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Preface
For both, clinicians and pathologists, molecular pathology will be opportunity as well as
challenge in the years to come.
In agreement with the German Society of Pathology, the Federal Association of German
Pathologists and several international scientific societies we have summarized the main
clinical indications, which require molecular analyses on a daily basis.
In this breviary the clinically relevant, i.e. currently established diagnostic procedures and
predictive tests are included.
Regarding particular questions further examinations may be necessary with respect to a
stepwise diagnostic algorithm providing the basis for adequate treatment.

Manfred Dietel
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Determining HER2 amplification
in breast and gastric cancer
Breast carcinoma is the most frequent cancer entity in women. In approximately 15%, these
tumours show an overexpression and/or amplification of HER2 (human epidermal growth
factor receptor 2) as determined by immunohistochemistry or in-situ-hybridization (ISH). In
approximately 20% of gastric adenocarcinomas, a positive HER2 status is detectable as well.
Only HER2 positive tumours benefit from an anti-HER2 therapy for example with Trastuzumab or dual blockage. Therefore, HER2 positivity has firstly to be confirmed before starting with anti-HER2 regimens (here only the in-situ-hybridization [ISH] assay is explained. For
immunohistochemistry testing see Antonio C. Wolff, et al. J Clin Oncol. 2013; 31[31]:3997–4013).

Indication
Predictive test for an anti-HER2 therapy in breast
cancer and gastric cancer.
Breast cancer: ISH to detect HER2 gene amplification if immunohistochemcal score is 2+.
Gastric cancer: Amplification analysis of IHC-positive tumour areal: Anti-HER2 therapy only in the
metastatic setting.

Test Material
FFPE-block (core biopsy or resection specimen) or
6–8 unstained slides.
Test Procedure
In-situ-hybridization (ISH): Fluorescence-ISH = FISH;
Chromogenic-ISH = CISH; Silver enhanced-ISH = SISH.
Probes against HER2-locus and centromere enumeration probe chromosome 17.

Typical problems
› No evaluable signals due to poor fixation
› strong intra-tumourous heterogeneity of the signals, especially in gastric cancer.
Duration
Approx. 4 working days.
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Batch controls and on-slide controls show appropriate hybridization

HER2/CEP17 ratio ≥ 2.0

HER2/CEP17 ratio < 2.0

Average HER2
copy number ≥ 4.0
signals/cell

Average HER2
copy number < 4.0
signals/cell

Average HER2
copy number ≥ 6.0
signals/cell

Average HER2
copy number ≥ 4.0
and < 6.0
signals/cell

Average HER2
copy number < 4.0
signals/cell

ISH
positive

ISH
positive

ISH
positive

ISH
equivocal

ISH
negative

Must order a reflex test (same specimen using IHC),
test with alternative chromosome 17 probe,
or order a new test (new specimen if available, ISH or IHC)
Fig. 1: ASCO/CAP Guidelines.
See more at: www.instituteforquality.org/
recommendations-human-epidermal-growth-factor-receptor-2-testing-breast-cancer-american-society#sthash.4QmReYqx.dpuf
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Breast Cancer Assay EndoPredict®
Overtreatment of breast carcinomas?
To achieve a clinical utility, results of molecular pathological assays should be linked to an
increase in total survival time, time without relapse and/or improvement of quality of life.
Nowadays, many female patients with breast cancer benefit from combined modern treatment that consist of surgery, radiation and chemotherapy. In addition, there is anti-hormonal therapy and treatment using antibodies (Herceptin®, etc.). In many cases, the treatment
strategy is defined on by clinical and pathologi-cal examinations (tumour size, estrogen/
progesterone Rc and human epidermal growth factor Rc 2/neu within clinical studies etc.).

Indication
In case of estrogen-receptor-positive, HER2-negative primary breast cancer without prior neoadjuvant therapy the deci-sion to treat a patient
adjuvant only with anti-hormone therapy (e.g. Tamoxifen) or with anti-hormone drugs plus chemotherapy should be based on the result of the multi-gene assay EndoPredict.

Test Material
Formalin-fixed paraffin-embedded tissue containing biopsy material or resection material from the
primary tumour. The paraffin blocks must contain
a sufficient (approx. 20–30%) number of tumour
cells. 6–8 unstained slides containing tumour tissue are also sufficient.
Test Procedure
RNA extraction followed by qRT-PCR in certified
laboratories.

Typical problems
› Insufficient number of tumour cells and thus low
amount of RNA in small biopsies, which should
contain > 30% tumour cells
› Acid-decalcified tissue of bone metastases is not
always suitable for RNA extraction
› RNA-degradation due to poor fixation or non-buffered fixatives.
Duration
About 7 working days after arrival in the performing institute. Fast track preparations are possible.

Current treatment strategies can lead to overtreatment
In particular, chemotherapy is usually not really necessary for all patients with estrogen-receptor-positive, HER2-negative tumours (about 60% of all new cases). Anti-hormonal therapy would be sufficient and result in significant reduction of side effects. This is particularly true for small, hormone receptor-positive tumours.
Personalised and evidence-based medicine
When can chemotherapy be omitted? Validated molecular biological multigene tests can
be helpful to identify those patients that have an excellent prognosis with endocrine therapy alone, for these patients an additional chemotherapy is not necessary, because the
overall risk of metastasis is very low. Gene expression assays can be employed according
to the international St. Gallen guidelines in 2009, 2013 and 2105 to determine the prognosis and treatment success. These can deliver additional valuable information, which allow
the treating physician to get a better assessment of the tumour and to have an improved
individual selection of treatment.
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Clinical studies
By applying EndoPredict® (EPclin), based on 1700 female patients in the ABCSG 6 & 8 clinical studies, a low-risk group with a recurrence risk less than 5% in general antihormonal
treatment over an observation period of 10 years has been identified.
In other words: In 843 out of 1450 female patients, who had received predominantly chemotherapy according to the current defined criteria, these would not imperatively have been
required when applying EndoPredict®.
The EndoPredict® Test is a joint development of Sividon Diagnostics in Cologne with the
participation of Charité University Medicine Berlin, General Hospital in Vienna as well as
numerous German university clinics. The test involves molecular analysis of eight prognostic related genes; the profile of changes enables the predictive determination of the individual course of disease.
This molecular fingerprint is combined with the clinical factors already determined by the
pathology, such as tumour size and nodal status, and results in the so-called EPclin score.

EndoPredict Report
Histo-No: 275

Tumor Properties
2.9 (low risk)
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pT1c (>1-2cm)
pT1c

Fig. 2: Based on the EPclin score,
the risk assessment is carried out
on a scale of 1–6 (cut off: 3.3).
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Cancer of unknown primary
CANCERTYPE ID®
Carcinoma of unknown primary site (CUP) represents ca. 5% of all newly diagnosed malignant tumours. For most patients with CUP a chemotherapy-based solely on empiric data is
applied, the so called CUP-regimen. Consequently only modest benefits can be achieved and
the survival of this group of patients continues to be extremely poor (median survival approx.
9 months). The standard method to disclose the putative origin of the tumour is extensive immunohistochemical analysis (IHC). However, due to the limited number of antibodies detecting
tumour-specific antigens, IHC provides a specific cancer type only for about 66% of patients.
To improve this unsatisfactory situation a molecular test was developed, the CancerTYPE ID®.

Indication
When a malignant lesion is diagnosed histologically without being sure on the site of the primary
tumour it is absolute necessary to clarify the primary tumour localization in order to apply the most
efficient therapy.
This can be done most precisely by gene expression analysis of 92 genes.

Test Material
Formalin-fixed and paraffin-embedded tissue.
Test Procedure
qRT-PCR after laser microdissection of tumour areas.

Typical problems
› Insufficient number of tumour cells despite laser
microdissection, micro-metastases or necrotic tumour tissue, which should contain ca. > 30% well
preserved tumour cells
› Acid-decalcified tissue of bone metastases is not
always suitable for RNA extraction
› RNA-degradation due to poor fixation.
Duration
About 4–7 working days.

CancerTYPE ID® for a more specific therapy
Based on gene expression profiles of normal tissues, cancer specific gene expression profiles can be recognized in tumours from different sites of origin. Molecular tumour profiling is a new diagnostic technique that enables prediction of the tissue of tumour origin by
detecting site-specific gene expression. Clinical relevance was shown by Hainsworth et al.
(J Clin Oncol 2013; 31:217–23) who proved a longer median survival time for patients who
received assay-directed site-specific chemotherapy, when compared with previous results
using empiric CUP regimens.
The CancerTYPE ID® is a real-time RT-PCR assay of 92 genes (87 tumour-associated genes
and 5 reference genes). This tumour classifier leads to an overall accuracy of 87% of cases,
i.e. 20% more than with immunohistochemistry.
The 92 genes, 87 for content and 5 for normalization, were identified by a data-dependent
search for gene combinations optimal for multi-tumour classification from whole-genome
expression profiles of 578 tumour samples. The key advantage of this approach was that
the genes evolved as a set, rather than as individual biomarkers, and that their collective
expression is used for each tumour type classification. The 92-gene assay is able to classify 30 main tumour types and 54 histological subtypes, with coverage of ≥ 95% of all solid
tumours based on incidence. The assay is routinely performed at the Institute of Pathology Charité, Berlin in cooperation with bioTheranostics, San Diego, USA.
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Colo-rectal Cancer: Microsatellite
Analysis of HNPCC
Approximately 3% of all colo-rectal cancers are due to a hereditary genetic defect. Knowledge of a genetic predisposition is of utmost importance for the affected patients and
their relatives since intensified endoscopic surveillance has been shown to effectively
protect these patients from cancer development or recurrence. The most common reason for hereditary non-polyposis colorectal cancer (HNPCC) is the Lynch syndrome,
which is caused by germline mutations in one of the DNA-mismatch repair genes, namely
MLH1, PMS2, MSH2 and MSH6. As a consequence of the DNA mismatch repair inactivation, cancers from Lynch syndrome patients characteristically display a genetic instability, termed microsatellite instability (MSI). Testing of colorectal cancers for MSI in patients

Indication
Screening method for identifying patients with
HNPCC/Lynch syndrome. It is performed when 1
of the clinical Bethesda criteria (see below) is met.

Test Material
Formalin-fixed paraffin-embedded tissue of biopsy material, tumour block of resection or 6–8
unstained slides; instead of normal tissue: blood
sample of patient.
Test Procedure
PCR-amplification of 5 micro-satellite markers of
tumour and normal tissue-DNA; analysis of the
PCR products via capillary electrophoresis; evaluation of microsatellite status (MSS, MSI-L, MSI-H)
via comparison of peak pattern.

Typical problems
› Insufficient amount of tumour cells and thus tumour-DNA in small biopsies, which should contain > 30% tumour cells
› Acid-decalcified tissue of bone metastases is not
always suitable for DNA extraction
› DNA-degradation due to poor fixation.
Duration
About 4–5 working days.

showing features of HNPCC (as determined by the revised Bethesda criteria) thus allow
excluding or including the differential diagnosis of Lynch syndrome and guides further
genetic counselling.

