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CRP.ESR and PV
inflammation markers -
a comparative review

David Norcliffe, David Manuel and Bernie Benson

present a comparative review of the three commonly

used methods to screen for inflammation markers to

diagnose and monitor disease.

Inflammatory markers are blood tests
used by healthcare professionals to
detect inflammation, which aid in the
diagnosis and monitor the progression
of many diseases." After the total and
differential white cell count, which are
part of the full blood count (FBC), the
three most commonly used general
inflammation markers to screen the wide
range of organic diseases are, C-reactive

Blood sciences departments commonly screen for C-reactive protein, erythrocyte sedimentation rate and

plasma viscosity.
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protein (CRP), erythrocyte sedimentation
rate (ESR) and plasma viscosity (PV).
Numerous studies have highlighted
advantages of each and conversely
have also demonstrated limitations. The
decision to commit to a particular test
can therefore be an important one for
clinicians and laboratory scientists, with
many factors to consider, including the
patient population being served. Hence,

an overall review may assist in the final
decision-making process. In addition to
their role as inflammatory markers, CRP
and PV have also both been used as
predictors of cardiovascular disease risks.
PV on the other hand, has been shown
to be influential in the aid of diagnosis
and monitoring progression of other
disorders like diabetes, cardiovascular
diseases, dementia, Alzheimer's disease
and COVID-19.

C-reactive protein

Discovered in 1930, the term CRP was
derived from its initial identification as

a substance present in the serum of
patients experiencing acute inflammation,
which exhibited a reaction with the

‘C’ carbohydrate antigen found in

the capsule of pneumococcus.? CRP

is a calcium-dependent acute phase
protein of hepatic origin which binds

to phosphocholine on the surface of
dead or dying cells and some bacteria.
It is now known to exist in at least three
different forms: a monomeric (modified)
form, a pentameric (natural or native)
form and multimeric forms consisting of
ten or more subunits.® Other separate
forms have been described such as
dimers, trimers, tetramers and non-
native pentameric forms.* Clinicians are
advised to exercise caution when making
critical decisions based on the limited
information provided by the CRP.

CRP has a half-life of approximately 19
hours® resulting in a continual variance in
the plasma. Therefore, it's understood to
be very reactive and sensitive to changes,
such as those seen in inflammation. The
concentration of the reactive protein
can change by approximately 5 mg/L
in six hours and peak at 48 hours. Once
inflammation subsides CRP levels reduce
quickly.® Hence it is used by many
laboratories as a general infection marker
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at presentation and during its progress.

There are no standard techniques
for measuring and reporting CRP. It is
commonly measured by immunoassay,
though other techniques are sometimes
used. The changes seen during acute
inflammation can increase the value a
hundredfold and each method must be
able to encompass this, hence sensitivity
is not always at the same level as some
other metabolic assays. Furthermore, CRP
increases with the age’ of the patient,
thus affecting the baseline and making
interpretation challenging.

CRP is a non-glycosylated protein, but
Pathak and Agarwal (2019)8 described
different glycosylated forms in certain
pathological conditions. However, the
measurement of this single acute phase
protein brings considerable limitations
due to its isolated narrow base. Most
notably, baseline levels can be influenced
by a patient’s age, gender, smoking,
body weight,? lipid levels, and blood
pressure, while evidence also indicates
that hormone replacement therapy
(HRT) will have a profound influence
on CRP which can produce higher
incorrect results.’® Also, variable results
in rheumatoid arthritis patients due to
the heterogeneity' (the variability of
the intervention effects being evaluated
in different studies) and with method
variation. It is also known that females
have a higher CRP titre than males and
a concentration hook effect can exist in
particularly high levels, thus introducing
the possibility of erroneous quantitation.'
Certainly, any or all of these could explain
some, previous reports that CRP does not
always increase in viral infections.® Hence
CRP results obtained when differentiating
between viral and bacterial infections
should be interpreted with caution.

Developments have been made
in CRP applications with small but
significant changes being recognised
as a possible cardiovascular risk factor
in otherwise healthy, asymptomatic
individuals. Hence high-sensitive assays
(hs-CRP) have since been developed
using immunonephelometry or
immunoturbidity, which mostly focus on
concentrations at or below the stated
reference range, but are both more
expensive than standard CRP assays
and less commonly used. Furthermore,
hs-CRP assays should not be used in
the presence of other physiological
inflammation, limiting the reliable use
of hs-CRP, especially when diagnosing
cardiovascular risks.

