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their condition within a few days or weeks 
after the onset of symptoms, achieving 
a complete recovery within a 12-week 
period. However, for certain people 
the symptoms may persist for a longer 
duration.

According to the UK National Health 
Service (NHS) the most common 
symptoms of long COVID are extreme 
tiredness (fatigue), muscle aches, 
joint pain, shortness of breath, heart 
palpitations, dizziness, and problems with 
memory and concentration, often referred 
to as ‘brain fog’.

As per the UK Office for National 
Statistics reports, approximately two 
million individuals residing in private 
households in the UK, representing 3.1% 
of the population, reported experiencing 
long COVID.7 Fatigue remained the 
predominant symptom, with 60% 
indicating this issue.

Additionally, it was reported that 37% 
of the participants faced challenges 
related to memory and concentration, 
while 48% of patients experienced 
shortness of breath. Also, 34% reported 
joint pain and 42% indicated experiencing 
muscle discomfort.8

Following recovery from the initial 
viral infection, it has been found that 
around 7% of cases continue to have 
some of the same structural spike 
proteins (spike glycoprotein) found 
in active COVID-19 patients, which 
continues to circulate within the blood 
stream.9

Hypercoagulability, a condition 
where the blood is more prone to clots 
than normal has been reported, while 
fibrinolysis – which is a normal body 
process of dissolving blood clots by 
breaking down the fibrin network – has 
also been found as a consequence. Both 
hypercoagulability and fibrinolysis are 
well recognised features amongst some 
COVID-19 patients.10

During the disease process fibrinogen 
will have been deposited in the lungs 
and brain tissue and this correlates 
with disease activity. The study by Ryu 
et al., (2024) state that fibrinogen can 
be used as biomarker and show that 
fibrin binds to the spike protein forming 
proinflammatory blood clots which 
promote systemic thromboinflammation 
and neuroinflammation.10

These inflammatory mediators that 
can activate platelets and coagulation 
factors. Activated platelets release 
pro-inflammatory molecules, further 
amplifying the inflammatory response. 

The author states: “Fibrin promotes 
neuroinflammation and neuronal 
loss after infection, as well as innate 
immune activation in the brain 
and lungs independently of active 

infection.” Concluding that fibrin drives 
inflammation and neuropathology in the 
patients.

As these COVID spikes flow 
throughout the circulation, they appear 
to bind with fibrinogen and partially 
activate it which is converted into fibrin 
clot creating a three-dimensional net. 
The fibrinogen activation initiates a 
further activation of platelets, which 
aggregate at the site activation, forming 
a platelet plug which becomes trapped 
in the net, and promotes the classical 
coagulation reaction resulting in micro 
clots. 

Epidemiology and risk factors 
for long COVID
Epidemiological research on long COVID 
presents challenges in interpretation and 
synthesis due to significant variations 
in sampling frameworks, inclusion 
criteria, demographic characteristics of 
participants, diagnostic standards, and 
research methodologies.

Despite the publication of thousands 
of academic articles, including 170 
systematic reviews, a significant number 
of clinicians still lack clarity on how to 
assess, diagnose and treat patients 
with long COVID, the post-COVID-19 
condition.

A significant number of individuals 
(but not all) suffering from long COVID 
possess pre-existing health conditions 
such as asthma, allergies, attention deficit 
hyperactivity disorder, musculoskeletal 
pain, diabetes, mental-health issues, 
insomnia, headaches, chronic fatigue, 
and frailty, which may worsen the effects 
of long COVID and vice versa. Table 
2 summarises the risk factors for long 
COVID.

Long COVID study
In a recent paper by Greenhalgh et 
al., (2024) it was indicated that the 
prevalence of long COVID has been 
assessed globally through various studies, 
with estimates ranging from 50% to 
85% among hospitalised unvaccinated 
individuals, 10% to 35% among non-
hospitalised unvaccinated individuals, 
and 8% to 12% among vaccinated 
individuals.12-17

A BBC health report in 2024 discussed 
the condition in an article about the 
largest long COVID study which was 
led by Imperial College London.18 The 
study involved following up to 657 
hospitalised patients who had suffered 
severe COVID-19 illness. It was reported 
that 35% individuals in the group had 
fully recuperated. After six months, 65% 
individuals presented with at least one 
symptom of long COVID.19