Revised Bethesda Criteria (2004)
At least 1 criteria must be achieved | Authority and further
information: Collaborative project “Familial colorectal cancer”
of the German Cancer Aid; www.hnpcc.de
1
2

3

4

5

Person with colorectal cancer diagnosed before the age of 50 years.
Person with synchronous or metachronous HNPCC-associated tumours, (endometrial,
stomach, ovary, pancreas, ureter, renal pelvis, bile ducts, brain (mostly glioblastomas),
sebaceous adenoma and keratoacanthoma (with Muir-Torre-syndrome), small intestine).
Person with colo-rectal cancer with “MSI-H Histology” (Presence of tumour-infiltrating
lymphocytes, Crohn-like lymphocytic reaction, mucinous/signet ring cell differentiation
or medullar growth pattern, diagnosed before the age of 60 years.
Person with colorectal cancer (any age), a first-degree relative with HNPCC-associated
tumour diagnosed before the age of 50 years.
Person with colorectal cancer (any age), which has at least 2 relatives of first-degree
or second-degree, has diagnosed with HNPCC-associated tumour (regardless of age).

Oncology
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Mutation analysis of K-RAS and N-RAS
in advanced colo-rectal cancer (CRC)
Receptor

mastigotes are
agocytosed

Malignant tumours of the gastro-intestinal tract, in particular of the large intestine, are
world-wide a fundamental problem since their frequency is high and therapy is limited.
In western countries modern targeted therapy using therapeutically active antibodies directed against the epidermal growth factor receptor (EGFR) is becoming a routine proReceptor
cedure if the molecular prerequisites, i.e. a RAS wild type adenocarcinoma, are proven by
molecular pathology.

3 Promastigotes
transform into
amastigotes

astigotes
ve infected
s

Indication
Test for predicting the effectiveness of inhibitory
antibodies directed to EGFR (e.g. Pani-tumumab/
Vectibix® or Ce-tuximab/Erbitux®) in advanced CRC.
Blockade of the EGFR is only meaningful in wild
type status of K-RAS and N-RAS, because a K/NRAS mutation leads to activation of the RAS signaling pathway and to a primary resistance against
EGFR inhibition (see figure).
Patients with mutations of exons 2, 3, or 4 of K/NRAS
treated with antibodies, show up with a shorter PFS
and ORR when compared with FOLFOX4-therapy
(data from OPUS-study for Cetuximab-Erbitux® and
PRIME study for Panitumumab-Vectibix®). Thus the
parallel analysis of KRAS and NRAS indispensable.

RAS

Test Material
Formalin-fixed paraffin-embedded tissue; biopsy
(minimum 1 × 1 mm tumour), tumour bloc of bowel
resection or 6–8 unstained slides containing tumour tissue.
Test Procedure
Mutation analysis of exon 2 (Codon 12 and 13): Exon
3 (Codons 59/61), Exon 4 (Codons 117/146) and N-RAS
Exon 2 (Codons 12/13), Exon 3 (Codons 59/61), Exon
4 (Codons 117/146).
Allele-specific PCR, melting point analysis (HRM,
High Resolution Melting), Sanger-sequencing, pyro-sequencing, hybridization procedures, next
generation sequencing (targeted amplicon re-sequencing) covering the above mentioned gene regions (i.e. ColonLung Panel V2, LifeTech-nologies).

Typical problems
› Material from rectum resection after neoadjuvantCell
RAFradio-chemotherapy: insufficient tumour glands atProliferation
“Good Responders” Y it would be better to analyze pre-therapeutic biopsy
› Insufficient amount of tumour cells and thus tumour-DNA in small biopsies, which should contain > 30% tumour cells
› Acid-decalcified tissue of bone metastases is not
always suitable for DNA extraction
› DNA-degradation due to poor fixation.
Duration
about 5 working days after arrival in the performing institute.

Ligands
Panitumumab and cetuximab inhibit
ligand binding, dimerisation, activation of
receptor and the signalling pathway
EGFR

(K/N RAS
(Wild-type)
RAF
Fig. 3: EGFR signaling pathway
with mutated and non-mutated
RAS explaining the relevance of
a RAS alteration. In case RAS is
mutated the growth stimulation
is generated constitutively within the tumour cells and a therapeutic antibody, which binds to
the external domain of the EGFR
will be without any effect.

MEK
ERK

Mutant (K/N)RAS
constitutively
active – 40% of patients

ELK
Activation of
› Proliferation
› Anglogenessis
› Malignant phenotype
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Ewing Sarcoma, FLI1 Fusion Transcripts
Ewing sarcoma (EWS) is the second most common primary sarcoma in children and young
adults. This type of cancer is a bone cancer and most commonly occurs in the long bones,
ribs, pelvis and spine (vertebral column). Rarely EWS occurs in the tissue around bones
(soft tissue). It can spread to the lungs, bones and bone marrow.
Genetic exchange between chromosomes can cause cells to become cancerous. Most
cases of Ewing sarcoma (85%) are the result of a translocation between chromosomes
11 and 22, which fuses the EWS gene of chromosome 22 to the FLI1 gene of chromosome 11.
Other translocations are positioned at t(21;22) and t(7;22).

Indication
Histologically EWS are so-called small, blue round
tumours, which may be very difficult to be diagnosed correctly. Molecular translocation analyses are being used not only for the diagnosis and
classification but also to ascertain their prognostic
significance, detect micro-metastases, and monitor minimal residual disease, with potential for targeted therapy.

Test Material
Formalin-fixed paraffin-embedded tissue containing sufficient tumour tissue.
Test Procedure
The EWS/FLI1 translocation can be detected by RTPCR or FISH the latter being most often applied.

Typical problems
› Insufficient amount of tumour cells in a given
sample
› Low quality of the tissue or the extractable RNA;
RNA-degradation due to poor fixation
› Good morphological integrity if DNA-based FISH-assays were used for detection.
Duration
5 working days after arrival in the institute.

Oncology
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GIST and non UV-associated malignant
melanoma: c-KIT mutation analysis
One of the first examples of personalized medicine applying targeted drugs has been the
gastro-intestinal stromal tumour (GIST) treated by c-Kit inhibitors in case a mutation in the
c-KIT gene has been detected by molecular pathology. This approach resulted in a dramatic improvement in the treatment of GIST. c-KIT mutations are found in approximately
85% of GISTs. The exon location of the mutation influences the biologic behavior of the
tumours, mutations in exon 9 of the c-KIT gene require higher doses of tyrosine-kinase inhibitors. Secondary mutations, mainly located in the kinase domain of c-KIT can confer acquired resistance to certain kinase inhibitors. A similar situation is given for malignant melanomas, in which c-KIT mutations are present in 10–20% of cases. c-KIT mutations occur

Indication
Histologically EWS are so-called small, blue round
tumours, which may be very difficult to be diagnosed correctly. Molecular translocation analyses are being used not only for the diagnosis and
classification but also to ascertain their prognostic
significance, detect micro-metastases, and monitor minimal residual disease, with potential for targeted therapy.

Test Material
Formalin-fixed paraffin-embedded tissue containing sufficient tumour tissue.
Test Procedure
The EWS/FLI1 translocation can be detected by RTPCR or FISH the latter being most often applied.

Typical problems
› Insufficient amount of tumour cells in a given
sample
› Low quality of the tissue or the extractable RNA;
RNA-degradation due to poor fixation
› Good morphological integrity if DNA-based FISH-assays were used for detection.
Duration
5 working days after arrival in the institute.

throughout all melanoma types including mucosal, akrolentiginous melanoma and melanoma arising in skin with sun induced damage. Like in GIST, c-KIT mutated melanoma patients profit from tyrosine-kinase inhibitors.

1
2
Extracellular domain
(lg-like domains 1–5)

3
4
5
GNKK

Transmembrane domain
Juxtamembrane domain

S

Split tyrosine kinase domain
(with kinase insert)

Carboxyterminal tail region
Fig. 4: Mutation frequency in
KIT-Receptor, GIST-Index Bonn.

c-Kit

tr-Kit

21

Gastro-intestinal stromal tumours (GIST):
PDGFR mutation analysis
Approximately one-third of GISTs lacking mutations in c-KIT harbor mutations in exons 12
or 18 of the PDGFR gene. Like c-KIT mutated GISTs, PDGFR mutated tumours respond to
tyrosine-kinase inhibition. PDGFR mutated GISTs are preferentially found in the stomach,
they often exhibit epithelioid morphology and may show absence of c-KIT expression by
immunohistochemistry. Thus, the detection of a PDGFR mutation is not only predictive
but also diagnostic in IHC-KIT negative spindle cell tumours.

Indication
Test for predicting the effectiveness of therapy with
tyro-sinkinase inhibitors directed to PDGFRA (e.g.
Imatinib or Glivec®) in epitheloid GIST.

Test Material
Formalin-fixed paraffin-embedded tissue of biopsy material, tumour block of resection or 6–8
unstained slides.

Attention: point mutation D842V in Exon 18 results in resistance.

Test Procedure
Mutation analysis of exon 12 and 18. Sanger sequencing or amplicon-based NGS.

Typical problems
› Insufficient amount of tumour cells and thus tumour-DNA in small biopsies or necrotic tumour
tissue, which should contain > 30% well preserved
tumour cells
› Acid-decalcified tissue of bone metastases is not
always suitable for DNA extraction
› DNA-degradation due to poor fixation.
Duration
About 10–14 working days.

Oncology
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Lung Cancer, Non-Small-Cell:
EGF-Receptor (EGFR, HER1) mutation
Malignant tumours of the pulmonary tract belong to the most deadly neoplasm. Most often they are detected only in an advanced and thus non-curable stage. Thus chemotherapy and in particular up-to-date targeted therapy are the only options for treatment. In
non-small cell lung cancer (NSCLC) new tyrosine kinase inhibitors (TKI) are a group of very
effective drugs, which, however, are only indicated if special mutations of the EGFR are detected prior to drug application.

Indication
Test for predicting the effectiveness of therapy
with tyrosine kinase inhibitors directed to EGFR
(e.g. Gefitinib/Iressa® or Erlotinib/Tarceva®) in nonsmall cell lung cancer.
Iressa® is approved as first- and second-line therapy
when a predictive mutation is present that means
the search for mutations is obligatory required.

Test Material
Formalin-fixed paraffin-embedded tissue; biopsy,
tumour bloc of resection or 6–8 unstained slides
containing sufficient tumour tissue. In specialized
centers cytology material from EBUS.
Test Procedure
Mutation analyses of Exon 18, 19, 20 and 21 with
Sanger-Sequencing.

Attention: The mutation T790M in Exon 20 and further mutations in Exon 19 and 20 (see figure) results in resistance and occurs typically after prolonged therapy with tyrosine kinase inhibitors
(secondary resistance).

Typical problems
› Insufficient amount of tumour cells and thus tumour-DNA in small biopsies or necrotic tumour
tissue, which should contain > 30% well preserved
tumour cells
› Acid-decalcified tissue of bone metastases is not
always suitable for DNA extraction
› DNA-degradation due to poor fixation.
Duration
About 5–10 working days after arrival in the performing institute.
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Fig. 5: The diagnostic algorithm of NSCLC
changed fundamentally during the last
10 years. The current standard includes a
detailed morphological, immunohistochemical and mutation analysis to provide a robust
basis for the appropriate treatment.