Point-of-care (POC) CRP assays can
be used in emergency care for possible
detection of inflammation. This can be
a useful guide and is also suitable for
outreach or satellite laboratories. It has

cobas b 101 (Roche>

also been reported that a CRP to albumin
ratio of less than 32 has a negative
predictive value of up to 89% for ruling
out sepsis™ but the numerous influences
on the baseline must be considered

in its interpretation. Normal reference
ranges for CRP vary with the technique
used and other factors but typically are
usually approximately 3-10 mg/L." Health
care professionals and clinicians are still
not in an agreement for an international
numerical standard for a definitive normal
range and abnormal range of CRP results.
Perhaps this is due to the wide range of
results produced by the many different
manufacturers of CRP analysers and the
varying analytical testing methods.

Erythrocyte sedimentation
rate

The ESR is almost certainly the oldest
laboratory blood test still in use; being
first described over 100 years ago.' It is
based on the principle of determining
the rate of red cell (haematocrit)
sedimentation falling through plasma
under the influence of gravity, in a diluted
stationary sample measured over one
hour.? An increase above the reference
range may be an indicator of a disease
process. It is influenced by the albumin/

globulin (AG) ratio, particularly fibrinogen.

Although variations of the original
technique had been used since 1921, it
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A variety of point-of-care CRP assays are available
and can be used in emergency care, as well as
being suitable for outreach or satellite laboratories.

was standardised by Dr A Westergren,
who was a founding member of the
expert panel of International Committee
for Standardisation in Haematology
(ICSH); being published in 1973.

The ESR test process mechanism is
triphasic, producing a sigmoid curve,
with each phase varying in length
between patients. The three phases
are: aggregation, sedimentation
and packing of the red blood cells
(alternatively this process is known as
lag, log and syneresis). The ESR result is
analysed and recorded after one hour
on the assumption that the third phase is
complete.

The traditional Westergren test
requires an EDTA anticoagulated sample,
less than four hours old."”? An aliquot of
this sample is then diluted with trisodium
citrate to reduce the zeta potential of the
red cells, using a ratio of four parts blood
to one part sodium citrate. This is gently
mixed and transferred into a plugged,
graduated tube measuring 200mm length
and 2.5mm internal diameter. Then the
tube is left to stand vertically away from
direct sunlight, vibration, and from any
form of movement, which are known as
serious interfering factors in the process.

The result is where the demarcation
zone between plasma and red cells
occurs and is reported in millimetre
(mm) in one hour. However, due to
variations in the length of each phase
between patients, it is not uncommon
for ‘streaming’ to occur. This is where the
third phase is incomplete and a hazy, and
unclear line of demarcation is seen, often
occupying up to 20 mm of the graduated
tube, thus making an accurate and clear
results which is subjective and difficult to
achieve. In the author’s experience this
occurs in approximately 10% of ESR tests.

There is a plethora of information
about the numerous limitations of the
ESR test, one of which is the dependence
on the haematocrit, which gives rise to
the different reference ranges for males,
pre- and post-menopausal females.
Drawbacks with ESR test includes the
unphysiological nature of the test, the age
of the sample prior to testing, the patients
age, use of medication (particularly
aspirin and steroids which can often
distort a high result towards normal).
External interfering factors which could
affect the test results include temperature
variations and any movement in the
test environment. Most importantly the
ESR test does not have realistic quality
control and quality assurance materials
to validate the test carried out. The
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author has found that the accuracy of
the dilution with trisodium citrate was of
particular importance. Automated ESR
analysers, which considerably shorten the
duration of testing, will only provide an
approximation of the results obtained by
a traditional Westergren test.

The ICSH indicated in a report?' that
while the Westergren method remains
the gold standard, the results produced
by new instruments may vary from those
obtained using the Westergren method
by as much as 142%. Furthermore, the
ICSH report highlighted that various
non-Westergren methods exhibited
discrepancies among themselves of up
to 42%.

Plasma viscosity

Plasma viscosity is renowned as a quick,
non-specific test, which is accurate,
reliable, repeatable, is very useful for
screening and eminently suitable for
condition monitoring. The viscosity

(a fluid's resistance to flow) of plasma

is determined by size of the protein,

its concentration and importantly,
molecular symmetry. Fibrinogen has a
very significant effect on the viscosity of
plasma. This is due to fibrinogen having a
length to diameter ratio of approximately
18:1.22 So, elevation in the total levels

of acute-phase proteins and fibrinogen
contributes to an increase in plasma
viscosity.

Therefore, the viscosity of plasma is
significantly influenced by changes in
the size and the levels of protein and
importantly the volumes of fibrinogen
molecules, which occur as a consequence
of infection, inflammation, and physical
trauma.

