NEQAS - Pooled material of clinical origin, in ThinPrep
medium
-  4 specimens, 3 times a year
- HR HPV types
-  Scores on qualitative performance

- Samples representative of clinical specimens
- Evaluation of all processing steps
-  Periodic evaluation

- No choice of medium
-  Results not elaborated taking into account
semi-quantitative data

QCMD - Cell line material and clinical samples
- 8-10 specimens, in ThinPrep
-  HR types
- Two  kinds of samples: core and educational
-  Score assigned on core results

- Samples representative of clinical specimens
- Evaluation of all processing steps
-  Clinical evaluation

- Annual panel, only one evaluation/year
- No choice of medium
-  Missed untargeted HPV types scored as error

DicoCare - Lyophilized clinical samples, to be
resuspended in the medium in use
- 8 specimens, shipped together, to be tested
2  × 4 times a year
-  HR HPV types

- Samples representative of clinical specimens
- Evaluation of all processing steps
-  Choice of medium
- Periodic evaluation

- Medium re-suspension may  affect the final
results and the comparison between labs

WHO  HPV LabNet - 46 specimens; 43 plasmid-based + 3 cell
lines-based, in phosphate buffer
- HR and 2 LR HPV types

- Stable material
- Representative of most significant HPV types

- Mainly synthetic DNA samples
-Designed for typing evaluation - High
sensitivity
-  Annual panel, only one evaluation/year
-Medium not representative of media used

Instand  - 10 specimens in two shipments
-  Lyophilized clinical samples, to be
resuspended in the medium in use
- HR and LR HPV types

- Samples representative of clinical specimens
- Evaluation of all processing steps
-  Choice of medium
- Periodic evaluation

- Medium re-suspension may  affect the final
results and the comparison between labs

Each HPV laboratory must produce SOPs (Standard Operat-
ing Procedures) that describe all the steps from specimen arrival
to diagnosis communication and the actions to correct the most
frequent problems, to guarantee robustness of hrHPV assay perfor-
mance and associated result dissemination.

4.1. Internal Quality Control

Internal Quality Controls (IQCs) can be supplied within the kit
and also added by the laboratory and included periodically: each
IQC allows evaluation and monitoring of the performance of the
analytical system and helps verify the stability of the analytical
method. IQCs should incorporate a negative HPV control and a

positive HPV control. For negative HPV control a sample with a
result consistently below the cut-off of the test (negative for hrHPV
DNA sequences or containing a very low viral load) is optimal, while
for positive HPV control a sample containing hrHPV sequences with
a result constantly above but close to the cut-off of the test is opti-
mal.

Each IQC has two  different aims: first, to monitor short term
results and to validate each session/batch and also to monitor the
process over time so system deviation can be flagged.

IQCs can also provide real-time alerts allowing immediate acti-
vation of corrective actions.

To monitor the long-term trend, a control chart, registering each
value obtained in each batch is valuable. A control chart can be

vittorio sambri_HPV RER 2016 
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Internal Quality Controls (IQCs) can be supplied within the kit
and also added by the laboratory and included periodically: each
IQC allows evaluation and monitoring of the performance of the
analytical system and helps verify the stability of the analytical
method. IQCs should incorporate a negative HPV control and a

positive HPV control. For negative HPV control a sample with a
result consistently below the cut-off of the test (negative for hrHPV
DNA sequences or containing a very low viral load) is optimal, while
for positive HPV control a sample containing hrHPV sequences with
a result constantly above but close to the cut-off of the test is opti-
mal.

Each IQC has two  different aims: first, to monitor short term
results and to validate each session/batch and also to monitor the
process over time so system deviation can be flagged.

IQCs can also provide real-time alerts allowing immediate acti-
vation of corrective actions.