1 Squamous-cell carcinoma – 20%
2 Andenocarcinoma – 27%
3 Large cell carcinoma – 53%
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Analysis of EML4-ALK chromosomal
inversion in Non-Small-Cell Lung Cancer

Exon 18

Exon 19

Exon 20

879

823

(5%)

824

761

(<7%)

762

725

729

665

About 2–7% of NSCLC
patients harbor
anaplastic
rearrangements
EGF binding
EGF binding
TM lymphoma
Tyrosinekinase
kinase (ALK)
Autophosphorylation
that respond to treatment with tyrosine kinase inhibitors (TKI), e.g. crizotinib. Patient selec2
5
7
13
16 17
18-21
23-24
28
tion in the clinical trials that lead to therapy approval by the U.S. Food and Drug AdministraMutations
tion (FDA) and
the associated
European Medicines Agency (EMA) was based on fluorescence in-situ
with drug resistence
hybridization (FISH). Therefore, FISH is regarded T79M
as the
gold standard, however, validated
(50%)
D770_N771(ins NPG)
IHC (e.g. pre-screening) and NGS are further possibilities.
D770_N771(ins SVG)
D770_N771(ins G N77i)
In case of ALK-positivity the patient can be treated
with an ALK-inhibitor. This anal-ysis is a
V769L
D76TY
V768i
crucial prerequisite to achieve a robust efficacy of this type of targeting drugs.
Exon 21

T79M (40-45%)
T79M (50%)
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V765A
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Indication
Material D76TY
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paraffin-embedded
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alectinib)
tumour block D770_N771(ins
of resection or 6–8
unstained slides
mour-DNA in small
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V768i
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in non-small cell lung cancer.
containing sufficient
tissue, which should contain > 30% well preserved
V768i tumour tissue. In specialized
centers cytology
material fromNPG)
EBUS.
tumour cells (40–45%)
D770_N771(ins
(3%)
V769L
› Acid-decalcified tissue of bone metastases is not
D770_N771(ins NPG)
Test Procedure
always suitable for DNA extraction
Mutations associated
D76TY
with drug sensitivity
Detection of ALK
inversion by FISH
of CISH.
› DNA-degradation due to poor fixation
D770_N771(ins
SVG)D76TY
Detection of ALK
protein expression be validated
› Prolonged formalin fixation leading to reduced
D76TY
D770_N771(ins SVG)D76TY
IHC tests
protein detection.
(45%)

Duration
About 5 working days after arrival in the institute.
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Malignant Lymphoma: B- and
T-Cell-Clonality-Analysis
Gene rearrangement is a somatic process occurring in immature lymphocytes that recombines the gene segments of immunoglobulin (IG) or T-cell receptor (TCR) genes to form
the variability (V) gene sequences that encode the V regions of antigen receptor proteins.
The V(D)J rearrangement is unique for each B or T cell and a particular V(D)J recombination is highly enriched during clonal expansion of a malignant lymphocyte. Thus, the identification of dominant V(D)J rearrangement suggests that the lesion contains a monoclonal
cell population, which may represent a malignant clone. Pseudoclonality can be observed
in non-lymphoid tissues with a small lymphocytic infiltrate.

Indication
Test for the identification of clonal B- or T- cell
populations.
The interpretation of the clonality results should
only be performed in the context of histological
and immunophenotypical findings. It has to be
stressed that monoclonality is not synonymous
with malignancy.

Test Material
Formalin-fixed paraffin-embedded tissue specimens
including decalcified bone marrow trephines; peripheral blood, various types of effusions, vitreal
punctates and liquor.
Test Procedure
A large European collaborative group has developed standardized BIOMED-2 assays using a multiplex PCR approach that involves multiple pairs of
consensus or family primers for each locus of immunoglobulin (IG) or T-cell receptor (TCR) genes.
Each PCR tube contains several upstream and
downstream primers. The PCR products should
be detected by either gel or capillary electrophoresis. The assays are available as commercial prepackaged kits.

Typical problems
› A small clone comprising < 10% of a total cell
population may be missed within a polyclonal
background
› Pseudoclonality can be observed in non-lymphoid tissues with a small lymphocytic infiltrate.
The best way to differentiate pseudoclonality
from true clonality is to perform duplicate PCR.
Benign oligoclonality or pseudoclonality would
not be reproducible
› Decalcification and poor fixation can lead to extensive DNA degradation.
Duration
Approx. 5 working days.

The best way to differentiate pseudoclonality from true clonality is to perform duplicate
PCR reactions. Benign oligoclonality or pseudoclonality would not reproduce the same
bands/peaks in two independent PCR reactions.
On the contrary, if all V(D)J are more or less equally represented by the population of lymphocytes analyzed, the finding suggests that the lesion is polyclonal.
In 10% to 30% of lymphoproliferative lesions, in which histologic examination and immunohistochemical analysis are not definitive, gene rearrangement analysis may be applied
to (i) distinguish malignant from 33 benign lesions, (ii) identify B-cell and T-cell lymphomas, (iii) assess whether there is a bone marrow involvement by a malignant lymphoma
for staging and (iv) determine the pathologic relationship of two lymphomas from different anatomic sites or between a primary and a secondary lymphoma present at different
times (is the secondary tumour new or recurrent?).
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Malignant Leukemia/Lymphoma: Diagnostic
Characterization of Genomic Alterations
Many malignant lymphomas (especially of B-cell type) are characterized by recurrent chromosomal alterations (many translocations). These alterations are important tools to achieve
a therapy-relevant sub-classification which is often not possible by morphology, immunohistochemistry and clinical information alone. The detection of these chromosomal alterations is usually performed by FISH which allows a precise and specific assignment of the
fluorescence signals to the tumour cell population.
To support the distinction of Burkitt lymphoma from diffuse large B-cell lymphoma the detection of chromosomal breaks of the MYC gene is applied. This can be done with the help

Indication
Test for supporting the morphological and immunohistochemical diagnostics. Treatment relevance
is given for some of the assays.

Test Material
FFPE-block (core biopsy or resection specimen) or
6–8 unstained slides.
Test Procedure
In-situ-hybridization (ISH); Fluorescence-ISH = FISH.
Fluorescence-labeled probes against the respective loci and – in the case of chromosomal losses
and gains – centromere enumeration probes are
required.

Typical problems
› insufficient tumour DNA in small biopsies, which
should contain > 30% tumour cells
› acid-decalcified tissue of bone metastases is not
always suitable for DNA extraction
› extensive DNA-degradation in poor fixation.
Duration
Approx. 5 working days.

of MYC break-apart probes or with MYC/IgH fusion probes to demonstrate the involvement
of the immunoglobulin heavy chain gene. Breaks in the genes for BCL-2 and BCL-6 are often used as additional molecular events to come to a final diagnosis, i.e.
› MYC, break, amplification [lymphoid/myeloid malignancies]
› MYC/IgH, translocation, t(8;14) [Burkitt lymphoma]
Translocations involving cyclin D1 gene are constantly found in mantle cell lymphoma. Usually the detection of this chromosomal event is realized by monoclonal antibodies against
the cyclin D1 protein. However, there are additional types hematological disorders (B-cell
leukemia, multiple myeloma, other B-NHL) which might carry cyclin D1 translocations. Since
it is not always ensured that the cyclin D1 protein is expressed as a consequence of the
translocation, additional detection of the cyclin D1 gene break by FISH is helpful in some
of these situations, i.e.
› CCND1/IgH, translocation, t(11;14) [mantle cell lymphoma, B-cell leukemia, multiple
myeloma, other B-NHL]
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MALT1 translocations are found in some lymphomas of the marginal zone of mucosa-associated lymphoid tissue. The detection of this alteration might be helpful to identify patients who do not benefit from H. pylori treatment, i.e.
› MALT1, break [mucosa associated lymphoma]
ETV6 (TEL) is frequently found in patients with balanced 12p13 rearrangements. In childhood ALL this chromosomal event is associated with a favorable outcome, However, TEL
rearrangements are also present in numerous other lymphoid or myeloid malignancies, i.e.
› ETV6 (TEL), break [acute and chronic, lymphoid and myeloid malignancies]
N-MYC amplification is frequently found in neuroblastoma but also in several other tumour types such as acute myeloid leukemias, breast cancer, prostate cancer and smallcell lung cancer, i.e.
› N-MYC, amplification [lymphoid/myeloid malignancies and others]
Gains of the chromosome 9 (trisomy 9) are found in a variety of myeloid and lymphoid
malignancies including AML, B-ALL and T-ALL, i.e.
› Trisomy 9 [leukemia/lymphoma]
Deletions of 5q are found in a subtype of myelodysplastic syndrome and in some cases
of AML, i.e.
› 5q deletion (5q31) [myelodysplastic syndrome]
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Malignant melanomas and other
Tumours: Mutation Analysis of B-RAF
Metastasized malignant melanomas (MM) are one of the most aggressive and therapy-resistant tumours in humans. Since some years it became obvious that ca. 50% of MM
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Duration
4–7 working days according to the method.
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Myeloproliferative neoplasms
JAK2/MPL/Calreticulin
Myeloproliferative neoplasms (MPN) are a group of chronic haematologic malignancies
characterized by the overproduction of mature blood cells. The discovery of Philadelphia
chromosome (Ph) and its genetic equivalent BCR-ABL1 fusion genes has led to the separation of chronic myeloid leukemia from the Ph-negative MPN subgroup. The discrimination of the different Ph-negative MPNs from reactive bone marrow lesions and from each
other has been made possible due to the identification of characteristic morphological
features coupled with the discovery of somatic mutations in JAK2, MPL and Calreticulin
(CALR) genes. Thus, mutation analysis in conjunction with the histological and immunophenotypical analysis of bone marrow biopsies can lead to a precise diagnosis in these cases.

Indication
In suspected myeloproliferative neoplasms (MPN;
e.g. polycythaemia vera, idiopathic myelofibrosis,
essential thrombocythaemia).
Polycythaemia vera is associated with JAK2 mutations (JAK2 617F and JAK2 exon 12 mutations) in
virtually all cases. In contrast, JAK2 mutations are
present in essential thrombocythaemia (ET) and
primary myelofibrosis (PMF) in only 50–60%. Mutations of the thrombopoetin receptor (MPL) gene
are detectable in 3–5% of ET and 5–8% of PMF. Mutations of the CALR gene were more recently identified in 50–80% of JAK2 and MPL-mutation negative ET and PMF patients.

Test Material
Formalin-fixed and paraffin-embedded tissue specimens including EDTA-decalcified bone marrow
trephines, EDTA-blood, bone marrow smears and
aspirates.
A Ficoll-separation is recommended in the case of
EDTA-blood and bone marrow aspirates.
Test Procedure
Allele-specific PCR, melting curve analysis (HRM,
High Resolution Melting), PCR with following
Sanger-Sequencing, Pyro-sequencing or amplicom-based next generation sequencing.

Typical problems
› Insufficient amount of tumour cells and thus tumour-DNA in small biopsies or necrotic tumour
tissue, which should contain > 30% well preserved
tumour cells
› Acid-decalcified tissue of bone metastases is not
always suit-able for DNA extraction
› DNA-degradation due to poor fixation
› For the detection of heterozygosity the mutation
must exist between 10 and 40% mutated strands
in a wild type background.
Duration
4–7 working days according to the method.
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Ovarian Cancer and Breast Susceptibility
Gene 1/2 [BRCA1/BRCA2]
A new class of targeting drugs is the so called PARP inhibitors. They are specifically inhibiting the enzyme poly ADP ribose polymerase (PARP) that plays an essential role in the repair of DNA single-strand breaks. PARP inhibitors cause synthetic lethality in tumours that
have a deficiency in the repair of DNA double-strand breaks, which is most often due to
BRCA1/2 mutations.
Currently olaparib (Lynparza®) is the only PARP inhibitor approved by the FDA and the EMA
for recurrent high-grade serous platinum-sensitive carcinoma of the ovary, fallopian tube and
peritoneum. The approval is restricted to tumours with a BRCA1/2 mutation. The method of
choice to determine this is BRCA sequence analysis in tumour tissue provided by molecular
pathology. The only method adequate to this analysis is next generation sequencing (NGS).

