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Laboratory diagnosis of congenital and acquired deﬁciencies of coagulation factor XIII
(FXIII) can be challenging. Determination of FXIII function requires speciﬁc and
sensitive assays which are not always available. This brief review article summarizes
currently used FXIII assay methods, their principles and difﬁculties, and discusses the
recommended diagnostic workup in case of a suspected FXIII deﬁciency. The article
also brieﬂy touches on experimental methods used in FXIII research.

Introduction
Coagulation factor XIII (FXIII) circulates in blood as a tetramer
of two protransglutaminase A-subunits and two carrier Bsubunits (A2B2) and acts at the end of the plasmatic coagulation
cascade. Thrombin initiates FXIII activation by cleaving off the
activation peptide which, in the presence of Ca2þ and enhanced
by ﬁbrin, is followed by the dissociation of the tetramer and
conformational changes to yield the active transglutaminase
FXIIIa. FXIIIa biochemically cross-links ﬁbrin molecules by
introducing isopeptide bonds between glutamine and lysine
side chains and also binds other plasma proteins, including
antiﬁbrinolytic proteins, to ﬁbrin. This makes the ﬁbrin clot
more stable and resistant toward premature ﬁbrinolysis. FXIII
also facilitates incorporation of blood cells into the clot, which
is necessary for clot retraction. Furthermore, FXIII has crucial
functions in extracellular matrix stabilization, tissue remodeling and wound healing, and pregnancy.1,2

Difﬁculties in FXIII Laboratory Assessment
Congenital and acquired FXIII deﬁciencies are rare but severe
bleeding disorders with potentially life-threatening bleeding
complications.3 Therefore, a timely and accurate diagnosis is of
utmost importance. However, there are several difﬁculties that
make FXIII laboratory assessment challenging. Because FXIII
acts at the end of the coagulation cascade when ﬁbrin is
already polymerizing, FXIII action is not picked up by routine
global coagulation assays such as prothrombin time and
activated partial thromboplastin time. Instead, speciﬁc FXIII
assays have to be performed, but they are not available in every
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laboratory, or they are not routinely performed due to the
small number of cases and hence the small number of analyses.
Among FXIII assays, clot solubility assays are still widely
used as screening tests. In these assays, a plasma sample is
clotted followed by observation of the dissolution of the clot,
which is soluble in reagents such as urea or diluted monochloroacetic acid if not biochemically cross-linked by FXIII.
These assays are cheap and do not require special reagents or
infrastructure. However, the type of clotting and solubilizing
agents, their concentrations, and assay procedures are not
standardized and there are substantial differences in sensitivity between different protocols.4 In addition, the result
gives no quantitative information on FXIII activity or FXIII
antigen levels. And importantly, very small residual FXIII
amounts, e.g., from treatment with a FXIII-containing blood
product within the last 4 to 6 weeks prior to blood sampling,
are sufﬁcient to give normal results (i.e., the clot does not
dissolve). Therefore, clot solubility assays are associated with
a high risk of missing a diagnosis of FXIII deﬁciency and are
not recommended. Yet, it must be acknowledged that alternatives are often not available, in particular in countries with
limited healthcare resources. When the limitations of the
clot solubility assays are well known and taken into account
and the patients are well characterized clinically, clot solubility assays may still have a place in FXIII diagnostics.4,5
Commercially available quantitative FXIII activity assays
are also not without problems. The so-called photometric
assays measure the amount of ammonia released during the
transglutaminase reaction catalyzed by activated FXIIIa in a
subsequent indicator reaction of ammonia with NADH or
NADPH catalyzed by glutamate dehydrogenase.6 However,

© 2020 Georg Thieme Verlag KG
Stuttgart · New York

DOI https://doi.org/
10.1055/a-1181-0327.
ISSN 0720-9355.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

1 Department for BioMedical Research (DBMR), University of Bern,

Laboratory Assessment of Coagulation Factor XIII

Schroeder

other FXIII-independent chemical reactions in plasma may
interfere with the indicator reaction, which can lead to an
overestimation of the actual FXIII activity, in particular in the
low-activity range (below 20–30% FXIII activity). It is therefore crucial to include a plasma blank, i.e., each plasma
sample is measured twice, once with FXIII activation and
once without FXIII activation or with addition of a FXIII
inhibitor, and the difference between the two measurements
is used to calculate the actual FXIII activity.7–9

Quantitative FXIII Assays
Quantitative FXIII assays can be divided into antigen assays
and functional (activity) assays, as summarized in ►Table 1.
Antigen assays use speciﬁc polyclonal or monoclonal
antibodies against the FXIII A2B2 tetramer or the individual
A- and B-subunits. The most common assay format is the
enzyme-linked immunosorbent assay (ELISA). Several ELISA
kits are commercially available, and their speciﬁcity and
sensitivity depend largely on the antibodies used. A special
format is the latex agglutination immunoassay that allows
automation (HemosIL Factor XIII Antigen, Instrumentation
Laboratory, Bedford,Massachusetts, United States). The
results from antigen assays are expressed usually in percentage relative to a normal plasma or standard material such as
the International Standard for factor XIII plasma.10 Antigen
assays allow the quantiﬁcation of the actual amount of FXIII
protein present in the sample irrespective of its activity.
Usually, antigen and activity are strongly correlated so that it