To monitor the long-term trend, a control chart, registering each
value obtained in each batch is valuable. A control chart can be

Fase di screening virologia molecolare 

EQA e ICQ: garantiscono la fase del processo relative alla virologia 



Controllo	di	Qualità	
•  Controllo	Interno	(IQC)	

– DIVERSO	DA	K	del	kit	
– POSSIBILMENTE	“INDIPENDENTE”	
– MATERIALE	BIOLOGICO	MONODONATORE	
– VARIAZIONI	INTRALAB	E	INTERLAB	“A	BREVE”	
– OPEN	QUESTIONS:	

•  Frequenza?	
•  Materiali?	
•  Modalità?	
•  Networking	INTRA	e/o	INTER	regione	
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Controllo	di	Qualità	
•  Valutazione	Esterna	di	Qualità	(EQA)	

– PROGRAMMI	DA	TERZE	PARTI	
– POSSIBILMENTE	“INDIPENDENTE”	
– MATERIALE	BIOLOGICO	MONODONATORE	
– ACCURATEZZA	DEL	SINGOLO	VERSUS		NETWORK	
“OVER	TIME”	

– OPEN	QUESTIONS:	
•  LOD?	
•  Materiali?	Fasi	del	processo?	
•  Variazioni	fra	metodi	anali?ci?	
•  Networking	internazionale	
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Fig. 3. HPV tests used in HPV screening programs in Italy (HPV testing and cytology triage are centralized in 1–4 laboratories per Region).
Figure Legend.
LHU: Local Health Unit.
HC2: HR Hybrid Capture 2 Qiagen.
TP: Thin Prep pap test (PreservCyt) Hologic.
SP: BD SurePathTM liquid-based Pap test.
STM: HPV specific transport mediumTM (Qiagen, Abbott) (Qiagen).
In  grey all Italian Regions that have already implemented HPV test as primary screening at regional level.
Black  dot: centre dedicated to HPV and/or cytology triage.

detecting eventual differences among centers that measure the
same analyte. Since the determination is periodic, the term “assess-
ment” rather than “control” is commonly used. The term EQA is
sometimes used interchangeably with proficiency testing, although
this is only one EQA method, the others being rechecking/retesting
of clinical samples by a reference laboratory, exchange of samples
among a set of laboratories, and on-site evaluation (periodic visits
by evaluators).

There are several accredited HPV EQA schemes, but at present
their results are not specifically elaborated for an HPV test used as
primary cervical cancer screen. In addition, existing schemes do not
necessarily present comparisons between the different validated
screening tests, and do not incorporate the various sample matrices
available for hrHPV-based screening.

We briefly describe three EQA programs available for HPV
screening tests with which we have direct experience; UK NEQAS,
QCMD and DICOCARE (Table 1). The German EQA by Instand and
the WHO  HPV LabNet are also available HPV DNA EQA programs
(Table 1) [16].

4.2.1. UK NEQAS
UK NEQAS is an independent, not-for-profit consortium of

external quality assessment schemes based in the UK but providing
services to diagnostic laboratories, assay manufacturers and near-
patient testing schemes world-wide. Specimens are distributed at
a regular frequency (4 specimens—3 times/year), and are com-
posed by human cells suspended in 2.5 ml  of ThinPrep medium.
The results are scored on the basis of presence/absence of hrHPV

nucleic acid sequences. Semi-quantitative results (i.e., Ct, RLU/CO)
are also obtained from the participating laboratories, but are not
incorporated into reports; indeed, although in a screening setting
the clinically relevant result is qualitative i.e., hrHPV positive or
negative, the difference in quantitative (or semi quantitative) out-
puts between laboratories could provide further helpful insight into
the consistency of assay performance.

4.2.2. Quality Control for Molecular Diagnostics (QCMD)
QCMD is a Scottish ‘not for profit’ organization dedicated to

advancing the quality of molecular diagnostics through External
Quality Assessment (EQA), Proficiency Testing (PT) and other qual-
ity initiatives.

The Human Papillomavirus DNA program consists of a variable
number of specimens (from 8 to 12), distributed once per year.
Samples contain human cells (cell line material and clinical sam-
ples) re-suspended in PreservCyt. Samples are classified according
to the amount of target sequences (high-risk HPV types), as Core or
Educational. Only scores assigned on the basis of the results on the
Core samples are intended for clinical evaluation.