The study also found that the long 
COVID group consisted of approximately 
two third females and that if the 
symptoms were still present after six 
months they were highly likely to be 
present one or two years later. However, 
it has been noted that the number of new 
cases of long COVID is reducing from the 
original figure, probably reflecting the 
success of the vaccination programme; 
but the fact that the dominant variant 
was Omicron, but is now Stratus rather 
than the original strain, may also be a 
contributing factor.20

The research findings indicated that 
individuals suffering from long COVID 
displayed signs of ongoing inflammatory 
proteins in their blood. The investigators 
noted that the detection of these 
inflammatory protein substances in 
the bloodstream typically indicates the 
immune system’s reaction to an infection. 
This was unusual, when taking into 
account the considerable duration that 
had elapsed since the onset of the initial 
infection. 

Data showed that prolonged 
symptoms do not appear to be directly 
correlated with the severity of the initial 
infection. Interestingly a cohort of those 
who initially had mild symptoms also 
reported being affected by long COVID.

Lead researcher Professor Peter 
Openshaw stated that this study offers 

Long COVID symptoms

Cough

Shortness of breath

Loss of smell and taste

Joint pain

Brain fog

Fatigue

Heart palpitations

Depression

Table 1. Long COVID symptoms.6

Approximately two million UK individuals reported 
experiencing long COVID. Fatigue remained the 
predominant symptom, with 60% indicating  
this issue

David Manuel, David Norcliffe and Bernie Benson look 
at the prevalence of, and literature around, long COVID 
since the pandemic and consider measuring plasma 
viscosity as a diagnostic tool.

Long COVID: could plasma 
viscosity detect 
inflammatory proteins?

COVID-19, officially termed Coronavirus 
disease 2019, can be a severe viral 
illness.1 The virus responsible for this 
disease is Severe Acute Respiratory 
Syndrome Coronavirus 2, commonly 
abbreviated as SARS-CoV-2. Structurally 
the coronavirus has spikes containing 

proteins. The transmission of this virus 
commenced worldwide in late 2019 and 
rapidly developed into a global pandemic 
by the year 2020.

The disease COVID-19 is highly 
infectious and can cause a diverse 
variety of problems. It is spread primarily 

through infected droplets or saliva and 
aerosol discharge during coughing 
and sneezing.2 COVID-19 has been 
the causative agent implicated in over 
several million deaths worldwide during 
the pandemic.

Patients with coronavirus disease 
predominantly present with a respiratory 
tract infection. A proportion of these 
patients progress to a more severe 
and systemic disease, characterised by 
treatment-resistant pyrexia, acute lung 
injury with acute respiratory distress 
syndrome (ARDS), haematological 
manifestation, sepsis, followed by 
multiple organ failure with increased 
mortality.

What is long COVID?
Over five years since the onset of the 
COVID-19 pandemic, millions continue 
to experience long-term effects from 
the SARS-CoV-2 infection. These effects 
are commonly referred to as long 
COVID.

Surprisingly, there is currently no 
universally accepted name; with different 
professional health organisations 
defining it differently. The World Health 
Organization (WHO) has adopted the 
title ‘Post COVID-19 condition’,3 the 
UK Department of Health and Human 
Services use ‘Long COVID’,4 while the 
National Institute of Health and Care 
Excellence (NICE) prefers ‘Ongoing 
Symptomatic COVID-19’ and ‘Post 
COVID-19 Syndrome’.

It is characterised by the continuation 
or development of symptoms three 
months after the initial infection with 
SARS-CoV-2. Over 200 distinct symptoms 
have been reported, which will have 
a significant impact on everyday life 
functions.5

Most individuals infected with 
COVID-19 experience an improvement in 

Following recovery from the initial viral infection, it has been found that around 7% of cases continue to 
have some of the same structural spike proteins (spike glycoprotein) found in active COVID-19 patients.
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from the normal. The plasma viscosity test 
is extremely sensitive in distinguishing 
between inpatients exhibiting symptoms 
of COVID-19 and those who do not.

The PV results provide an earlier 
indication of the requirement for specialist 
care, with a probable need for intensive 
care (ICU) and a subsequent chance 
of increased survival. Consequently, 
it enables the allocation of additional 
resources to be focused on patients who 
genuinely require them, rather than those 
patients testing positive but with a lower 
risk.

