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COULD COVID-19 BE A HEMOGLOBINOPATHY?
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SUMMARY – The world is struggling to deal with the corona pandemic. Effective therapies are 
still awaited due to the lack of understanding of the pathophysiological mechanism of the disease. 
Bearing recent research and clinical observations in mind, the authors propose a novel physiological 
mechanism of COVID-19 and explain development of COVID-19 related acute respiratory distress 
syndrome (ARDS) secondary to COVID-19 related hemoglobinopathy. It is a consistent observation 
that the radiological picture of COVID-19 related ARDS bears more resemblance to high altitude 
pulmonary edema (HAPE) than typical ARDS. There has been great controversy regarding this pro-
posed similarity. The main argument from those objecting to this comparison is that the etiology is 
hypoxia in case of HAPE and inflammation in COVID-19 related ARDS. We propose that consider-
ing the recent bioinformatics prediction models, COVID-19 might first infect red blood cells via 
CD147 and cause hemoglobin damage. The resulting hypoxemia may cause pulmonary hypoxic vaso-
constriction leading to HAPE-like lung lesions. The now introduced alveolar hypoxia further exagger-
ates hemoglobinopathy hypoxemia leading to a vicious cycle. In this review, the authors recommend 
laboratory experiments to prove these hypotheses. The proposed physiological mechanism has signifi-
cant therapeutic implications. If proven, the authors suggest the use of exchange transfusion as adjunct 
therapy and development of anti-CD147 drugs.
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Introduction

Coronavirus disease 2019 (COVID-19) is a global 
pandemic caused by a novel coronavirus 2 (SARS-
CoV-2). The most common presentation is respiratory 
disease ranging from mild flu-like illness to severe 
pneumonia, but a significant number of patients de-
velop septic shock and multiple organ failure1. The 
causative agent is the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), which was first 
identified in China but rapidly spread by human-to-
human transmission to the rest of the world. Each day, 
the number of cases and deaths rise. The struggle for 
effective treatment is hindered by the lack of under-

standing of the pathophysiology of this newly emerged 
viral disease2.

The illness ranges from mild flu-like symptoms to 
severe acute respiratory distress syndrome (ARDS). 
Other organ involvements have not been reported fre-
quently. Once the patient reaches the stage of ARDS, 
they are likely to be admitted to the intensive care unit 
(ICU) and the risk of mortality rises sharply3. How-
ever, ARDS caused by this disease is not typical. It has 
been observed that there are significant differences be-
tween COVID-19 related ARDS and typical ARDS. 
Clinical symptoms are inconsistently milder compared 
with the severity of laboratory and imaging findings4. 
According to the ARDS Berlin Criteria, for a patient 
to be diagnosed as having ARDS, the onset must be 
within 1 week of the symptom onset5. In contrast, 
COVID-19 induced ARDS occurs after 8-12 days. 
Computed tomography (CT) findings of COVID-19 
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related ARDS also diverge from the typical picture. In 
acute phase of typical ARDS, CT scan shows dense 
consolidation in the most dependent regions, and 
ground-glass appearance in the non-dependent re-
gions of the lung. In COVID-19, CT scans show mul-
tifocal bilateral patchy shadows along with either 
ground-glass opacities and/or consolidation in some 
cases6. Furthermore, lung compliance is not reduced 
and oxygenation index does not correlate with disease 
severity as in typical ARDS4. Another queer charac-
teristic of COVID-19 patients is the phenomenon of 
‘silent hypoxemia’, where despite low levels of PO2 and 
hemoglobin oxygen saturation (SO2), the patient does 
not exhibit signs of respiratory distress7. It has been 
proposed that this might be due to failure of the body’s 
homeostatic O2-sensing system (HOSS), such as de-
fect of peripheral chemoreceptors8. Indeed, it has been 
shown that angiotensin converting enzyme 2 (ACE2) 
receptors are expressed on the cells of the carotid 
body9, and COVID-19 can theoretically infect the ca-
rotid bodies. Furthermore, carotid body sensitivity to 
hypoxemia, in many subjects, is determined by accom-
panying hypercapnia10,11, which is not seen in COV-
ID-19 patients7. It is conceivable that the body’s abil-
ity to detect hypoxemia may be compromised. This 
evidence suggests that the ARDS of COVID-19 dif-
fers significantly from typical ARDS.

Liu and Li have recently demonstrated via bioin-
formatics prediction analyses that SARS-CoV-2 can 
attack the beta chain of hemoglobin. They also propose 
that the product of open reading frame 8 (ORF8) 
binds to the porphyrin of heme and displaces iron12. It 
has further been shown that CD147, the surface anti-
gen of red blood cells (RBCs) determining the OK 
blood group13, is the receptor on RBCs which grants 
access to the COVID-19 virus into the red cell14. 
CD147 has been previously implicated in facilitating 
cyto-invasion of other viruses including HIV15, mea-
sles virus16, SARS-CoV virus17, several bacteria such as 
Listeria monocytogenes18, and even protozoans such as 
Plasmodium falciparum which causes malaria19.