Indication
The PARP-inhibitor Olaparib is approved for recurrent high-grade serous platinum-sensitive carcinoma of the ovary, fallopian tube and peritoneum.

Test Material
Formalin-fixed paraffin-embedded tissue; biopsy,
tumour bloc of resection or 6–8 unstained slides
containing sufficient tumour tissue.
Test Procedure
Amplicon-based next generation sequencing.

Typical problems
› Requires special workflow in molecular pathology
› Highly challenging bioinformatical analysis and
interpretation of the results
› Insufficient amount of tumour cells and thus tumour-DNA in small biopsies or necrotic tumour
tissue, which should contain > 30% well preserved
tumour cells
› Acid-decalcified tissue of bone metastases is not
always suitable for DNA extraction
› DNA-degradation due to poor fixation.
Duration
7–14 working days after arrival in the institute.
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Rare Tumours with druggable/
actionable mutations
›
›
›
›
›

Thyroid Carcinoma
Neuro-endocrine Carcinoma
Head and Neck Carcinoma
Renal Cell Carcinoma
others

Most often targeted therapy is not established or approved for tumour entities which are
relatively rare. Nonetheless, druggable or actionable mutations can be found relatively frequently opening the door for an individualized treatment option. This is particularly true
when the established therapeutic approaches have failed or when resistance appears.

Indication
In case all established treatment options are no
longer active a broad mutation analysis may be
considered to identify molecular targets.

Test Material
Formalin-fixed paraffin-embedded tissue.
Test Procedure
Amplicon-based next generation sequencing covering gene regions which provide information about
druggable mutations.

Typical problems
› Insufficient amount of tumour cells and thus tumour-DNA in small biopsies or necrotic tumour
tissue, which should contain > 30% well preserved
tumour cells
› Acid-decalcified tissue of bone metastases is not
always suitable for DNA extraction
› DNA-degradation due to poor fixation.
Duration
7–10 working days after arrival in the institute.

Prior the decision which drug is potentially helpful a wide molecular analysis applying next
generation sequencing is an unavoidable prerequisite. On the basis of the result regarding
the individual tumour the interdisciplinary tumour board may start a treatment in an off-label setting. Cautious controls of the tumour’s behavior are necessary.
The spectrum of molecular targets to be detected includes all the above mentioned cancer associated abnormalities that are known as druggable and by this may allow an individual therapeutic intervention.
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Rhabdomyosarcoma, alveolar with PAX3/
FOXO1 or PAX7/FOXO1 Fusion Transcripts
Alveolar rhabdomyosarcoma (ARMS) is a malignant soft tissue tumour which tends to occur within skeletal muscle. It represents ~ 1% of all malignancies among children and adolescents, and has an annual incidence of ~ 1 per million. It is postulated that this type of
tumour is derived from precursor cells within the skeletal muscle. Most often it is located
within the extremities but can also occur in other sites including trunk and head and neck.
A substantial fraction of patients with ARMS (25–30%) will have metastatic disease at the
time of diagnosis. ARMS most frequently spreads to bone marrow, distal nodes, and bone.
As shown by genetic subtyping ARMS can be associated with a fusion protein between
PAX3/FOXO1, which is created by the translocation t(2;13)(q35;q14).

Indication
The histological diagnosis of ARMS can be difficult
on morphology only. The molecular detection of
fusion transcripts PAX3/FOXO1 and PAX7/FOXO1
can be of help.
In addition this genetic alteration has some relevance regarding prognosis.

Test Material
Formalin-fixed paraffin-embedded tissue containing sufficient tumour tissue.
Test Procedure
The sarcoma array kit (Chipron) is a RNA/cDNA
based detection system (RT-PCR) of fusion transcripts of sarcomas; more details see “Ewing Sarcoma” (p. 19). Alternatively, DNA-based FISH
tests may be used.

Typical problems
› Requires special workflow in molecular pathology based on RNA extraction and hybridization
of the PCR-products
› RNA-degradation due to poor fixation.
Duration
5–7 working days after arrival in the institute.

This can serve as a tumour marker and is linked to an increased risk of metastasis to bone
marrow and hence increased rate of failure and death were seen.
In addition, ARMS can also be associated with PAX7-FOXO1 fusion protein which is often
associated with young children.
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Synovial Sarcoma: SYT-SSX-1, -2, -4
t(X;18) (p11;q11) translocation analysis
Synovial sarcoma (SS) is a relatively rare sarcoma, which may be confused with several
other mesenchymal and non-mesenchymal lesions. Classically, SS occur in the extremities of young adults, often in close association with large joints (knee, hip). Rarely, it may
be found in older patients or in unexpected locations, such as the head and neck regions
(including face, tonsil, pharynx, larynx), esophagus, mediastinum, heart, pleura, lung, chest
and abdominal walls, mesentery, retroperitoneum, nerve, or even prostate, leading to severe diagnostic difficulties.

Indication
The histological diagnosis of SS can be difficult on
morphology only. The molecular detection of the
t(X;18) (SYT;SSX) appears to be specific and can be
of great help in establishing the correct diagnosis.
In addition this genetic alteration has some relevance regarding prognosis.

Test Material
Formalin-fixed paraffin-embedded tissue containing sufficient tumour tissue.

Typical problems
› Requires special workflow in molecular pathology
› RNA-degradation due to poor fixation

Test Procedure
The sarcoma array kit (Chipron) is a RNA/cDNA
based detection system (RT-PCR) of fusion transcripts of sarcomas; more details see “Ewing Sarcoma” (p. 19).

Duration
5–7 working days after arrival in the institute.
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Detection of Adenovirus
Human pathogenic adenovirus belongs to non-encoded double-stranded, linear DNA-virus (dsDNA) and are extremely stable against chemical and physical exposure.
Adenovirus infections most commonly cause illness of the respiratory system; however,
depending on the serotype, they may also cause various other illnesses and presentations,
e.g. gastroenteritis, conjunctivitis, cystitis, keratoconjunctivitis etc.

Indication
In immune compromised patients, e.g. AIDS,
post-transplantation, chemotherapy etc., with diverse clinical symptoms differential diagnosis should
always consider an adenovirus infection.
By molecular pathology the virus can be detected
in biopsies from lung (transbronchial biopsies)
and the gastrointestinal tract including liver and
other organs.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluid.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
AdV can be detected by PCR-based techniques.

Duration
Approx. 4–5 working days.
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Detection of Cytomegalovirus
Cytomegalovirus (CMV) is a common virus that can infect almost anyone. In most people
the infection become asymptomatic. However, during pregnancy or immunodeficiency a
CMV infection can be life-threatening.
The species of cytomegalovirus that infects humans is commonly known as human CMV
(HCMV) or human herpesvirus-5 (HHV-5. Within herpesviridae, CMV belongs to the betaherpesvirinae subfamily, which also includes the genera muromegalovirus and roseolovirus (HHV-6 and HHV-7). It is related to other herpes viruses within the subfamilies of alphaherpesvirinae that includes herpes simplex viruses (HSV)-1 and -2 and varicella-zoster virus
(VZV), and the gammaherpesvirinae subfamily that includes Epstein–Barr virus (see below).

Indication
In immune compromised patients, e.g. AIDS,
post-transplantation, chemotherapy etc., with diverse clinical symptoms differential diagnosis should
always consider a HCMV infection.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
CMV can be detected by PCR-based techniques followed by hybridization or sequencing in order to
guarantee specificity

Duration
About 5 working days.
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Detection of Enterovirus
Enteroviruses are a genus of positive-sense single-stranded RNA viruses associated with
several human and mammalian diseases. Serologic studies have distinguished 71 human
enterovirus serotypes on the basis of antibody neutralization tests. On the basis of their
pathogenesis in humans (and animals), the enteroviruses were originally classified into
four groups, polioviruses, Coxsackie A viruses (CA), Coxsackie B viruses (CB), and echoviruses, but it was realized that there were significant overlaps in the biological properties
of viruses in the different groups.

Indication
Tissue based analyses of enteroviruses can be
helpful in getting a reliable diagnosis e.g. regarding myocarditis, encephalitis, myelitis, meningitis,
hepatitis A and respiratory illness especially in infants and young children.

Test Material
Formalin-fixed paraffin-em-bedded tissue, cell-containing body fluids, e.g. respiratory secretions, liquor fluid.
Test Procedure
EV can be detected by Reverse transcriptase PCRbased techniques and PCR-ELISA

Typical problems
› Degradation of RNA due to inappropriate formalin fixation.
Duration
About 2–5 working days.

Enteroviruses affect millions of people worldwide each year, and are often found in the respiratory secretions (e.g., saliva, sputum, or nasal mucus) and stool of an infected person.
Historically, poliomyelitis was the most significant disease caused by an enterovirus, poliovirus. There are 64 non-polio enteroviruses that can cause disease in humans. Infection
can result in a wide variety of symptoms ranging from mild respiratory illness (common
cold), hand, foot and mouth disease, acute hemorrhagic conjunctivitis, aseptic meningitis,
myocarditis, severe neonatal sepsis-like disease, and acute flaccid paralysis.
Enterovirus 71 (EV71) infections continue to remain an important public health problem
around the world, especially in the Asia-Pacific region. There is a significant mortality rate
following such infections, and there is no proven therapy or vaccine.
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Detection of Epstein-Barr virus
The Epstein-Barr virus (EBV) was first discovered in 1964 when M. Epstein and Y. Barr found
it in a Burkitt lymphoma cell line. Infection with EBV is common and usually occurs mostly
asymptomatic in childhood or early adulthood. EBV is the cause of infectious mononucleosis, an illness associated with fever, sore throat, swollen lymph nodes in the neck, and
sometimes an enlarged spleen. It is also known as human herpes virus 4.
EBV is a contagious virus that is transmitted from person to person and occurs throughout the world. The cause of infection is generally close person-to-person contact through
bodily fluids or can be spread by blood transfusions or transplants.

Indication
In unclear cases of lympho-proliferations it is crucial to detect EBV in order to get a correct diagnosis, e.g. of mononucleosis, of B-cell NHL, including
Burkitt lymphoma, and lymphoproliferation associated with immuno-deficiency situations, T-cell/natural killer cell lymphomas of nasal type and lymphoepithelial carcinomas.
Also, in immune compromised patients e.g. AIDS,
post-transplantation especially in suspected
post-transplant lymphoproliferative disorder (PTLD)
and in symptomatic patients after chemotherapy
differential diagnosis should always consider an
EBV-infection.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluid.
Test Procedure
EBV-DNA can be detected by PCR-based techniques
(PCR-ELISA). In situ hybridization for detection of
EBER-transcripts allows detection of all latently
infected cells.

Typical problems
› Degradation of DNA or RNA due to inappropriate
formalin fixation
› Insufficient tissue integrity affecting RNA-ISH.
Duration
About 2–7 working days.