Results are presented in two  different reports. In the individ-
ual report, a detailed description of the specimens under analysis
is presented which includes HPV type present, sample status (HPV
positive or negative), an indication of viral quantification (i.e., Ct
value for Roche Cobas HPV assay and RLU/CO for Qiagen HC2 assay),
not used for scoring. The individual report also contains the labora-
tory score according to “Core sample results” and also “qualitative
score results” which includes the Educational samples. The final
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detecting eventual differences among centers that measure the
same analyte. Since the determination is periodic, the term “assess-
ment” rather than “control” is commonly used. The term EQA is
sometimes used interchangeably with proficiency testing, although
this is only one EQA method, the others being rechecking/retesting
of clinical samples by a reference laboratory, exchange of samples
among a set of laboratories, and on-site evaluation (periodic visits
by evaluators).

There are several accredited HPV EQA schemes, but at present
their results are not specifically elaborated for an HPV test used as
primary cervical cancer screen. In addition, existing schemes do not
necessarily present comparisons between the different validated
screening tests, and do not incorporate the various sample matrices
available for hrHPV-based screening.

We briefly describe three EQA programs available for HPV
screening tests with which we have direct experience; UK NEQAS,
QCMD and DICOCARE (Table 1). The German EQA by Instand and
the WHO  HPV LabNet are also available HPV DNA EQA programs
(Table 1) [16].

4.2.1. UK NEQAS
UK NEQAS is an independent, not-for-profit consortium of

external quality assessment schemes based in the UK but providing
services to diagnostic laboratories, assay manufacturers and near-
patient testing schemes world-wide. Specimens are distributed at
a regular frequency (4 specimens—3 times/year), and are com-
posed by human cells suspended in 2.5 ml  of ThinPrep medium.
The results are scored on the basis of presence/absence of hrHPV

nucleic acid sequences. Semi-quantitative results (i.e., Ct, RLU/CO)
are also obtained from the participating laboratories, but are not
incorporated into reports; indeed, although in a screening setting
the clinically relevant result is qualitative i.e., hrHPV positive or
negative, the difference in quantitative (or semi quantitative) out-
puts between laboratories could provide further helpful insight into
the consistency of assay performance.

4.2.2. Quality Control for Molecular Diagnostics (QCMD)
QCMD is a Scottish ‘not for profit’ organization dedicated to

advancing the quality of molecular diagnostics through External
Quality Assessment (EQA), Proficiency Testing (PT) and other qual-
ity initiatives.

The Human Papillomavirus DNA program consists of a variable
number of specimens (from 8 to 12), distributed once per year.
Samples contain human cells (cell line material and clinical sam-
ples) re-suspended in PreservCyt. Samples are classified according
to the amount of target sequences (high-risk HPV types), as Core or
Educational. Only scores assigned on the basis of the results on the
Core samples are intended for clinical evaluation.

Results are presented in two  different reports. In the individ-
ual report, a detailed description of the specimens under analysis
is presented which includes HPV type present, sample status (HPV
positive or negative), an indication of viral quantification (i.e., Ct
value for Roche Cobas HPV assay and RLU/CO for Qiagen HC2 assay),
not used for scoring. The individual report also contains the labora-
tory score according to “Core sample results” and also “qualitative
score results” which includes the Educational samples. The final

In	 Europe,	 par?cipa?on	 in	 External	 Quality	
Assessment	 is	 required	 by	 Interna?onal	Organiza?on	
for	 Standardiza?on	 (ISO)	 15189:2007	 and	 by	 specific	
Na?onal	Accredita?on	rules	



.	
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…..	usually	in	clinical	virology	it	is	important	to	use	methods	with	the	highest	sensi?vity	
for	the	micro-organism	to	diagnose	the	infec?on.	[OR	WELL	CALIBRATED	SAMPLES	FOR	
VIRAL	LOADS]	
	
The	‘hrHPV	test’	applied	to	the	screening	program	does	not	follow	this	rule;	it	is	a	test	for	
oncogenic	risk	because	the	aim	of	the	screening	program	is	to	iden?fy	women	with	or	at	
risk	of	cervical	precancerous	lesions.	
	

……the	 test	 must	 be	 op?mized	 for	 a	 pre-specified	 clinical	 sensi?vity	 and	
specificity,	according	to	the	interna?onal	guidelines	keep	in	mind	that	the	cut-
off	used	in	this	context	does	not	correspond	to	the	minimum	detectable	level	of	
the	assay.	
	
