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identification of all pathogenic variants in the patients is
important for genetic counselling for couples regarding the
risk to their offspring.
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Variability in D-dimer reporting

revisited
Sir,
D-dimers represent a breakdown product of fibrin formation,
and D-dimer testing is a common laboratory procedure in
haemostasis laboratories.1 D-dimer testing may be requested
in patients as an investigative tool for assessment of venous
thromboembolism (VTE), such as deep vein thrombosis
(DVT) or pulmonary embolism (PE), typically combined
with a pre-test probability score (e.g., Well’s score), or else
for assessment and potential monitoring of disseminated
intravascular coagulation (DIC).1 Of particular relevance to
the current report, is that D-dimer testing has found particular
utility as a potential prognostic marker for disease severity in
coronavirus disease 2019 (COVID-19), which characterises a
pandemic produced by severe acute respiratory syndrome
virus coronavirus 2 (SARS-CoV-2). At time of writing,
COVID-19 comprised over 17 million confirmed cases,
causing nearly 700,000 deaths.2 The disease expresses
various pathophysiological derangements, including (micro)
thrombosis,3e5 which in turn is associated with various de-
rangements of haemostasis parameters, in particular
including D-dimer.6 As noted, D-dimer also potentially
serves as a prognostic marker for severe disease and/or
mortality.7 Thus, it is anticipated that D-dimer testing will
increase substantially as clinicians assess and treat increasing
numbers of COVID-19 patients.
Of additional relevance to this correspondence is wide

under-recognition of the substantial variation in D-dimer
reporting units,8 and thus also the likelihood of misreporting
D-dimer data because of poor or incomplete information.9

Although at least 28 potential theoretical combinations of
D-dimer units can be identified,8 a summary of the eight most
common was recently identified,9 including recognition that
different manufacturers of D-dimer reagents report in several
different preferential units. Two layers of possible misre-
porting exist. The first reflects using either D-dimer units
(DDU) or fibrinogen equivalent units (FEU), the latter being
almost 2� those of DDU. The second is the actual measuring
units used: these may be in ng, mg, mg, or g, per mL, L and
potentially even mL. This secondary layer creates the possi-
bility of some 1000-fold difference in reporting values,9

which combined with the first layer leads to the possibility
of a 2000-fold error in reporting values.9

Given the recent assessment showing several errors in D-
dimer reporting in the COVID-19 literature,9 and a subse-
quent call for action by the International Society on Throm-
bosis and Hemostasis (ISTH) Scientific Standardization
Committee (SSC) on Fibrinolysis,10 we thought it worth-
while to investigate current test practice from participants of
the Royal College of Pathologists of Australasia Quality
Assurance Programs (RCPAQAP). For this purpose, we
constructed a simple survey using Survey Monkey that we
asked participants to complete voluntarily. The number of D-
dimer results being reported to RCPAQAP in 2020 is 515,
representing a total of 407 participants (note that many par-
ticipants report D-dimer values on multiple instruments).
After exclusion of duplicate entries, 100 participants (24.6%
of active participants) provided answers to the survey ques-
tions. Although this is arguably a minor sampling of the total
possible pool, it is not unusual for a voluntary survey, and
still provides a reasonable snapshot of current status and
associated problems. Results are summarised in Fig. 1. The
breakdown of participant laboratory types (as self determined
by participants) is shown in Fig. 1A, and indicates re-
spondents as mostly deriving from publicly funded facilities.
The breakdown of manufacturer reagents in use by partici-
pants (Fig. 1B) indicates two main reagents in use by almost
80% of participants; however, in total, seven different re-
agents are currently in use. Most participants report in FEU
units (Fig. 1C), which also tends to be that recommended by
most manufacturers.9 Worryingly, 8% of respondents re-
ported that they did not know whether they reported in FEU
or DDU. Most laboratories reported in mg/L (Fig. 1D), which
is also the current recommendation from the RCPA.11

However, four other units were alternatively reported, with
ng/mL and mg/mL each being reported by 7e20% of par-
ticipants. Most participants reported use of a normal cut-off
value of ‘0.5’ as representing the ‘cross over line’ for
abnormal D-dimer values (Fig. 1E). Naturally, these sites
were also predominantly reporting in FEU and mg/mL.
However, a substantial number of laboratories used either
‘500’ or ‘0.25’ as the cut-off value. Moreover, 15 (15%)
participants reported ‘other’ different and quite varied cut-
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Fig. 1 Summary of findings from the 2020 RCPAQAP survey on D-dimer testing. (AeG) Percent of survey respondents (y-axis) giving a specific response as identified
on x-axis. (A) Type of laboratory. Other included ‘regional’ and ‘community’. (B) Type of D-dimer reagent. (C) Type of D-dimer unit (DDU, D-dimer unit; FEU,
fibrinogen equivalent unit). (D) D-dimer reporting unit. (E) Cut-off value separating normal from abnormal or negative from positive. (F) Use of age specific D-dimer
cut-offs? (G) Use of sex/pregnancy specific cut-offs? (H) Linear regression lines for individual participants as reflecting the relationship between their lowest D-dimer to
highest D-dimer reported values within the 2019 EQA cycle. There is an extraordinary variation in reported data for D-dimer testing of the same homogeneous samples
in different laboratories using different methods.
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offs (e.g., 0.20, 0.35, 0.40, 0.41, 0.49, 0.51, <0.5, 400,
<400). Naturally, responses comprising 0.49, 0.5, 0.51, and
<0.5 might represent differing interpretations by participants
potentially providing the same ‘answer’ to the question. Very
few participants reported age specific D-dimer cut-off values
(Fig. 1F) and fewer still reported pregnancy specific D-dimer
cut-off values (Fig. 1G).
Experts in the field8e10,12 recognise that all D-dimer assays