EBV plays a role in the development of some malignant tumours, including several lymphoma entities, i.e. posttransplantation lymphoproliferative disorders lymphomas and lymphoproliferations occurring in the setting of acquired or inborn immune deficiency situations, in NK-T cell lymphomas and nasopharyngeal lymphoepithelial carcinoma.
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Detection of Hepatitis B virus
Hepatitis B virus (HBV) is an infectious disease caused by the hepatitis B virus (HBV) a hepatotrophic DNA virus, which affects liver cells. It can cause both acute and chronic infections. Many
people have no symptoms during the initial infection. Some develop a rapid onset of sickness
with vomiting, yellowish skin, feeling tired, dark urine and abdominal pain. Often these symptoms last a few weeks and rarely does the initial infection result in death. It may take 30 to 180
days for symptoms to begin. In those who get infected around the time of birth 90% develop
chronic hepatitis B while less than 10% of those infected after the age of five do so. Most of
those with chronic disease have no symptoms; however, cirrhosis and liver cancer may eventually develop. These complications result in the death of 15 to 25% of those with chronic disease.

Indication
In suspected liver disease there are many clinically relevant questions which can only be solved
by tissue based analyses of the HBV, e.g. definitive
diagnosis of chronic hepatitis B, HBV carrier status, in transplantation medicine to discriminate
between reinfection from rejection, pathogenesis of liver cirrhosis.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluid.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
HBV can be detected by PCR-based techniques
(PCR-ELISA, Roche).

Duration
About 5 working days.

To monitor the clinical course of hepatitis B and the degree of HBV induced alterations of
liver tissue clinicians and pathologists have to cooperate closely. They together have the
challenging duty in managing patients with acute and chronic disease. In some cases serial biopsies are necessary.

signals/cell

signals/cell

signals/cell

and < 6.0
signals/cell

signals/cell

ISH
positive

ISH
positive

ISH
positive

ISH
equivocal

ISH
negative

45

Must order a reflex test (same specimen using IHC),
test with alternative chromosome 17 probe,
or order a new test (new specimen if available, ISH or IHC)
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Fig. 15: Structure of the hepatitis B virus.
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Detection of Hepatitis C virus
Hepatitis C virus (HCV) is a small (55–65 nm in size), enveloped, positive-sense single-stranded
RNA virus of the family Flaviviridae. Hepatitis C virus is the cause of hepatitis C and some
cancer, such as lymphomas in humans.
Hepatits C is an infectious disease affecting primarily the liver, caused by the hepatitis C virus (HCV). The infection is often asymptomatic, but chronic infection can lead to scarring of
the liver and ultimately to cirrhosis, which is generally apparent after many years. In some
cases, those with cirrhosis will go on to develop liver failure, liver cancer, or life-threatening esophageal and gastric varices.

Indication
If liver infection is suspected there are many clinically relevant questions which can only be solved
by tissue based detection of the HBC, e.g. definitive
diagnosis of chronic hepatitis C, in transplantation
medicine to discriminate between reinfection from
rejection, pathogenesis of liver cirrhosis. By PCR
based molecular pathology today it is possible to
reliably diagnosis HCV in tissue even if no serum
markers are indicative due to immunosuppression.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluid.

Typical problems
› Degradation of RNA due to inappropriate formalin fixation.

Test Procedure
HCV can be detected by reverse transcriptase PCRbased techniques and PCR-ELISA (Chipron).

Duration
About 5 working days.

The virus persists in the liver in about 85% of those infected. This chronic infection can be
treated with medication: the standard therapy is a combination of peginterferon and ribavirin, with either boceprevir or telaprevir added in some cases. Overall, 50–80% of people
treated are cured. Those who develop cirrhosis or liver cancer may require a liver transplant. Hepatitis C is the leading reason for liver transplantation, though the virus usually
recurs after transplantation. No vaccine against hepatitis C is available. About 343,000
deaths due to liver cancer from hepatitis C occurred in 2013, up from 198,000 in 1990. An
additional 358,000 in 2013 occurred due to cirrhosis.
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Detection of Human herpes simplex virus
Human herpes simplex virus (HSV-1 and -2), also known as human herpes virus 1 and 2 (HHV-1
and HHV-2), are two members of the herpes virus family, Herpes viridae, that infect humans.
Both HSV-1 (which produces most cold sores) and HSV-2 (which produces most genital herpes) are ubiquitous and contagious. They can be spread when an infected person is producing and shedding the virus. Herpes simplex can be spread through contact with saliva.
Symptoms of herpes simplex virus infection include watery blisters in the skin or mucous
membranes of the mouth, lips or genitals. Lesions heal with a scab characteristic of herpetic disease. Sometimes, the viruses cause very mild or atypical symptoms during outbreaks. However, as neurotropic and neuro-invasive viruses, HSV-1 and -2 persist in the

Indication
In case of immunocompromised patients HSV infection can be the cause of a generalized infection
including skin with bullous lesions, lungs nerves
and other organs.
In histologic or cytologic specimen with cellular cytopathic changes suspect of viral infection clarification by molecular assays can be helpful in getting a reliable diagnosis.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
HSV 1 and 2 can be detected by PCR-based techniques (PCR-ELISA, Roche).

Duration
About 5 working days.

body by becoming latent and hiding from the immune system in the cell bodies of neurons.
After the initial or primary infection, some infected people experience sporadic episodes of
viral reactivation or outbreaks. In an outbreak, the virus in a nerve cell becomes active and
is transported via the neuron’s axon to the skin, where virus replication and shedding occur
and causes new sores. It is one of the most common sexually transmitted infections.

49

Detection of Human Herpesvirus 6
Human Herpesvirus 6 (HHV-6) is the common collective name for Human herpesvirus 6A
(HHV-6A) and Human herpesvirus 6B (HHV-6B). These closely related viruses are two of the
nine herpes viruses known to have humans as their primary host. HHV-6A and HHV-6B are
double stranded DNA viruses within the betaherpesvirinae subfamily and of the genus Roseolovirus. HHV-6A and HHV-6B infect almost all of the human populations that have been tested.
HHV-6A has been described as more neuro-virulent and as such is more frequently found
in patients with neuro-inflammatory diseases such as multiple sclerosis.
HHV-6B primary infection is the cause of the common childhood illness exanthema subitum (also known as roseola infantum or sixth disease). Additionally, HHV-6B reactivation

Indication
Although diagnosis of exathema subitum in children is mainly a clinical diagnosis, testing may be
indicated in case of immunocompromised patients
with severe symptoms. HHV6 infection can be the
cause of a generalized infection including lungs,
CNS, nerves and other organs. As histologic features of HHV-6 infection are mainly non-specific,
and typical symptoms that point to this infection,
such as rashes, go unnoticed in patients that receive antibiotics because they can be misinterpreted as a side-effect of the medicine, clarification by molecular assays can be helpful in getting
a clear diagnosis followed by an adequate therapy.

Test Material
Formalin-fixed paraffin-embedded tissue, cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
HHV6-A and HHV6-B can be detected by PCR-based
techniques (PCR-ELISA, Roche).

Duration
About 5 working days.

is common in transplant recipients, which can cause several clinical manifestations such
as encephalitis, bone marrow suppression, and pneumonitis.
In thyroid pathology Hashimoto’s thyroiditis is characterized by abundant lymphocyte infiltrate and thyroid impairment. Recent research suggests a potential role for HHV-6 (possibly variant A) in the development or triggering of Hashimoto’s thyroiditis (Caselli et al.
PLoSPathog. 2012)
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Detection of Human Herpesvirus 8
Kaposi’s sarcoma-associated herpesvirus (KSHV) is the eighth human herpesvirus; its formal
name according to the International Committee on Taxonomy of Viruses (ICTV) is HHV-8. Its
informal name (KSHV) is used interchangeably with its ICTV name. The gamma herpesvirus
is closely related to Epstein-Barr virus and has a tropism for endothelial cells and B-lymphocytes but can infect other cells and encodes some proteins that can result in latent infection.
HHV-8 is one of seven currently known human cancer viruses, or oncoviruses. It causes
Kaposi’s sarcoma, a low grade vascular neoplasm commonly occurring in AIDS patients
or other immunodeficiency, as well as primary lymphomas (e.g. a subset of primary effusion lymphomas) and some types of multi-centric Castleman’s disease.

Indication
There do exist several challenges in diagnostic histopathology to reliably prove or disprove HHV8 in
tissue. The proof of HHV-8 in tissue specimen is important in diagnosing Kaposi’s sarcoma and the
sine-qua-non in diagnosing primary effusion lymphoma. Diagnosis of Castleman’s disease is greatly
facilitated by detection of HHV-8. Clarification by
PCR based molecular pathology can be substantially helpful in getting a correct diagnosis.

Test Material
Formalin-fixed and paraffin-embedded tissue, cellcon-taining body fluid.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
HHV8 can be detected by PCR-based techniques
(PCR-ELISA, Roche).

Duration
About 5 working days.
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Detection and typing of Human
papillomavirus in various tissues
HPV is a DNA virus from the papillomavirus (PV) family that is capable of infecting humans.
HPVs establish productive infections only in keratinocytes of the skin or mucous membranes.
Most HPV infections are subclinical; however, in some people infections will become clinical
and may cause benign papillomas (such as warts [verrucae] or squamous cell papilloma), premalignant lesions that may drive to cancers of the cervix, vulva, vagina, penis, oropharynx and
anus. In particular, HPV16 and HPV18 are known to cause around 70% of cervical cancer cases.
More than 40 types of HPV are typically transmitted through sexual contact and infect the anogenital region. HPV types 6 and 11 are the etiological cause of warts and papillomas. Persistent
infection with “high-risk” HPV typesmay progress to pre-cancerous lesions and invasive cancer.

Indication
Risk assessment of squamous epithelial mucosal
dysplasia associated with HPV infection (cervix, vagina, vulva, anus, mouth, throat, laryngeal area and
other) is a crucial basis to a sufficient treatment.
Clarification of HPV and in particular the subtypes
by PCR based molecular pathology of tissue, especially in tissue with ambiguous pathological findings, can be substantially helpful in getting a correct diagnosis and opens the possibility of reliable
prognostication.
Currently HPV testing is also (controversially) discussed as a screening tool – in addition to Pap smear
– for risk assessment in women for cervical lesions.
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Test Material
Formalin-fixed paraffin-embedded tissue, cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
Amplification of HPV type-specific sequences or consensus regions by PCR; in the latter subsequent typing by hybridization methods or Sanger-Sequencing.

Duration
About 4 working days with the use of hybridization methods.
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Fig. 18: HPV-Genome: The type-specific HPV
sequences include the early genes (E1–E7), the
consensus of the late genes (L1 and L2).
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Detection of Parvovirus B19
Primate erythroparvovirus 1, generally referred to as B19 virus, parvovirus B19 or sometimes erythrovirus B19, is a single-stranded DNA virus and was the first (and until 2005
the only) known human pathogen virus in the family Parvoviridae, genus Erythroparvovirus; it measures only 23–26 nm in diameter. It was discovered 1975 by the Australian virologist Cossart while screening normal blood bank donors’ sera for the hepatitis antigen.
The name of the virus is derived from Latin, parvum meaning small, reflecting the fact that
B19 ranks among the smallest DNA viruses. Recently other human pathogen viruses of the
family Parvoviridae could be identified.

Indication
If B19–associated myocarditis is clinically suspected
an endomyocardial biopsy should be taken to detect or exclude a parvovirus B19 infection. This is
in particular relevant in paediatric human pathology but may become relevant also in transplantation pathology.
This may also become crucial in case of unclear
autopsy results, in particular in fetal autopsies.

Test Material
Formalin-fixed paraffin-embedded tissue, cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
B19 can be detected by PCR-based techniques
(PCR-ELISA, Roche).