	 ……….we	 need	 HPV	 EQA	 programs	 specific	 for	 HPV-based	 screening,	
opJmized	to	evaluate	clinical	performance,	and	applicable	to	different	assays	
and	different	collecJon	media.		
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a  b  s  t  r  a  c  t

This review  aims  to highlight  the importance  of  Quality  Assurance  for Laboratories  performing  HPV
test  for Cervical  Cancer  Screening.  An  HPV  test, to be used  as  primary  screening  test,  must  be  validated
according  to international  criteria,  based  on  comparison  of  its clinical  accuracy  to  HC2  or GP5+/6+  PCR-
EIA  tests.  The  number  of validated  platforms  is  increasing  and  appropriate  Quality  Assurance  Programs
(QAPs)  which  can  interrogate  longitudinal  robustness  and  quality  are  paramount.

This  document  describes  the following  topics:  (1)  the  characteristics  of an  HPV  laboratory  and  the
personnel  training  needs,  to ensure  an  elevated  quality  of the  entire  process  and  the optimal  use  of  the
resources;  (2)  the Quality  Assurance,  as  both  internal  (IQA)  and  external  quality  assessment  (EQA)  sys-
tems,  to be implemented  and  performed,  and  the  description  of the  existing  EQAs,  including  limitations;
(3)  general  considerations  for  an  optimal  EQA  program  for  hrHPV  primary  screening

Due  to the  importance  of  Quality  Assurance  for  this field,  international  efforts  are  necessary  to  improve
QA  International  Collaboration.

©  2015  Elsevier  B.V.  All  rights  reserved.
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This review  aims  to highlight  the importance  of  Quality  Assurance  for  Laboratories  performing  HPV
test  for  Cervical  Cancer  Screening.  An  HPV test, to be used  as  primary  screening  test,  must  be validated
according  to international  criteria,  based  on  comparison  of  its clinical  accuracy  to  HC2  or  GP5+/6+  PCR-
EIA  tests.  The  number  of validated  platforms  is  increasing  and  appropriate  Quality  Assurance  Programs
(QAPs)  which  can  interrogate  longitudinal  robustness  and  quality  are  paramount.

This  document  describes  the following  topics:  (1) the  characteristics  of an  HPV  laboratory  and  the
personnel  training  needs,  to ensure  an  elevated  quality  of the entire  process  and  the optimal  use of  the
resources;  (2)  the Quality  Assurance,  as  both  internal  (IQA)  and  external  quality  assessment  (EQA)  sys-
tems,  to  be  implemented  and  performed,  and  the  description  of the  existing  EQAs,  including  limitations;
(3)  general  considerations  for  an  optimal  EQA  program  for hrHPV  primary  screening

Due  to the  importance  of  Quality  Assurance  for  this field,  international  efforts  are necessary  to improve
QA  International  Collaboration.
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a  b  s  t  r  a  c  t

This review  aims  to highlight  the importance  of  Quality  Assurance  for Laboratories  performing  HPV
test  for Cervical  Cancer  Screening.  An  HPV  test, to be used  as  primary  screening  test,  must  be  validated
according  to international  criteria,  based  on  comparison  of  its clinical  accuracy  to  HC2  or GP5+/6+  PCR-
EIA  tests.  The  number  of validated  platforms  is  increasing  and  appropriate  Quality  Assurance  Programs
(QAPs)  which  can  interrogate  longitudinal  robustness  and  quality  are  paramount.