This effective and simple test will 
provide essential information in risk-
stratifying patients who present with 
symptoms of COVID-19. There have been 
no other reported laboratory tests, which 
have been able to quantify the degree of 
disease burden to this level of accuracy.

According to the Gleghorn et al., 
(2021) the Addenbrooke’s COVID-19 
study, it is evident that PV is an extremely 
sensitive and dependable test. This 
test has the potential to serve as a clear 
biomarker for monitoring patients with 

long COVID symptoms.
Using the data from the study, it 

introduces the possibility that patients 
who presented with a PV of 1.83 mPa.s or 
more, reported at 25°C – and therefore 
at high risk of hospitalisation – could be 
monitored by PV measurement regularly 
up to one year after the initial infection to 
assess the possibility of long COVID.

Measurement of plasma 
viscosity
Since the introduction of efficient 
measurement of plasma viscosity (PV) as 
detailed by Harkness in 1971; PV testing 
has been available in many haematology 
laboratories.28 Plasma viscosity is 
renowned as a quick, inexpensive, non-
specific test, but also capable of being a 
more accurate and useful screening test. 
The viscosity of plasma is determined by 
the concentration and size of proteins 
in the blood which increases as part of 
the body’s normal response to infection, 
inflammation, and due to the effects of 
traumatic injury.29

The PV normal reference range for 

individuals aged three years and above 
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 a minor 
variation in a patients PV of 0.05 mPa.s is 
deemed to have clinical significance.30

Plasma viscosity is widely used by 
scientists and clinicians in diagnosing 
and monitoring a host of complex clinical 
conditions. Most commonly:29

n  �Polymyalgia rheumatica
n  �Rheumatoid arthritis
n  �Temporal arteritis
n  �Hyperviscosity syndrome
n  �COVID-19
n  �Multiple myeloma
n  �Waldenström’s macroglobulinemia
n  �Cardiovascular disease
n  �Diabetes
n  �Vascular dementia
n  �Alzheimer’s disease
n  �Sepsis.

Based on scientific studies, the plasma 
viscosity test is a robust and reliable 
tool that provides valuable insight into 
a patient’s health, particularly in relation 
to inflammatory and haematological 
conditions.31

The PV test has advantages in terms of 
stability, direct measurement, and minimal 
external factor interference. This makes it 
a superior choice in detection of elevated 
proteins and also abnormal paraproteins 
in many clinical scenarios. Therefore, 
the PV test is far more valid, accurate 
and sensitive than the C-reactive protein 
(CRP), and erythrocyte sedimentation rate 
(ESR) tests.

Conclusions
Plasma viscosity test results are reliable, 
repeatable, and reproducible. The 
benefits and rewards of PV testing are 
substantial, for clinical services and for the 
patient’s clinical outcome.

Plasma viscosity measurement can 
add useful information in the diagnosis 
and treatment of various disorders. Most 
notably in the diagnosis and treatment 
of long COVID, when used to detect 
the continuing and active pattern of 
inflammatory proteins in the blood. 
Therefore, it is recommended that the 
plasma viscosity test should be exploited 
and utilised more frequently in clinical 
practice.				       
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patients who present with symptoms of COVID-19. 
There have been no other reported laboratory tests 
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Plasma viscosity testing for 
COVID-19
The association between COVID-19 and 
PV has been demonstrated in a 2020 
article in The Lancet.21 This research was 
carried out on 15 critically ill patients, and 
all were found to have a PV “exceeding 
the normal reference range, with results 
varying from 1.9 - 4.2 mPa.s” reported 
at 25°C. Most importantly the research 
indicates a correlation between blood 
hyperviscosity, and the likelihood of 
thrombosis as well as the severity of 
disease in individuals diagnosed with 

COVID-19.22 This suggests that increased 
plasma viscosity could play a role in 
causing endothelial injury and multiorgan 
failure in patients with COVID-19.

The article published in the Lancet by 
Maier et al., (2020) highlighted that the 
additional research is needed to assess 
which plasma components, including 
acute phase proteins like fibrinogen, play 
a role in the hyperviscosity associated 
with COVID-19. This research, even in 
isolation, is certainly convincing evidence 
that there is an association between 
COVID-19 and elevated PV.