Duration
About 5 working days.

B19 virus is most known for causing disease in the pediatric population; however, it can also
affect adults. Most B19 infections are subclinical, yet, in great age a more severe course of
disease is to be expected.
The close association of parvovirus and a transient aplastic crisis was first documented in
patients with sickle cell disease. A transient aplastic crisis can also occur in patients with
chronic haemolytic diseases and chronic anaemia. Later, in hematologically normal persons, the human parvovirus B19 was shown to be the etiologic agent of erythema infectiosum, originally named “Fifth disease” because it was the fifth of six classic exanthematous diseases of childhood or also called the “slapped cheek syndrome”.
Parvovirus B19 has also been associated with multiple other conditions like myo-carditis,
vasculitis and glomerulonephritis.

Polyomaviridae (PMV) is a family of DNA-based viruses for which mammals and birds serve
as natural hosts. PMV infection is highly common in childhood and young adults, causing
little or no symptoms and showing lifelong persistence as latent infections in the vast majority of adults. Clinically apparent disease caused by PMV infection is almost always seen
in individuals with an ineffective immune system due to AIDS, old age or transplantation.
Whereas JCV isregable
to infect the respiratory tract, kidneys or brain and in the latter case
ion
l
tro
n
o progressive multifocal leukoencephalopathy,
may result Cin
BK virus produces a mild resVi
r
CR
L
E8 kidneys of immunosuppressed transplant patients, causpiratory infection and affects the
E7
ing PMV nephropathy.
ns
ge
og
on

8000/A

7000
poly-A (late)

1000

E6

Replication

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.
Duration
About 4 working days.

ot

ns

pr

cr i

d

p ti

i
Cos

on

Indication
Test Material
6000
2000 Formalin-fixed
L1 suspicion
E1 paraffin-embedded tissue, cell-conHPVmultifocal
To clarify the
of progressive
leuko-encephalopathy (JC virus), nephropathy
taining body fluids, urine.
(BK virus), and Merkel cell cancer (MCV) in tissue,
3000
Test Procedure
the molecular detection of5000
BKV, JCV and MCV
can
poly-Ato(early)
PV can be detected by PCR-based techniques (PCRbe helpful or sometimes necessary
get a defi4000
ELISA; Roche).
nite diagnosis.
E4be
In transplant patients detecting the virus can
E2
necessary toinsguide
L2therapy, especially when modn
io
at
ulation of the immunosuppressive medication is
lic
p
Re
E5
considered.
E4
e

tra

mic DNA

Detection of Polyomavirus

al

n

53

Growth stimulation

Furthermore members of the PMV family are potentially oncogenic. In 2008 the Merkel cell
PMV was described and shown to cause Merkel cell cancer.

Fig. 19: The complex structure of a polyoma virus.
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Detection of Varicella zoster virus
Varicella zoster virus (VZV) or human herpesvirus type 3 (HHV-3) is a member of a large
family of DNA-based viruses called herpesviridae. It is one of eight herpesviruses known to
cause lytic and latent infections in humans and vertebrates. VZV only affects humans via
airborne transmission, being highly contagious. Primary infection usually occurs in childhood or adolescence resulting in chickenpox which may be complicated by the development of encephalitis, pneumonia or bronchitis. Primary infection during pregnancy may
cause the so called congenital varicella syndrome, maternal VZV-pneumonia and neonatal varicella infection, which are associated with serious feto-maternal morbidity. Due to its
ability to lie dormant within infected neural structures like nerves, trigeminal ganglia, dorsal

Indication
If the diagnosis is in doubt due to an uncharacteristic clinical presentation, if the affected patient is
immunocompromised or, VZV-encephalitis, -myelitis or -pneumonia is suspected, a molecular analysis may be indicated.
Clarification by PCR based molecular pathology
can be substantially helpful in getting a correct
diagnosis.
VZV infections resistant to anti-viral therapy may
be due to particular mutations, which can be detected (only) by PCR.

Test Material
Formalin-fixed paraffin-embedded tissue, cell-containing body fluids. Lumbar puncture may be helpful if signs suggest myelitis or encephalitis.
Test Procedure
VZV can be detected by PCR-based techniques
(PCR-ELISA).
In cases of zoster sine herpete, DNA analysis via PCR
can be the only technique to clarify the question.
In cases of acyclovir-resistant VZV, detections of
mutations in thymidine kinase can be determined
by PCR and sequence analysis.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.
Duration
About 5 working days.

root ganglia and autonomic ganglia the virus persists latently after the primary infection
has resolved. Reactivation of VZV in later life may result in herpes zoster (shingles) which
can be complicated by a number of neurologic conditions like post-herpetic neuralgia.

PCR based detection of
Microorganisms

Bacteria
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Detection of Bartonella
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Bartonella henselae (B. henselae) is a member of the class of the Bartonella genus, one Aof
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B. henselae, formerly Rochalimæa, is a proteobacterium that can cause bacteremia,
carditis, bacillary angiomatosis, and peliosis hepatis. It is also the causative agent of catscratch disease (bartonellosis) which, as the name suggests, occurs after a cat bite or scratch.
I
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The disease is characterized by lymphadenopathy (swelling of the lymph nodes) and fever.
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Peliosis hepatis caused by B. henselae can occur alone or develop with cutaneous bacillary angiomatosis or bacteremia.

Indication
Histological evaluation of unclear lymphadenopathy suspicious to malignant lymphoma, reactive
lym-phadenitis or cat scratch disease may be difficult. Tissue-based molecular test can solve the
problem.
To prove the cause of bacillary angiomatosis, peliosis hepatis, endocarditis, bacteremia with fever, and neuroretinitis a PCR based analysis often
is necessary. This holds true in particular for AIDS
patients or other immunocompromised situations.

Test Material
Formalin-fixed paraffin-embedded tissue, cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
Staining: Warthin-Starry or a similar silver stain.
Bartonella can be detected by PCR-based techniques (PCR-ELISA, Roche).

Duration
About 4 working days.

Patients with peliosis hepatis present with gastrointestinal symptoms, fever, chills, and an
enlarged liver and spleen containing blood-filled cavities. This systemic disease is mostly
seen in patients infected with HIV and other immunocompromised individuals.

Fig. 20: B. henselae attached to heart valve tissue.
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Detection of Borrelia
burgdorferi – Lyme disease
Borrelia burgdorferi (B. b.) is a bacterial species of the spirochete class of the genus Borrelia. B. burgdorferi exists in North America and Europe and is the predominant causative
agent of Lyme disease. Borrelia species are considered diderm (double-membrane) bacteria rather than Gram positive or negative.
Lyme disease, caused by B. burgdorferi from tick bites consist of three stages starting from
initial bite. Stage 1 affects the area around the bite, possibly with a rash or swelling. Stage 2
occurs weeks to months later; if untreated, the bacteria spread through the body affect
the heart, bones, and nervous system. Stage 3 occurs years after and chronic arthritis and
neurological complications develop.

Indication
Tissue based detection of B.b. is crucial in the differential diagnosis of several clinically unclear situations with lymphadenitis, several organs alterations (heart, joints, nerves, muscles), and can end-up
in severe myocarditis.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
B. burgdorferi, B. afzelii and B. garinii can be detected by PCR-based techniques (PCR-ELISA, Roche).

Duration
About 2–7 working days.

B. burgdorferi infections have been found in possible association with primary cutaneous
B-cell lymphomas (PCBCLs). However, as in case of Chlamydophila psittaci association
with ocular adnexal mucosa-associated lymphoid tissue (MALT) lymphoma, this hypothesis could not be substantiated.

Fig. 21: Schematic representation of a spirochete.
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Detection of Chlamydia trachomatis
Chlamydia trachomatis (CT), an obligate intracellular human pathogen, is one of four bacterial species in the genus Chlamydia. C. trachomatis is an ovoid-shaped gram-negative
bacterium. The inclusion bodies of Chlamydia trachomatis were first described in 1942.
C. trachomatis includes three human biovars:
› serovars Ab, B, Ba, or C – cause trachoma: infection of the eyes, which can lead to blindness
› serovars D-K – cause urethritis, pelvic inflammatory disease, ectopic pregnancy, neonatal pneumonia, neonatal conjunctivitis and paratrachoma
› serovars L1, L2 and L3 – lymphogranuloma venereum (LGV).

Indication
C. trachomatis effects in particular the genital tract
and can cause severe subjective discomfort and
objective organ-based diseases, such as vaginitis,
salpingitis, cervicitis etc., which may result in functional disorders, e.g. infertility.
To causally treat the bacterium a comprehensive diagnosis is necessary, which is most precisely done
by PCR-based techniques.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
Chlamydia trachomatis can be detected by PCRbased techniques (PCR-ELISA, Roche).

Duration
About 2–7 working days.

In men CT may cause a burning sensation when urinating. For women, odor and itching
are possible symptoms. Both sexes may notice more sebum production as the infection
escalates, all which produces greasy sweat, more oily complexion, and can be misdiagnosed as acne eruptions. All people who have engaged in sexual activity with potentially
infected individuals may be offered one of several tests to diagnose the condition.
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Detection of Helicobacter pylori
Helicobacter pylori (Hp), previously Campylobacter pylori, is a Gram-negative, microaerophilic bacterium found in the stomach, and may be present in other parts of the body,
such as the eye. It was identified in 1982 by Australian scientists Barry Marshall and Robin
Warren with further research led by British scientist Stewart Goodwin, who found that it
was present in a person with chronic gastritis and gastric ulcers, conditions not previously
believed to have a microbial cause. It is also linked to the development of duodenal ulcers,
lymphomas and stomach cancer. However, over 80% of individuals infected with the bacterium are asymptomatic and it may play an important role in the natural stomach ecology.
More than 50% of the world’s population harbor H. pylori in their upper gastrointestinal tract.

Indication
In some cases, e.g. chronic gastritis, unclear gastric ulcer, suspicious for MALT lymphoma, etc., it is
necessary to detect Hp in gastric biopsies. Sometimes the morphological detection is not reliable,
then a molecular test can be extremely helpful to
provide the basis of treatment.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.
Test Procedure
Helicobacter pylori can be detected by PCR-based
techniques (PCR-ELISA).

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.
› Poor morphological integrity for IHC based HP-detection.
Duration
About 2–7 working days.

Infection is more prevalent in developing countries, and incidence is decreasing in Western countries. H. pylori’s helical shape (from which the genus name is derived) is thought
to have evolved to penetrate the mucous lining of the stomach.
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Detection of Listeria monocytogenes
Listeria monocytogenes (L. m.) is a Gram-positive bacterium, in the division Firmicutes,
named after Joseph Lister. At 30° C and below it is motile via flagella. It can move within
eukaryotic cells by explosive polymerization of actin filaments.
L. m. is the bacterium that causes the infection listeriosis. It is a facultative anaerobic bacterium, capable of surviving in the presence or absence of oxygen. It can grow and reproduce inside the host’s cells and is one of the most virulent foodborne pathogens, with
20 to 30% of clinical infections resulting in death. Listeriosis is the third-leading cause of
death among foodborne bacterial pathogens, with fatality rates exceeding even Salmonella and Clostridium botulinum.

Indication
If patients present with fever and other non-specific signs (headache, stiff neck, confusion, loss of
balance, and convulsions) a L. monocytogenes infection could be the cause.
This is of major importance for pregnant women
since it is the third-most-common cause of meningitis in new-born.
Immunocompromised persons may suffer from septicemia and meningitis due to L. monocytogenes
infection.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
Listeria monocytogenes can be detected by PCRbased techniques (PCR-ELISA, Roche).