The authors propose that after gaining entry into 
the RBCs, viral proteins bind the beta chains of hemo-
globin, produce a change in molecular configuration of 
the porphyrin ring and reduce the affinity of hemoglo-
bin for O2

12. This phenomenon can conceivably pro-
duce false readings of O2 saturation by pulse oximetry, 
similar to the scenario of carbon monoxide (CO) poi-

soning. The readers are reminded that in CO poisoning, 
the CO molecule competes with O2 on the hemoglobin 
binding sites. It displaces oxygen from the porphyrin 
rings, but produces a change in molecular configuration 
similar to oxyhemoglobin. The pulse oximeter used in 
clinical practice does not directly measure the amount 
of oxygen bound to hemoglobin, rather it estimates the 
O2 saturation, by measuring light absorbance through a 
well perfused organ such as earlobe or finger. Since 
light absorbance changes are determined by molecular 
conformation of the hemoglobin molecule, and factors 
other than O2 can bind to hemoglobin and produce 
similar conformational changes, the pulse oximeter 
may show a falsely higher saturation. As an example, 
when there is 70% carboxyhemoglobin (COHb) and 
actual O2 saturation is only 30%, pulse oximeter will 
still measure 90% of hemoglobin saturation with oxy-
gen20. Thus, if hemoglobin has been damaged or altered 
in some way as a result of the viral protein binding the 
polypeptide chains of the molecule, it may be that SO2 
reading might not depict the true picture of decreased 
oxygen content of the blood. The authors propose that 
this might be the situation in the early stage of the dis-
ease before involvement of the lungs. As to why this 
reduced oxygen content of the blood does not produce 
dyspnea, it may be related to the physiological mecha-
nism of peripheral chemoreceptors, as explained below. 
In the early stage of the disease, prior to lung involve-
ment, PO2, which is determined by dissolved oxygen, 
remains normal. It has long been known that even after 
50% of hemoglobin is replaced with carboxyhemoglo-
bin, the ventilation does not change. This is because it is 
the dissolved O2 and not the total oxygen content of the 
blood, which is sensed by peripheral chemoreceptors21. 
Therefore, the sensation of dyspnea would not be pro-
duced if hemoglobin saturation has been reduced due 
to viral infection as proposed above.

The radiographic resemblance of ARDS of COV-
ID-19 with high altitude pulmonary embolism (HAPE) 
has been a consistent observation and a matter of some 
controversy recently. Some researchers notice similar ra-
diographic presentation of HAPE and COVID-19 re-
lated ARDS and go as far as to propose the use of acet-
azolamide and nifedipine, which are used in the man-
agement of HAPE as adjuvant therapies22-24. Others 
have come out vehemently challenging these ideas4,8,25-27. 
The main points put forth by those raising objections to 
the comparison of HAPE with COVID-19 related 
ARDS are as follows: first, it is argued that lung injury 
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in COVID-19 related ARDS is due to inflammation, 
not hypoxia. Secondly, it is argued that therapeutic 
management of HAPE is likely to harm COVID-19 
patients. While we agree that caution needs to be exer-
cised with regards to novel medication, we propose that 
chronic inflammation may not be the primary cause of 
lung injury in COVID-19 related ARDS. HAPE is 
caused by extreme hypoxic pulmonary vasoconstriction 
in response to low atmospheric O2 at high altitudes. 
Pulmonary artery pressure rises in areas of vasoconstric-
tion, and blood is redirected to other areas of pulmonary 
vasculature leading to increased pulmonary capillary hy-
drostatic pressure, leakage and patchy consolidation28. 
We propose that hypoxemia resulting from damaged 
hemoglobin would tend to produce hypoxic pulmonary 
vasoconstriction in the absence of alveolar hypoxia, 
leading to lung damage similar to HAPE. Figure 1 ex-
plains our hypothesis further.

The above cited model of RBC infection, hemoglo-
bin dysfunction, reduced O2 content, pulmonary hy-
poxic vasoconstriction leading to HAPE like lung 
damage is not that far off. Plasmodium falciparum en-
ters RBC using same receptor CD14719, attacks he-
moglobin29, causes right shift in the Hb-dissociation 
curve30, and in severe cases can cause ARDS like lung 
pathology in up to 25% of malaria patients31.

Testing the Hypothesis

A simple experiment may be conducted to demon-
strate that blood which the pulse oximeter shows to be 

saturated, might in fact contain deoxyhemoglobin 
which has assumed relaxed molecular configuration20, 
possibly due to attachment of viral proteins as sug-
gested by bioinformatics modeling12.