Plasma viscosity measurement in
clinical practice has been used since
1946. Following studies referencing the
mechanism of the ESR, John Harkness
published what was to be a seminal
paper.? In 1963 he designed a semi-
automated capillary viscometer for PV
measurement which was later developed,
manufactured and marketed as the
Coulter Harkness Plasma Viscometer.
This instrument eventually (1972) then
became the gold standard for clinical
plasma viscosity measurement. The
analyser test temperature was chosen
to be 25°C, room temperature. It was
considered easier and more economical
to manufacture the viscometer testing
and reporting at 25°C rather than the
more obvious and physiological human
body temperature of 37°C. Reporting at
25°C is still widely used today, though
modern automated clinical viscometers
will test precisely at 37°C but can report
at a choice of 37°C or 25°C depending
on the user’s preference.

16

Erythrocyte Sedimentation Rate

Note the slight
streaming effect
in sample 4
which is often
greater than this

llustration of ESR tests, reflecting the tendency of red blood cells to settle more rapidly in the face of

some disease states.?

The PV measurement is most
accurately achieved using a capillary
viscometer. The theory is quite simple,
thin, low-viscosity fluids will travel faster
through a capillary than thick high-
viscosity fluids. The time taken for an
aliquot of plasma (under the influence of
air pressure) to travel through a calibrated
capillary is detected by two measured
infra-red optic points and recorded. The
recorded viscometer ‘run time’, is used
by an algorithm which will determine the
viscosity of the fluid.

A modern automated clinical
viscometer aspirates only 50pL of sample
therefore, adult and paediatric repeat
tests are feasible. The PV test can be
carried out using the residue from the full
blood count tube, eliminating the need
for additional blood samples.

Another method that has been used
historically to measure plasma viscosity
is the cone and plate viscometer, which
measures the resistance (drag) in an
aliquot of plasma when a cone or plate is
rotated in the fluid. However, this method
is far less sensitive than the capillary
method. The cone and plate instrument
required a much larger sample volume, a
greater assay time and manual pipetting.
Another early viscosity test method once
used for determining PV was the falling
ball viscometer. This viscometer is often
used in industry, and it determines the
viscosity by measuring time for a uniform
ball to fall through a vertical column
of liquid. Both these methods are now
generally considered inappropriate in a
modern clinical laboratory environment.

The viscosity of plasma within the
human body will automatically increase as
part of the normal response to infection,

inflammation, and due to the effects of
traumatic physical injury. A PV will give
an accurate reflection of the intensity
of the patient’s condition at the time of
test. The plasma viscosity test is cost
effective, quick and available in many
haematological laboratories.

The PV test has the capability to
diagnose and monitor many clinical
conditions. It has been exclusively
used in the diagnosis and detection
of Waldenstrédm’s macroglobulinaemia
and hyperviscosity syndrome. It exhibits
significantly greater versatility in
behaviour across various other disease
states.

Hence plasma viscosity is considered
to have a dramatic diagnostic impact
leading to the most appropriate
treatment for conditions such as, multiple
myeloma, polymyalgia rheumatica,
rheumatoid arthritis, temporal arteritis,
cardiovascular disease, COVID-19,
Waldenstrém’s macroglobulinaemia,
hyperviscosity syndrome, diabetes,
sepsis, meningitis, vascular dementia
and Alzheimer's disease. Most notably
in a 2021 paper, by Gleghorn et al?*
who reported an increase in viscosity
and a predictive value of greater than
90% of patients with SARS COVID-19
developing complications and requiring
hospitalisation. Further interesting,
published papers indicate that PV can
be used to diagnose and differentiate
between vascular dementia and
Alzheimer's disease.? It has been long
established that PV can be used to great
advantage as a predictor of cardiovascular
diseases.?

The PV normal reference range for
individuals aged three years and above

MAY 2025 WWW.PATHOLOGYINPRACTICE.COM

Clinical viscometers can measure the viscosity of human biological fluids: blood plasma, blood serum,

whole blood and synovial fluid and will test directly from primary blood sample tubes.

is considered to be, a result within 1.50 -
1.72 mPa-s™ reported at 25°C (room
temperature) and 1.12 - 1.27 mPa-s
reported at 37°C. Importantly minor
variation in a patients PV of 0.05 mPa-s is
deemed to have clinical significance.

Discussion and conclusions

Over the last 20 years it has been
common for haematology and
biochemistry laboratories to combine

to form blood science departments.

The traditional soft barriers have been
breached, though dedicated specialist
staff remain in their particular disciplines
to maintain service quality and expertise.
These changes have seen the emergence
of the managed service plan (MSP) for
lease and maintenance of all major
equipment and reagents, often over
both disciplines, using a single combined
contract.

Many of the major biochemistry
analyser manufacturers incorporate CRP
testing within their devices, subsidising
the relatively expensive assay from the
cheaper and more frequently requested
tests such as urea and electrolytes, thus
increasing its attraction to the customer
when operating within a tight financial
budget and considering an MSP.