Duration
About 2–7 working days.

The disease primarily affects older adults, pregnant women, newborns, and adults with
weakened immune systems as well as the fetus of second and third by diaplacental infection. However, rarely, persons without these risk factors can also be affected, e.g. veterinarians. A person with listeriosis usually has fever and muscle aches, sometimes preceded by
diarrhea or other gastrointestinal symptoms.
Pregnant women typically experience fever and other non-specific symptoms, such as fatigue and aches. Infections during pregnancy can lead to miscarriage, stillbirth, premature
delivery, or life-threatening infection of the newborn, i.e. meningo-encephalitis.

Fig. 23: Flagellated Listeria monocytogenes bacterium.
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Detection of Mycobacteria consensus
or non-tuberculous mycobacteria
Non-tuberculous mycobacteria (NTM), also known as environmental mycobacteria, atypical
mycobacteria and mycobacteria other than tuberculosis (MOTT), are mycobacteria which
do not cause tuberculosis or Hansen’s disease (also known as leprosy).
Nontuberculous mycobacteria (NTM) are all the other mycobacteria which can cause pulmonary disease resembling tuberculosis, lymphadenitis, skin disease, or disseminated disease.

Indication
To distinguish NTM or MOTT from infection by mycobacterium tuberculosis is essential for a correct
therapy, which differ from classical Tbc treatment.
This should be done in tissues with granulomatous
inflammation of unknown origin and negative histochemically detection of acid-resistant rods by
PAS-staining, Ziehl-Neelsen- or Auramin-staining.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.
Test Procedure
MOTT and NTM can be detected by PCR-based
techniques and further differentiated by hybridization (Chipron) methods.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.
› False positivity resulting from non-sterile samples (MOTT are widespread organisms which can
also grow in buffers, machines and instruments).
Duration
About 5 working days.
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Detection of mycobacterium
tuberculosis complex
World-wide tuberculosis (Tbc | M. tuberculosis, atypical mycobacterium) is becoming an increasingly relevant problem, which may accelerate even more in the future. This is at least
partly caused by elevated global migration of the people. In many cases tissue-based diagnostic is difficult since the morphological features can be inconsistent.
PCR-based molecular assays are extremely helpful as well as extraordinarily precise and
fast to diagnose TB in any kind of tissue specimen.

Indication
Suspected mycobacterium infection in tissues
with granulomatous inflammation of unknown
origin and negative histochemically detection of
acid-resistant rods by PAS-staining, Ziehl-Neelseor Auramin-staining.
This can be extremely relevant to provide the basis for an adequate anti-mycobacterial therapy.
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Test Material
Formalin-fixed paraffin-em-bedded tissue of biopsy material, tumour block of resection or 6–8
unstained slides; smear preparations.
Test Procedure
M. tuberculosis complex can be detected by PCRbased techniques (PCR-ELISA) and further differentiated by hybridization methods (Chipron).
Sanger: Hybridization of a marked oligodesoxy-nucleotid-primer in three steps: Denaturation, annealing, extension. Evaluation after 20 cycles.

4
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Typical problems
› Small amount of starting material due to low number of organisms in tissue
› Detection alone is not an absolute proof for the
presence of tuberculosis
› Degradation of DNA due to inappropriate formalin fixation.
Duration
About 2–7 working days.

3

Fig. 24: Result of mycobacterium by PCR
analysis by hybridization using chip technology
A: Detection of M. tuberculosis
B: Detection of M. intracellular
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A
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4
Cave: Infection, disease or death of tuberculosis
as well as documented evidence of M. tuberculosis, africanum and bovis or M. leprae is subject
to registration in Germany.
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Detection of Pseudomonas aeruginosa
Most prevalent in moist environments, Pseudomonas aeruginosa (PA) is a Gram-negative
bacterium, rod-shaped, strict aerobe, and is often found in soil and waterborne organisms.
It is a very opportunistic pathogen that can induce infections that often result in hospitalization and may be life-threatening. This microbe exhibits innate resistance to many antibiotics and can adapt when exposed to antimicrobial agents and develop new resistance.
This allows PA to thrive and further grow even when treatment is being attempted.
The symptoms of such infections are generalized inflammation and sepsis. If such colonizations occur in critical body organs, such as the lungs, the urinary tract, and kidneys, the
results can be fatal. Because it thrives on moist surfaces, this bacterium is also found on

Indication
In case of antibiotic or multi-drug resistant pneumonia (often nosocomial) and suspicion of P. aeruginosa rapid detection of P. aeruginosa may be live
saving. Modern PCR-based assays can be of help.
Infections can also affect the heart (sceptical myocardiopathy), epididimo, kidney, peritoneum and
many other organs.

Test Material
Formalin-fixed paraffin-embed-ded tissue of biopsy material, tumour block of resection or 6-8
unstained slides; smear preparations.
Test Procedure
Pseudomonas aeruginosa can be detected by PCRbased techniques (PCR-ELISA, Roche)

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.
Duration
About 5 working days.

and in medical equipment, including catheters, causing cross-infections in hospitals and
clinics. It is implicated in hot-tub rash. It is also able to decompose hydrocarbons and has
been used to break down tarballs and oil from oil spills.
Previous studies proved the importance of rapid antibacterial intervention in case of Pseudomonas aeruginosa detection in respiratory samples of cystic fibrosis patients.
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Detection of Stenotrophomonas
maltophilia
This bacterium is an aerobic, gram-negative bacterium. Initially classified as Pseudomonas
maltophilia, it was reclassified as S. maltophilia (S. m.) in 1993. It is ubiquitous in aqueous
environments, soil, and plants. It may colonize breathing tubes and catheters, which alone
is not a proof of infection.
In immunocompetent individuals, S. m. is a relatively unusual cause of pneumonia, urinary
tract infection, or blood stream infection. In immunocompromised patients, however, S. m. may
cause pulmonary infections, colonization rates in individuals with cystic fibrosis are increasing.
Human infections with S. m. are difficult to treat, especially if a colonized medical device
cannot be removed. S. m. is usually resistant against numerous antibiotics.

Indication
Suspected S. m. infection of immunocompromised
adults (transplantation, chemotherapy, HIV, predisposing lung disease, after stem cell transplantation).
Suspected S. m. colonization of medical devices.
Rapid identification can initiate specific medication, removal of infected medical devices can prevent further spread.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
S. maltophilia can be detected by PCR-based techniques (PCR-ELISA).

Duration
About 5 working days.
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Detection of Treponema pallidum
Treponema pallidum (T. pallidum) is a spirochaete bacterium with subspecies that cause
treponemal diseases such as syphilis, bejel, pinta, and yaws. The treponemes have a cytoplasmic and an outer membrane. Using light microscopy, treponemes are only visible using dark field illumination. They are Gram negative, but some regard them too thin to be
Gram stained.
It is generally acquired by close sexual contact, entering the host via breaches in squamous or columnar epithelium. The organism can also be transmitted to a fetus by transplacental passage during the later stages of pregnancy, giving rise to congenital syphilis. The
helical structure of T. pallidum allows it to move in a corkscrew motion through a viscous

Indication
In differential diagnosis of histological slides with
chronic lymphadenitis T. pallidum is an increasingly often diagnosed infection. It is of utmost importance for the patient and his environment to
clearly detect the microorganism e.g. to prove or
exclude syphilis.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
Treponema pallidum can be detected by PCR-based
techniques (PCR-ELISA, Roche).

Duration
About 5 working days.

medium such as mucus. It gains access to the host’s blood and lymph systems through
tissue and mucous membranes.The other supspecies are transmitted non-veneric, i.e. by
smear infection or direct contact with the skin.

ion

Fig. 25: Treponema pallidum.
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Detection of Tropheryma whipplei
Tropheryma whipplei (T. whipplei) is a bacterium and the causative organism of Whipple’s
disease, first described by George Hoyt Whipple in 1907. T. whippelei is ubiquitous present
in the envirement nevertheless Whipples disease is very rare. This might be due to immunogenologic factors. Whipple disease is commonly considered a gastrointestinal disorder
but its clinical features are actually non-specific and diagnosis can be a challenge. Therefore it should be kept in mind by doctors working in various districts. While T. whipplei is
categorized with the Gram-positive Actinobacteria, the organism is commonly found to be
Gram-negative or Gram-indeterminate when stained in the laboratory. Whipple himself probably observed the organisms as rod-shaped structures with silver stain in his original case.

Indication
Gastro-intestinal symptoms (diarrhea, abdominal
pain, weight loss, and joint pains, malabsorption)
often are the reason to take a mucosal biopsy. In
some cases histology cannot clarify the infiltrate
of the mucosa. Modern PCR-based diagnostic is
often helpful.
Furthermore Whipple disease has a broad spectrum of clinical presentations and in addition to
histological analysis, molecular tools are useful for
proofing of these difficult diagnosis.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
Tropheryma whipplei can be detected by PCRbased techniques (PCR-ELISA, Roche).

Duration
About 5 working days.

Whipple’s disease primarily causes malabsorption and arthralgia but may present with a
broad spectrum including uveitis, blood-culture negative endocarditis or neurologic symptoms. In addition to histological analyses, molecular tools help the clinician to prove these
difficult diagnoses.
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Detection of Yersinia pestis/enterocolitica
Yersinia is a genus of bacteria in the family Enterobacteriaceae. Yersinia species are
Gram-negative, rod-shaped bacteria, a few micrometers long and fractions of a micrometer in diameter, and are facultative intracellular anaerobes. Some members of Yersinia are
pathogenic in humans; they cause on the one hand a mainly enterocolic disorder called
Yersiniosis and on the other hand Y. pestis is the causative agent of the plague. Rodents
are the natural reservoirs of Yersinia; less frequently, other mammals serve as the host. Infection may occur either through blood (for example flea bites in the case of Y. pestis) or
in an alimentary fashion, occasionally via consumption of food products (especially vegetables, milk-derived products, and meat) contaminated with infected urine or feces.

Indication
Unspecific gastro-intestinal symptoms (diarrhea,
(right-sided) abdominal pain, weight loss, and joint
pains, malabsorption) are often the reason to take
a mucosal biopsy. In some cases histology cannot
clarify the origin of the mucosal infiltrate. Modern
PCR-based diagnostic is often helpful to detect or
exclude yersiniosis. It has been shown that modern molecular can increase the detection of bacteria in children under 5 years of age with diarrhea.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids, stool.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
Yersinia enterocolitica can be detected by PCRbased techniques (PCR-ELISA, Roche).

Duration
About 2–7 working days.

Fortunately plague has become a very rate disease. Infection with Y. enterocolitica can
cause a variety of symptoms depending on the age of the person infected. Common symptoms in children are fever, abdominal pain, and diarrhea, which is often bloody. Symptoms
typically develop 4 to 7 days after exposure and may last 1 to 3 weeks or longer. In older
children and adults, right-sided abdominal pain and fever may be the predominant symptoms, and may be confused with appendicitis. In a small proportion of cases, acute complications such as skin rash, joint pains, ileitis, and sometimes septicemia, acute arthritis or
the spread of bacteria to the bloodstream (bacteremia) can occur. Late complications include Reiter disease, persistent ileitis and Erythema nodosum.
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Detection of Amoeba
(Entamoeba histolytica)
E. histolytica is an anaerobic parasitic protozoan, part of the genus Entamoeba. Predominantly infecting humans and other primates, E. histolytica is estimated to infect about
50 million people worldwide.
The active (trophozoite) stage exists only in the host and in fresh loose feces; cysts survive
outside the host in water, in soils, and on foods, especially under moist conditions on the
latter. The cysts are readily killed by heat and by freezing temperatures, and survive for
only a few months outside of the host. When cysts are swallowed they cause infections
by excysting (releasing the trophozoite stage) in the digestive tract. Its name (histo-lytic =
tissue destroying) suggests the pathogenic mechanism.