are not the same; they may use different calibrators, methods,
and antibodies. However, this may be under-recognised by
laboratories testing and reporting, as well as the clinicians
requesting these tests. In one report,12 over 30 different D-
dimer assays were identified as being available commercially,
and these used more than 20 different kinds of detecting
antibodies. Indeed, the sole similarity between methods may
be the measuring units, the cut-off value and whether DDU of
FEU are employed.9 However, even in the current study of a
single external quality assurance provider, we can identify in
2020 the use of seven different reagents (Fig. 1B), at least five
different reporting units (Fig. 1D), and at least 10 different
cut-off values (Fig. 1E). Despite potential additional utility,
age adjusted and pregnancy specific cut-off values are the
exception rather than the rule (Fig. 1F,G). Given the above, it
is perhaps not surprising that there is great variability in re-
ported D-dimer values between laboratories even when
testing the same homogenous sample.9 An example of this
variability using data from the RCPAQAP is shown in
Fig. 1H.
In conclusion, we show continued variability in D-dimer
reporting in 2020. Whilst the standardisation of D-dimer
assays may not be truly possible, we would continue to
encourage manufacturers to at least standardise D-dimer
assays to a common unit of measurement, with the RCPA
recommendation of mg/L,11 preferably in FEU, also reflect-
ing our recommendation.
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Whole genome sequencing

identifies opportunistic non-
typeable Haemophilus influenzae
rather than a hypervirulent clone
Sir,
Haemophilus influenzae (HI) is a strict human pathogen
implicated in respiratory tract infections.1 Invasive infections
with capsulated HI type B (Hib) have all but disappeared due
to Hib vaccination inclusion in the Australian immunisation
Table 1 Clinical and microbiologic features in four patients with non-typeable Ha

Patient Age Risk Site of infection Site of
isolation

A
t

1 74 Lymphoproliferative
disease

Bilateral
pneumonia

Sputum
Blood

C

2 64 Eustachian tube anomaly,
recurrent otitis media
without bony erosion

Meningitis Blood
CSF

C

3 59 Previous mastoidectomy
with grommets, new
mastoid fracture with
CSF leak

Meningitis Blood
CSF

C

4 53 Excision of acoustic
neuroma 2 years prior
complicated by CSF
leak

Meningitis,
subdural
empyema

CSF C

AUG, amoxicillin clavulanic acid; CSF, cerebrospinal fluid; CTR, ceftriaxone; MLS
program since 1993.2 Occasionally, non-typeable HI (NTHI)
are isolated from sterile sites, e.g., infective endocarditis,
meningitis.3,4 The growing cohort of immunocompromised
patients from malignancy, its treatment and organ trans-
plantation create a susceptible population.5 In the absence of
an opsonising and phagocytosis evading polysaccharide
capsule, IgA proteases, serum resistance and adhesins are the
main virulence characteristics for NTHI.1 We unexpectedly
observed four cases of invasive NTHI over 7 months and
investigated whether there was an unusually virulent clone
circulating in our immunocompromised patient population.
Patients presented to our quaternary care metropolitan

hospital from October 2018 to April 2019 with sterile site
infections (Table 1). Bacterial identification was performed
following isolation of pathogens using a matrix assisted laser
desorption ionisation-time of flight mass spectrometry
(MALDI-TOF MS; Bruker Daltonics, Germany) with HI
identified by scores of >2. Susceptibility testing was
performed according to Clinical and Laboratory Standards
Institute (CLSI) M100 standards (28th ed)6 and b-lactamases
detected by the nitrocefin disc test (Oxoid, UK).
Genomic DNA was extracted from the isolates using the

Qiagen EZ1 Advanced Extractor (Qiagen, Germany) as per
the manufacturer’s instructions. Sequencing libraries were
prepared using the Nextera DNA Flex Kit (Illumina, USA) as
per the manufacturer’s instructions and sequenced on an
Illumina MiSeq. De novo assembly was performed on the
read data using SKESA (v.2.3.0) and sequence typing
performed using multilocus sequence typing (MLST). Viru-
lence genes identified by Staples et al.were downloaded from
NCBI and blasted against the assemblies.7 The sequencing
reads were mapped to the complete genome Haemophilus
influenzae strain NML-Hia-1 (GenBank accession:
NZ_CP017811.1) using BWA and variants called using
FreeBayes (v1.3.1-dirty). A maximum likelihood phyloge-
netic tree was constructed using FastTree (v2.1.10).
The clinical and microbiological characteristics of four

male patients are shown in Table 1. Three patients were at
risk for invasive NTHI infection from underlying defects in
ear anatomy. The remaining patient was treated with ritux-
imab for a lymphoproliferative disease. All were treated with
ceftriaxone despite the availability of susceptibility testing. In
the three bacteraemic patients, blood cultures were negative
emophilus influenzae invasive infection

ntibiotic
reatment
(weeks)

Phenotypic resistance Molecular
characteristics
MLST type

Virulence
genes

TR (1) b-lactamase negative 183 hmw C
pepN

TR (4) b-lactamase negative 103 hmw C
pepN

TR (2) b-lactamase positive
CTR/AUG sensitive

143 hmw C
pepN
bla TEM-1

TR (6) b-lactamase negative
CTR/ampicillin sensitive

136 hmw C
pepN

T, multilocus sequence typing.
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