The concentration of plasma 
fibrinogen is a key determinant of 
plasma viscosity.23 Therefore, studies into 
fibrinogen levels in COVID-19 patients 
are significant. The article published 
in The Lancet discusses how ‘mean 
fibrinogen concentrations in patients 
with COVID-19 are at the upper limits 
of normal, presumably as an acute 
phase response’. Another example is 
from the research by Han et al., which 
involved a study of 40 control subjects 
and 94 patients who tested positive for 
COVID-19.24 The findings indicated that 
the fibrinogen levels in the COVID-19 
positive patients were significantly 
elevated compared to the healthy 
control group.

The viscosity of plasma is determined 
not only by the protein concentration but 
more importantly by molecular symmetry 
and molecular weight.

For example, albumin with the 
greatest concentration of proteins with 
a molecular length and diameter ratio 

of approximately 2:1 has relatively little 
effect on viscosity. However, fibrinogen 
with a much lower concentration has a 
considerable effect on viscosity. This is 
due to fibrinogen having a length and 
diameter ratio of approximately 18:1 and 
higher molecular weight compared to 
albumin.25

Therefore, the increased fibrinogen in 
COVID-19 patients has a significant effect 
on delivering a high plasma viscosity 
(PV). The clinical progress and outcome 
of a COVID-19 infection is extremely 
variable and was particularly evident 
prior to the rollout of the vaccines, so the 
importance of progress predictability is 
very significant.

At Addenbrooke’s hospital, clinical 
research was conducted by Gleghorn et 
al., (2021) to demonstrate the diagnostic 
potential of PV testing for individuals 
suspected of having COVID-19.26 A total 
of 395 suspected COVID-19 patient 
samples were examined from April to 
May 2020. Among these, 224 (56.7%), 
patients tested negative for COVID-19 
using a PCR test. While 171 (43.3%) 
patients tested positive. All 395 patients 
also had a plasma viscosity test.

A significant difference in plasma 
viscosity levels was observed when 
comparing COVID-19 negative patients 
to those who tested positive. COVID-19 
negative individuals exhibited a normal 
plasma viscosity, averaging 1.62 mPa.s at 
25°C, whereas COVID-positive patients 
had a high plasma viscosity, with an 
average of 2.00 mPa.s. The analysis of 
plasma viscosity was conducted utilising 
the fully automated BV200 Clinical 
Viscometer.27

Additionally, the study revealed 
a notably high predictive value for 
differentiating between high-risk and 
low-risk patients when utilising PV as the 
‘primary marker’.

The PV results also suggest that the 
level at which inpatient admission is 
required can be directly correlated with 
the degree of increase in plasma viscosity 

Less likely to get long COVID	 More likely to get long COVID

No pre-existing conditions	 Pre-existing conditions

Male	 Female

Affluent	 Deprived

Initial illness asymptomatic	 Initial illness multisymptomatic

Less sick (or asymptomatic) 	 More sick (perhaps hospitalised) illness 
in the initial COVID-19 illness	 during the initial COVID-19

Fully vaccinated and boosted	 Unvaccinated or under-vaccinated

Was able to rest during initial illness	 Was unable to rest during initial illness

Antivirals given promptly during initial illness	 No antivirals given during initial illness

No reinfection	 Recurrent COVID-19 infections	

Table 2. Risk factors for long COVID.11

Five years on from the pandemic there has been 
relatively little published work regarding a universally 
accepted clinical biomarker for the identification, 
detection or monitoring of long COVID patients
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Factors	 ESR	 CRP	 PV

Normal range is consistent across different ages and genders	 7	 3	 3

Unaffected by physiological stimuli: lifestyle, smoking, weight, blood pressure	 7	 7	 3

Anaemia and polycythaemia do not interfere with the result	 7	 3	 3

Testing can be performed on a sample up to seven days old	 7	 7	 3

Asprin and steroids have no effect on the result	 7	 3	 3

Can be a diagnostic test for: Multiple myeloma, hyperviscosity,	 7	 7	 3 
temporal arteritis and Waldenström’s macroglobulinemia

Reliable, repeatable and reproducible test results	 7	 7	 3

Table 3. ESR, CRP and PV comparison.