Indication
Severe intestinal symptoms (amoebic dysentery)
including liver abscesses or amoeboma or amoebiasis cutis may be due to E. histolytica. To clarify this
diagnostic question liver or skin biopsies might be
helpful and molecular pathology can precisely detect the bacterium in the tissue and allows to distinguish it from other (non-pathogenic) Entamoeba-species like E. dispar.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
Entamoeba histolytica can be detected by PCRbased techniques (PCR-ELISA).

Duration
About 5 working days.

Infection can be asymptomatic or can lead to amoebic dysentery or amoebic liver abscess.
Symptoms can include fulminating dysentery, bloody diarrhea, weight loss, fatigue, abdominal pain, and amoeboma (amoebic granuloma). The amoeba can actually ‘bore’ into
the intestinal wall, causing lesions and intestinal symptoms, and it may reach the blood
stream. From there, it can reach different vital organs of the human body, usually the liver,
but sometimes the lungs, brain, spleen, etc. A common outcome of this invasion of tissues
is a liver abscess, which can be fatal if untreated. Ingested red blood cells are sometimes
seen in the amoeba cell cytoplasm.
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Fungi
Pathogenic fungi are fungi that cause disease in humans or other organisms. The study
of pathogenic fungi is referred to as “medical mycology.” Although fungi are eukaryotic organisms, many pathogenic fungi are also microorganisms.
Invasive fungal infections represent an increasing problem in patients with inherited and
acquired immunodeficiencies caused e.g. by AIDS, chemotherapy, post-transplantation
state et cetera. Precise classification of the type of fungus, so called biotyping strains of
fungal species, provides the basis for adequate therapy and future prevention strategies.
The following strains can be detected in tissue specimens: Aspergillus, Candida, Mucor,
Rhizopus, Cryptococcus, Absidia, Sccedosporium.

Indication
In daily diagnostic histopathology of biopsies from
any mucosal site (oesophagus, mouth and throat,
lung, intestine, vagina etc.), skin and even bladder
one faces often the problem of precise identification and subtyping of a fungal inva-sion, primary
elucidated by conventional histo-staining.
Molecular based analyses can identify the common
subtypes of fungi present in tissue, providing the basis of type-specific anti-mycotic treatment. This can
be life-saving for immunocompromised patients.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.
Test Procedure
Fungi can be detected by PCR-based techniques
and further differentiated by hybridization methods (Chipron).

Typical problems
› Degradation of DNA due to inappropriate formalin fixation
› False positivity resulting in non-sterile samples
(Fungi are widespread organisms which can also
grow in buffers, machines and instruments).
Duration
About 2–7 working days.
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Leishmania
Leishmania is a genus of trypanosomatid protozoa and is the parasite responsible for the
disease leishmaniasis. It is spread through female sandflies of the genus Phlebotomus in
the Old World, and of the genus Lutzomyia in the New World. Their primary hosts are vertebrates; Leishmania commonly infects hyraxes, canids (domestic dogs), rodents, and humans. Leishmania species are unicellular eukaryotes having a well-defined nucleus and
other cell organelles including kinetoplasts and flagella. Depending on the stage of their
lifecycle, they exist in two structural variants, as shown below.
Cutaneous leishmaniasis (localised and diffuse) infections appear as obvious skin reactions.
The most common is the Oriental Sore (caused by Old World species L. major, L. tropica, and

Indication
Clinically cutaneous L. can appear in very different ways. A tissue based diagnosis using a skin biopsy can clarify the diagnosis and will be helpful
to treat the patient appropriately.
L. visceralis can affect the spleen, liver, intestine,
lymph nodes and bone marrow. It can be a deadly
disease. This is in particular relevant for immunosuppressed patients since the normal symptoms,
such as hepato-splenomegalie, lymph node enlargement, may not be seen.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids and aspirates of bone
marrow.
Test Procedure
Leishmania can be detected by PCR-based techniques (PCR-ELISA, Roche).

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.
Duration
About 2–7 working days.

L. aethiopica). In the New World, the most common culprits is L. mexicana. Cutaneous infections are most common in Afghanistan, Brazil, Iran, Peru, South-Western USA, Saudi Arabia
and Syria.
Mucocutaneous leishmaniasis infections start off as a reaction at the bite, and can go by
metastasis into the mucous membrane and become fatal. The infections are most common in Bolivia, Brazil and Peru. Mucocutaneous infections are also found in Karamay, China
Xinjiang Uygur Autonomous Region.
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Mycoplasma (consensus/pneumoniae)
M. pneumoniae is a very small bacterium in the class Mollicutes. It is a human pathogen
that causes mycoplasma pneumonia, a form of atypical bacterial pneumonia related to
cold agglutinin disease.
M. pneumoniae parasitizes the respiratory tract epithelium of humans. Adherence to the
respiratory epithelial cells is thought to occur via the attachment organelle (see below),
followed by evasion of host immune system by intracellular localization and adjustment
of the cell membrane composition to mimic the host cell membrane. The main cytotoxic
effect is local disruption of tissue and cell structure along the respiratory tract epithelium.

Indication
Unclear clinical symptoms indicative to antibiotic
resistant tracheobronchitis, bronchiolitis or atypical pneumonia may be due to M. pneumoniae infection. This can even be true for chronic asthma.
To clarify the underlying cause of chronic pneumonia associated symptoms it may be necessary to
prove or exclude M. pneumoniae infection.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.

Typical problems
› Degradation of DNA due to inappropriate formalin fixation.

Test Procedure
Mycoplasma can be detected by PCR-based techniques.

Duration
About 2–7 working days.

M. pneumoniae is known to evade host immune system detection, resist antibiotic treatment, and cross mucosal barriers, which may be due to its ability to fuse with host cells and
survive intracellularly. In addition to the close physical proximity with host cells, the lack
of cell wall and peculiar cell membrane components, like cholesterol, may facilitate fusion.
Internal localization may produce chronic or latent infections as it is capable of persisting,
synthesizing DNA, and replicating within the host cell even after treatment with antibiotics.
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Pneumocystis carinii (P. Jirovecii)
Pneumocystis pneumonia (PCP) is a form of interstitial pneumonia caused by the yeastlike fungus Pneumocystis jirovecii. It can be detected in the lungs of healthy people, but
typically causes opportunistic lung infections in people with a compromised immune system. Pneumocystis pneumonia is particularly associated with HIV (AIDS defining condition) but also seen in patients undergoing chemotherapy for cancer or under medications
that suppress the immune system.
Signs and symptoms of PCP include fever, non-productive cough, shortness of breath,
weight loss and night sweats. Sputum is usually negative for PCP so that in most cases a
bronchoalveolar lavage (BAL, lung rinse) is required for diagnosis.

Indication
Interstitial pneumonia in immunocompromised
adults (HIV, transplantation, chemotherapy, predisposing lung disease) and premature infants may
be due to P. carinii infection.
The specific identification in tissue or cytological
cell preparations provides the basis of an adequate
antibiotic medication.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids.
Test Procedure
Pneumocystis carinii can be detected by PCR-based
techniques (PCR-ELISA, Roche).

Typical problems
› Degradation of DNA due to inappropriate formalin fixation
› Simple molecular detection of Pneumocystis
jirovecii in lung fluids does not mean that a person
has Pneumocystis pneumonia or infection by HIV.
The fungus appears to be present in many healthy
individuals in the general population
Duration
About 2–7 working days.

Affection of visceral organs other than lung is not a usual presentation. The diagnosis can
be confirmed by histological identification of the causative organism in sputum or BAL.
Staining with toluidine blue, silver stain, or an immunofluorescence assay will show the
characteristic cysts. The cysts resemble crushed ping-pong balls and are present in aggregates of 2 to 8 (and not to be confused with Histoplasma or Cryptococcus, which typically
do not form aggregates of spores or cells). A lung biopsy would show thickened alveolar
septa with fluffy eosinophilic and PAS-positive exudate in the alveoli. Both the thickened
septa and the fluffy exudate contribute to impaired oxygen diffusion capacity.
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Toxoplasma gondii
T. gondii is an obligate, intracellular, parasitic protozoan and the cause of toxoplasmosis. It
can infect virtually all warm-blooded animals as intermediate hosts, although felids such
as domestic cats are the only known definitive hosts in which the parasite can undergo
sexual reproduction and be excreted by fecal route as oocysts.
Acute infection may cause unspecific flu-like symptoms and lymphadenopathy but will
usually be unnoticed by healthy individuals. Upon activation of the immune system the
parasite can persist in tissue cysts, especially in the brain and skeletal muscle. In immunocompromised hosts, however, it may cause severe forms of encephalitis, chorioretinitis
and unusual presentations such as interstitial pneumonia.

Indication
Toxoplasmosis may become relevant in immunocompromised patients (e.g. posttransplant) as
encephalitis and chorioretinitis and has been described as a generalized infection of different organs in the context of HIV.
Differential diagnosis of enlarged lymph nodes especially of the head and neck includes T. gondii infection (Lymphadenitis Piringer-Kuchinka).
Primary infection during pregnancy can lead to fatal congenital toxoplasmosis.

Test Material
Formalin-fixed and paraffin-embedded tissue,
cell-containing body fluids or 6–8 unstained slides;
smear preparations.
Test Procedure
Toxoplasma can be detected by PCR-based techniques (PCR-ELISA, Roche).

Typical problems
› Degradation of DNA due to inappropriate formalin fixation
Duration
About 5 working days.
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Fig. 28: Ultrastructure of a T. gondii tachyzoite.
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External Quality Control
The Institute of Pathology is participating continuously in rigorous external quality assurance (EQA) procedures. The German Society of Pathology and the German Association
of Pathologist have created an EQA system named Quality Initiative in Pathology (QuiP®),
which is one of the leading EQA systems in Europe.
The German Society of Pathology and the European Society of Pathology agreed to mutually accept and support the certification procedure as well as the certificates issued.
In addition the governmentally control accreditation system is particularly designed for
molecular pathology (see below). It guarantees and controls a straightforward workflow
of all techniques applied in this field. The annual on-site audits of the laboratory are documented and published continuously.
The 2015 document of accreditation of the laboratory of molecular Pathology of the Institute of Pathology, Charité Berlin, is shown below.
The Institute of Pathology, Charité Berlin, successfully passed a number of ring trials (Round
Robin test) performed by QuIP®, which is documentated by correspondent certificates, details see www.pathologie-dgp.de/pathologie/quip-zertifizierte-institute
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Methods/Techniques of
molecular pathology
The technical methods applied for molecular analyses are
›
›
›
›
›
›

Fluorescence (DNA) In-situ hybridization (FISH)
DNA-based PCR and reverse transcriptase (RNA-)based techniques
PCR-ELISA (Roche; Chipron)
Sanger sequencing
Pyro-sequencing
Next generation sequencing (High-throughput amplicon sequencing)

For details see respective literature.
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