may be enough to determine either antigen or activity levels.
However, in cases of congenital FXIII type II deﬁciency, i.e.,
normal protein levels but reduced function,11 and acquired
FXIII deﬁciency due to inhibiting antibodies,12,13 it is essential to measure both FXIII antigen and activity. A signiﬁcantly
reduced FXIII activity at normal FXIII antigen levels is also
found in patients with aﬁbrinogenemia,14 again arguing for
the determination of both FXIII activity and antigen.
Functional assays are based either on the detection of
ammonia released during the transglutaminase reaction, the
detection of (small) substrate molecules and peptides that
become cross-linked to protein substrates (also termed amine
incorporation assays), or the isopeptidase activity of transglutaminases. Among the functional tests, the photometric
ammonia release assay,Berichrom Factor XIII assay (Siemens
Healthineers, Erlangen, Germany), is automatable and it is
widely used, but as discussed above, the protocol should be
adjusted to include a plasma blank. In contrast, the Technochrom FXIII assay (Technoclone, Vienna, Austria) does contain a
blank reagent and is therefore also reliable in the low-activity
range. An incorporation assay that detects incorporation of a
FXIII-speciﬁc glutamine peptide substrate, one of the so-called
Hitomi peptides, into an amine substrate15 is commercially
available (Covalab, Villeurbanne, France). An in-house incorporation assay that detects incorporation of biotin-pentylamine
into ﬁbrinogen is very sensitive also in the low-activity range. In
addition, it picks up the common FXIII Val34Leu polymorphism
which accelerates the FXIII activation rate.16 However, when
FXIII is fully activated, the speciﬁc activity of the FXIII Val34 and

Table 1 Quantitative FXIII assays
Assay type

Principle

Examples of commercial assays

FXIII antigen
assays

Sandwich-type ELISAs detecting FXIIIA2B2,
FXIII-A, or FXIII-B depending on antibody
speciﬁcity

Zymutest Factor XIII-A (Hyphen BioMed,
France)

Latex agglutination immunoassay for FXIIIA antigen

HemosIL Factor XIII Antigen (Instrumentation
Laboratory, Bedford,Massachusetts, United
States)

Yes

Ammonia released during the transglutaminase reaction reacts with NADH or
NADPH which is recorded photometrically

Berichrom Factor XIII (Siemens Healthineers,
Germany)

Yes

Biophen Factor XIII (Hyphen BioMed, France)

Yes

Technochrom FXIII (Technoclone, Austria)

Yes

Functional
FXIII assays
(activity assays)

Incorporation of small molecules (e.g.,
biotin-labeled pentylamine) or peptides
into protein substrates (e.g., ﬁbrinogen),
detection of the incorporated substrate
with a labeled marker (e.g., streptavidin) or
antibody

Speciﬁc Plasmatic Transglutaminase Factor
XIII Colorimetric Microassay Kit (Covalab,
France)

Fluorogenic assay based on isopeptidase
activity: transglutaminases can also cleave
isopeptide bonds. This cleavage releases a
quencher molecule, leading to an increase
in ﬂuorescence from a ﬂuorophore attached to a substrate

Isopeptidase-Fluorogenic Factor XIII Assay
(Zedira, Germany)

Assay is
automatable

Yes

Abbreviations: ELISA, enzyme-linked immunosorbent assay; FXIII, factor XIII.
Notes: The list of commercial assays contains typical examples but makes no claim to be complete. Not all of the commercially available assays are
registered for diagnostic purpose, some are for research purpose only.
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Leu34 variants does not differ. More recently, a ﬂuorogenic
assay has become commercially available that allows sensitive
quantiﬁcation of FXIII activity also in the low-activity range17
(ﬂuorescent factor XIII assay, Zedira, Darmstadt, Germany), but
it has not yet been used widely in clinical conditions. The assay
is based on the isopeptidase activity of transglutaminases. It has
also been used to monitor FXIIIa generation over time upon
triggering the coagulation cascade.18 The isopeptidase assay
has recently been implemented and validated for use on an
automated platform.19

Recommended Diagnostic Workup
The Factor XIII and Fibrinogen SSC Subcommittee of the
International Society on Thrombosis and Haemostasis has
published recommendations on the diagnosis and classiﬁca-
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tion of FXIII deﬁciencies.20 As summarized in ►Fig. 1, when
FXIII deﬁciency is suspected, a quantitative functional assay
should be performed as ﬁrst-line screening assay. Antigen
assays are recommended to establish the type of deﬁciency.
Since most cases among congenital FXIII deﬁciencies
reported so far have been congenital FXIII-A deﬁciencies,
an ELISA to measure the FXIII-A subunit is usually sufﬁcient.
Identiﬁcation of the underlying genetic mutation in congenital FXIII deﬁciency has usually no inﬂuence on patient
treatment, so molecular genetic analysis is mostly of interest
to research to learn more about FXIII structure and function.
Acquired FXIII deﬁciency can be caused by consumption
during heavy blood loss, prolonged bleeding, thrombosis,
or acute or chronic inﬂammation.3 In recent years, a large
number of autoimmune FXIII deﬁciencies have been
reported.13,21 In suspected autoimmune acquired FXIII

Fig. 1 Recommended diagnostic workup for suspected FXIII deﬁciency, based on the recommendations on the diagnosis and classiﬁcation of
FXIII deﬁciencies published by the Factor XIII and Fibrinogen SSC Subcommittee of the ISTH. 20 ISTH, International Society on Thrombosis and
Haemostasis.
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deﬁciency due to autoantibodies, further assays can be
performed to characterize the type of autoantibody.12,22
The recommended diagnostic workup20 is followed ideally
to thoroughly characterize FXIII deﬁciency in addition to the
clinical symptoms and family history of a patient. However, as
mentioned above, the speciﬁc assays and resources are not
always available. In regions where consanguineous marriages
are common, leading to a high frequency of a few genetic
mutations, genotyping for these mutations may represent a
valuable yet inexpensive tool in the diagnosis of congenital
FXIII deﬁciency.23
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