Some laboratories have retained their
historical traditional discipline-specific
inflammatory markers, offering two
inflammatory tests, whilst others have
made the difficult decision to provide just
one. Hence it is not uncommon for some
blood sciences laboratories to offer ESR
or PV from haematology and CRP from
biochemistry, whilst some only rely on a
single marker.

Whilst an accurate direct conversion

factor between any two or all three test
methods cannot be produced due to
variations and specificity, it can be seen
from the evidence in this review that CRP
appears to have some virtues, particularly
its use as a predictor of cardiovascular
disease and its point-of-care platform.
However, it does have several
considerable limitations. The numerous
influences make the baseline figure less
than certain which could impact on clinical
decision making. Furthermore, there is
a significant unclear (grey) area in results
and interpretation.

Whilst the ESR has earned its place
in history, the numerous limitations and
interfering factors appear to make it an
anachronism in the modern laboratory.
Whilst a grossly raised ESR may be a
good indicator of disease, particularly at
the diagnostic stage, the tendency for
the ESR to incorrectly report as ‘normal’
puts in to question the true value of the
ESR test. When looked at objectively
the ESR is unphysiological and does not
reflect any part of the in-vivo circulation.
Additionally, there are no realistic
quality control or quality assurance
schemes which accurately reflect the test
conditions.

Furthermore, in cases of IgG myeloma,
the ESR result is dramatically clear
but paradoxically in IgM myeloma or
Waldenstrém's macroglobulinaemia
the result is commonly reporting in the
normal range due to the plasma being
too viscous for the haematocrit cells to fall
through under the effect of gravity, even
despite the dilution with trisodium citrate.

The PV test is sensitive and is a true
reflection of the in vivo conditions.
Additionally, it is meticulously regulated
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through well-established quality control
and quality assurance schemes, notably
at the United Kingdom, National External
Quality Assessment Service, (UK NEQAS).
PV has a very narrow, specific reference
range and PV measures the overall
collective effect of protein changes
rather than a specific protein and offers
several worthwhile advantages. These
include that testing can be performed on
a plasma sample up to seven days old,
and the result is unaffected by factors
such as anaemia, patient age, gender or
smoking habit, while showing stronger
correlation with disease activity. Also, PV
results are not distorted or affected by
medication such as salicylates (aspirin)

or steroids, and test is independent

of the haematocrit.’*° Moreover, the
combination of PV and serum viscosity
ratios has been used as a predictor of
chronic arthritis in patients with early
rheumatic disorders.*'

Where laboratories offer two different
inflammation markers for best clinical
practice, then the evidence above would
indicate CRP and PV as the prime choice
due to the limitations of the ESR. All
three markers are well known to increase
in bacterial, viral infections, sepsis and
temporal arteritis. However, caution
must be exercised in the interpretation
of CRP results where it conflicts with that
of PV due to the limitations above. PV
has fewer limitations, the test is quick,
sensitive, reliable, and inexpensive. Both
CRP and PV have been used as predictive
indicators of cardiovascular disease in
addition to their role as inflammation
markers.

The changes which occur in the
viscosity of the plasma in multiple disease
states have often been described and
compared. Notably, the UK government's
recently announced 10-year plan for
the NHS places a large emphasis on
further development of medical analytical
technology.®?

Where only a single inflammation
marker is provided by the laboratory
then evidence would indicate that PV is
clearly likely to be the best choice due
to its indisputable baseline and narrow
range. PV is a sensitive test and a change
as small as 0.05 mPa-s is considered
to be diagnostically significant. There
are fewer influencing factors than CRP
and its versatility appears to be at least
as wide, as supported by a plethora of
publications in numerous disease states.

Additionally, its use as a cardiovascular
risk predictor does not require a separate
assay technique and can be performed
from the same sample or residue of a
routine full blood count. In summary,
while the on-board CRP assay presents
some attractions, the PV appears to excel
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in terms of versatility, performance, and
reliability compared to the other two
inflammatory tests.

The PV test has the capability to
diagnose and monitor any condition
that the ESR test is utilised for including
screening or monitoring. However, it is
crucial to acknowledge that a PV test
cannot always be substituted by using
the CRP or ESR tests. Plasma viscosity
test results are reliable, repeatable, and
reproducible with little or no ambiguous
and equivocal areas thus making
interpretation easier than the ESR or CRP.
The benefits and rewards of PV testing
are substantial for the patient’s clinical
outcome.

Plasma viscosity can add useful
information in the diagnosis and
treatment of many common and also rare
disorders. Therefore, it is recommended
that plasma viscosity tests should be
exploited and utilised more frequently in
clinical medicine. i d
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