This  document  describes  the following  topics:  (1)  the  characteristics  of an  HPV  laboratory  and  the
personnel  training  needs,  to ensure  an  elevated  quality  of the  entire  process  and  the optimal  use  of  the
resources;  (2)  the Quality  Assurance,  as  both  internal  (IQA)  and  external  quality  assessment  (EQA)  sys-
tems,  to be implemented  and  performed,  and  the  description  of the  existing  EQAs,  including  limitations;
(3)  general  considerations  for  an  optimal  EQA  program  for  hrHPV  primary  screening

Due  to the  importance  of  Quality  Assurance  for  this field,  international  efforts  are  necessary  to  improve
QA  International  Collaboration.
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test  for  Cervical  Cancer  Screening.  An  HPV test, to be used  as  primary  screening  test,  must  be validated
according  to international  criteria,  based  on  comparison  of  its clinical  accuracy  to  HC2  or  GP5+/6+  PCR-
EIA  tests.  The  number  of validated  platforms  is  increasing  and  appropriate  Quality  Assurance  Programs
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resources;  (2)  the Quality  Assurance,  as  both  internal  (IQA)  and  external  quality  assessment  (EQA)  sys-
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(3)  general  considerations  for  an  optimal  EQA  program  for hrHPV  primary  screening

Due  to the  importance  of  Quality  Assurance  for  this field,  international  efforts  are necessary  to improve
QA  International  Collaboration.

©  2015  Elsevier  B.V.  All  rights  reserved.

Contents

1. Background  .  . .  .  .  .  . . . . .  .  . . .  .  . . . .  . . .  . . . .  . . .  . . .  .  . . . .  . . .  . . . . . . . . .  . . . . . . .  . .  . . . .  . .  .  . . .  . . . .  . . . . . . .  . . .  . . .  . . . . . . . . . . .  .  .  . .  . . .  . . . . .  . . . .  . . . . .  . .  . . .  . . . . . . . .  . . .  .  .  . . . . S23
2.  Objective  . .  .  . . . .  .  . . . . . .  .  . . .  .  . . .  . . . . . . . .  . . .  .  . . . .  . . .  .  . . . .  . . .  . . . . . . . . . . .  . . .  . . . .  . . . . . . .  . . . . .  .  . . .  . . . . . . . . . . . . . . . . . .  . . . .  . . .  . .  . . . . .  . . . . .  .  . . . . .  .  .  . .  . . . . . . . . .  . . . .  S23
3.  HPV  laboratory  characteristics  and  personnel  training  . .  . . .  . . .  . . .  . . .  . . . . .  . . .  . .  . . . . . . . .  . . . .  . .  . . .  . . . . . .  . . .  . . . . . . .  . . .  . .  . . . . . . . . .  . . . .  . . .  .  . .  . . . . . . . . . .  . . . .  S23
4.  Quality  Assurance.  .  .  . .  .  . . .  .  .  . . .  . . .  .  . . .  . . . .  . . .  .  . . . .  . . .  .  . . . .  . .  .  . . .  .  . .  .  .  . . .  . .  . .  . . . . . .  . . .  . . . . . . . . . . .  . . .  . . . . . .  . . .  . . . . .  . . . . .  .  . .  . .  .  . . .  .  . . . .  .  .  . . . . . . .  . .  . . . . .  . . .S23

4.1.  Internal  Quality  Control  .  . . .  .  . .  . . . .  . . .  . . . .  . . . .  .  . . .  . . . . . . . .  . . .  . . . .  . . . .  . .  . . . .  . . . .  . . . . . . . . .  . . . . .  . . .  . . . . .  . . .  . . .  . . .  . . . . .  . . . . . . . . .  . .  .  . . . . . .  .  . .  .  . . . . . . .  S24
4.1.1.  Additional  parameters  for  monitoring  the  process  .  . . . .  . .  . . .  . .  .  . . . . .  . . . . . .  . .  . . . . .  .  . . . . . . . . . . . . . . . . . . .  . . . . . . . .  .  .  .  . .  . . . . .  .  . . . . .  . .  .  .  .  . . S25