Blood may be taken from a COVID-19 patient 
showing a certain level of saturation, say 90%. At the 
same time, 90% saturated blood may be taken from 
another healthy individual with matched hemoglobin 
concentration. These blood samples can be exposed to 
high concentration of carbon monoxide or sodium di-
thionite32 in a closed chamber which also accommo-
dates an oxygen sensor. These chemicals have high af-
finity for hemoglobin and tend to cause detachment of 
O2 from the Fe of porphyrin rings. After adequate ex-
posure, the amount of oxygen released from COV-
ID-19 patient’s blood should be substantially lower 
than that of the healthy subject’s blood. The experi-
ment may be repeated several times for statistical ac-
curacy. This simple experiment can help detect defec-
tive RBCs, meaning RBCs which pulse oximeter is 
falsely showing to be adequately saturated with O2. 
Such patients can be candidates for exchange therapy 
in addition to routine corona management. A further 
future direction may be development of a pulse oxim-
eter to sense the wavelength of light reflected by he-
moglobin bound to viral protein in a manner similar to 
the development of Pulse CO-Oximeter33.

Conclusions and Implications for Therapy

Even though direct evidence from wet lab is not 
available as yet, it is still critical that this mechanism in 
the pathophysiology of COVID-19 be considered and 
further investigated. If the total O2 content is reduced 
because of hemoglobinopathy and pulse oximeter 
readings are not reliable, giving more oxygen to the 
patient will not prove effective at all. An effective treat-
ment in this scenario could be exchange transfusion, 
which would replace defective infected RBCs with 
healthy ones. As a matter of fact, this was proposed as 
an adjunct therapy for severe malaria by several re-
searchers in the 1990s34-37, before the Center for Dis-
ease Control (CDC) withdrew the recommendation 
in favor of more effective drug therapies38. Further-
more, considering the similarities between malaria and 
COVID-19, it may perhaps be prudent to reconsider 
trials of hydroxychloroquine, and assess if benefits out-
weigh the risks. Finally, drugs such as Meclizumab, 

Fig. 1. Proposed pathophysiological mechanism  
for COVID-19: hemoglobinopathy related hypoxemia 
leads to secondary pulmonary involvement. However,  
as lungs get involved, alveolar hypoxia contributes  
further to hypoxemia leading to a vicious cycle  
of oxygen deprivation in the body.
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which block CD147 and may prevent infection of the 
cells by the coronavirus, may be considered for further 
randomized control trials. This has already been sug-
gested by several researchers39,40.

The current pandemic has presented the medical 
community with a unique conundrum of trying to de-
velop therapies for a disease the pathophysiology of 
which is being uncovered in real time. In this context, 
the authors believe there is sufficient evidence to at 
least focus research, and eventually design therapies on 
the premise that COVID-19 may primarily be a he-
moglobinopathy with pulmonary involvement as a 
secondary phenomenon.
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Sažetak

BI LI COVID-19 MOGLA BITI HEMOGLOBINOPATIJA?

T. Ahmed Shakoori, M. Mansoor Hafeez i A. Malik

Cijeli svijet se bori kako bi svladao pandemiju koronavirusa. Patofiziološki mehanizam ove bolesti i dalje je nepoznat, što 
znači da se učinkoviti lijekovi tek očekuju. Vodeći računa o novijim istraživanjima i kliničkim zapažanjima, autori predlažu 
novi fiziološki mehanizam bolesti COVID-19 i objašnjavaju razvoj sindroma akutnog respiracijskog distresa (ARDS) nakon 
hemoglobinopatije povezane s COVID-19. Dosljedno se bilježi da radiološka slika hemoglobinopatije povezane s COVID-19 
ima više sličnosti s visinskim plućnim edemom (HAPE) negoli s tipičnim ARDS. Ova sličnost izaziva velika proturječja. 
Glavni argument onih koji se protive ovoj usporedbi jest da je etiologija kod HAPE hipoksija, a kod ARDS povezanog s 
COVID-19 je to upala. Mi pretpostavljamo da bi, uzimajući u obzir novije bioinformatičke modele predviđanja, COVID-19 
mogao najprije zaraziti eritrocite putem CD147 i uzrokovati oštećenje hemoglobina. Tako nastala hipoksemija može uzroko-
vati plućnu hipoksičnu vazokonstrikciju, što onda dovodi do oštećenja pluća sličnih HAPE. Tako uvedena alveolarna hipoksi-
ja dalje pogoršava hipoksemiju hemoglobinopatije i stvara se začarani krug. U ovom pregledu autori preporučuju laboratorijske 
eksperimente kako bi se dokazale ove hipoteze. Predloženi fiziološki mehanizam ima značajne terapijske implikacije. Ako se 
dokaže, autori predlažu primjenu izmjenske transfuzije kao dopunske terapije i razvoj lijekova protiv CD147. 

Ključne riječi: COVID-19; Visinska plućna embolija; Visinski plućni edem, patofiziologija; Sindrom akutnog respiracijskog 
distresa; CD147