4.2.  External  Quality  Control  . .  . . . .  . . .  . . .  .  . . .  .  . . .  . . . . . . . . . . .  . . .  . . . . . . . .  .  . .  . .  .  . . . . . . . .  . . .  . .  . . . . . . . . . . . .  . . . .  . . . .  . . .  . . . . .  . .  .  . .  . . .  . .  . . . .  . .  . . .  .  .  . . .  . . . . . . S25
4.2.1.  UK  NEQAS  . .  . . . .  . . . .  . . . .  . . .  .  . . .  . . . . . . . .  . . . .  . . .  . . . . . . . .  . . .  . . .  . . . . . . . . . . .  . . .  . . .  . . . . .  . .  . . .  . . . . . . . . .  . . .  .  . . . .  . .  .  . . . . . . . . . . . . .  . .  .  . .  . . .  . . . . .  . S26
4.2.2. Quality  Control  for  Molecular  Diagnostics  (QCMD)  . . . . . .  . .  . . .  .  . .  . . .  . . . . . . . . . . .  . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  .  .  . . . . . . . S26
4.2.3.  DicoCare  VEQ  HPV-DNA  HR . .  .  . .  .  . . .  .  . . . .  . . . . . . .  .  . .  . . .  . . . . .  . . .  .  . . . . .  . . .  . . . .  .  . . .  . . . . .  .  . . . . . . . .  . . . . . . . . . . .  . .  .  . .  . . . . .  . . . . . .  . .  .  .  .  . . . . .  . . .  S27
4.2.4.  WHO  HPV  LabNet  .  . . .  .  . . .  . . . .  .  . .  . . . . .  . . .  .  . .  . .  . . .  .  . .  . . .  . .  . . .  . .  . .  . . . . .  . . .  . . . .  .  . . . . .  . . .  .  . . . . . . . .  . . . .  . .  .  . . .  .  . .  . .  .  . . . .  .  . . . . .  .  . .  .  . .  . . . .  . . . .  S27
4.2.5.  Instand.  .  . . .  . . . .  .  . .  .  .  . .  . . . .  . . .  . . . .  .  . .  . .  . . .  .  . . .  . .  . .  . . .  .  . . .  .  .  . . .  . . . . .  . . .  . . .  . . .  . . .  .  . . . . . . . . . . . . . . . . . .  . . . . .  . . .  . . .  . .  . .  .  .  . . . . . . .  . . . .  .  .  .  .  .  . . .  .S27

4.3. Considerations  for  an  optimal  EQA  program  for hrHPV  testing  in  a primary  screening  setting  . . . . . .  . . . . . . .  .  . . .  . . .  . . . . . . . .  . .  . . . . . .  . . . .  . . . . . . S27
5. Conclusion  . .  . . .  . . . . . . .  . .  .  . . . .  . . . .  . . .  . . . .  . . . .  .  . .  . . .  . . . . .  . . .  . . . . .  .  . .  .  . . . . . . .  . . . .  . . . .  . . . . .  . . .  . . . . . . . . . . . . . . .  . . . . .  . . .  . . .  . .  .  . . . . .  . . .  .  . . . . . . . .  .  .  .  . . . . .  . . . . .  . . S27

Conflict  of interests  .  .  . . .  . . .  .  . . .  . . . .  .  . .  .  . . .  . . . . . . .  .  . . .  . . . .  . . .  . . . . . . . .  . . .  . .  .  . .  .  . . .  . . . .  . . .  . .  .  . . .  . . . . . . . . . . .  .  . .  . . . . .  . . .  . . . . .  .  . . . .  .  . . . . .  . . .  . .  .  . . . .  .  . . . . .  . . .  .  S28

Abbreviations: HPV, human papillomavirus; RCT, randomized controlled trial; CIN, cervical intraepithelial neoplasia; HC2, hybrid capture 2; QAP, quality assurance
programs; EQA, external quality assessment; IQA, internal quality assessment; hrHPV, high-risk HPV; STM, specimen transport medium; QCMD, quality control for molecular
diagnostics; PT, proficency testing; ISO, International Organization for standardization.

∗ Corresponding author.
E-mail addresses: f.arozzi@ispo.toscana.it, frakaro@gmail.com (F.M. Carozzi).

http://dx.doi.org/10.1016/j.jcv.2015.10.025
1386-6532/© 2015 Elsevier B.V. All rights reserved.

S24 F.M. Carozzi et al. / Journal of Clinical Virology 76 (2016) S22–S28

HPV and pap sampling

HPV-DNATest

Pap test triage

>=ASC-US

COLPOSCOPY

Repe at HPV test after 12 
months

HPV-DNA test positive

COLPOSCOPY

HPV-DNA test
negative

HPV-DN A test
Negati ve Positive

Negati ve

To the next screening 
round 5 yea rs

To the next screening 
round 5 yea rs

Fig. 1. Schematic algorithm of HPV-based cervical cancer screening used in Italy, similar to that used in other European countries.
Reference: Adapted from Epidemiologia & Prevenzione 2012, 36 (3–4), suppl. 1 [12].

Table 1
HPV EQA, examples of available programs.

EQA program Peculiarities Advantages Disadvantages

UK NEQAS - Pooled material of clinical origin, in ThinPrep
medium
-  4 specimens, 3 times a year
- HR HPV types
-  Scores on qualitative performance

- Samples representative of clinical specimens
- Evaluation of all processing steps
-  Periodic evaluation

- No choice of medium
-  Results not elaborated taking into account
semi-quantitative data

QCMD - Cell line material and clinical samples
- 8-10 specimens, in ThinPrep
-  HR types
- Two  kinds of samples: core and educational
-  Score assigned on core results

- Samples representative of clinical specimens
- Evaluation of all processing steps
-  Clinical evaluation

- Annual panel, only one evaluation/year
- No choice of medium
-  Missed untargeted HPV types scored as error

DicoCare - Lyophilized clinical samples, to be
resuspended in the medium in use
- 8 specimens, shipped together, to be tested
2  × 4 times a year
-  HR HPV types

- Samples representative of clinical specimens
- Evaluation of all processing steps
-  Choice of medium
- Periodic evaluation

- Medium re-suspension may  affect the final
results and the comparison between labs

WHO  HPV LabNet - 46 specimens; 43 plasmid-based + 3 cell
lines-based, in phosphate buffer
- HR and 2 LR HPV types

- Stable material
- Representative of most significant HPV types

- Mainly synthetic DNA samples
-Designed for typing evaluation - High
sensitivity
-  Annual panel, only one evaluation/year
-Medium not representative of media used

Instand  - 10 specimens in two shipments
-  Lyophilized clinical samples, to be
resuspended in the medium in use
- HR and LR HPV types

- Samples representative of clinical specimens
- Evaluation of all processing steps
-  Choice of medium
- Periodic evaluation

- Medium re-suspension may  affect the final
results and the comparison between labs

Each HPV laboratory must produce SOPs (Standard Operat-
ing Procedures) that describe all the steps from specimen arrival
to diagnosis communication and the actions to correct the most
frequent problems, to guarantee robustness of hrHPV assay perfor-
mance and associated result dissemination.

4.1. Internal Quality Control

Internal Quality Controls (IQCs) can be supplied within the kit
and also added by the laboratory and included periodically: each
IQC allows evaluation and monitoring of the performance of the
analytical system and helps verify the stability of the analytical
method. IQCs should incorporate a negative HPV control and a

positive HPV control. For negative HPV control a sample with a
result consistently below the cut-off of the test (negative for hrHPV
DNA sequences or containing a very low viral load) is optimal, while
for positive HPV control a sample containing hrHPV sequences with
a result constantly above but close to the cut-off of the test is opti-
mal.

Each IQC has two  different aims: first, to monitor short term
results and to validate each session/batch and also to monitor the
process over time so system deviation can be flagged.

IQCs can also provide real-time alerts allowing immediate acti-
vation of corrective actions.

To monitor the long-term trend, a control chart, registering each
value obtained in each batch is valuable. A control chart can be
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ICQ-EQA: piano per il 2016: viene condivisa la necessità di procedere 
alla stesura di un protocollo comune che stabilisca le modalità e la 
tempistica d’uso dei controlli interni.  
 
Viene altresì condivisa l’opportunità di formalizzare un controllo di 
qualità dei test biomolecolari attraverso il sistema Neqas (proposto 
dalla Ditta Roche) e, almeno per un primo periodo, con un sistema 
esterno alla fornitura di gara (Instand e.V., Dusseldorf ).  
 
Sono peraltro in corso attività presso le Regioni e il GISCi, per 
formalizzare un protocollo nazionale VEQ che sarà verosimilmente 
assunto non appena disponibile. 
 
Sono in corso di valutazione possibili sinergie di ICQ con altre Regioni 


