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 Patient: Male, 39-year-old
 Final Diagnosis: SARS-CoV-2
 Symptoms:	 Fatigue	•	dyspnea	•	fever
 Medication:	 Dexamethasone	•	heparin
 Clinical Procedure: C-reactive protein apheresis
 Specialty: Immunology

 Objective: Unusual clinical course
 Background: High C-reactive protein (CRP) plasma levels in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

infection are associated with poor prognosis. CRP, by activating the classical complement pathway and inter-
acting with macrophages via Fc gamma receptors, can cause pulmonary inflammation with subsequent fibro-
sis. Recently, we have reported first-in-man CRP apheresis in a “high-risk” COVID-19 patient. Treatment was 
unfortunately clinically unsuccessful. Here, we report on successful CRP apheresis treatment in a “lower-risk” 
COVID-19 patient with respiratory failure.

 Case Report: A 39-year-old male patient suffering from fatigue, dyspnea, and fever for 4 days was referred to us. The pa-
tient had to be intubated. Polymerase chain reaction (PCR) analysis of a throat smear revealed SARS-CoV-2 
infection. Mutation analysis revealed the VOC B. 1.1.7 variant. CRP levels were 79.2 mg/L and increased to 
161.63 mg/L. Procalcitonin (PCT) levels were continuously normal (<0.5 ng/ml). Antibiotic therapy was start-
ed to avoid bacterial superinfection. CRP apheresis was performed once via central venous access. CRP levels 
declined from a maximum of 161.63 mg/L to 32.58 mg/L. No apheresis-associated adverse effects were ob-
served. Subsequently, CRP plasma levels declined day by day and normalized on day 5. The patient was extu-
bated on day 5 and discharged from the Intensive Care Unit (ICU) on day 6. A second low CRP peak (maximum 
22.41 mg/L) on day 7 remained clinically inapparent. The patient was discharged in good clinical condition with 
a CRP level of 6.94 mg/L on day 8.

 Conclusions: SARS-CoV-2 infection can induce an uncontrolled CRP-mediated autoimmune response of ancient immuni-
ty. In this patient, the autoimmune response was potently and successfully suppressed by early selective CRP 
apheresis.
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Background

C-reactive protein (CRP), the typical human acute-phase pro-
tein, was probably the first antibody-like molecule in the evo-
lution of the immune system [1]. Evolutionarily, CRP appeared 
earlier than antibodies and was, for example, already expressed 
in ancient Limulus polyphemes [2]. CRP partly utilizes the same 
biological structures: like antibodies, the molecule activates 
complement via C1q [3] and opsonizes biological particles via 
Fc gamma receptors [4-6]. CRP may be considered as an ata-
vism in the human immune system [1]. For human medicine, 
it is important to note that CRP, like antibodies, can cause (se-
vere) autoimmune reactions in various human diseases [1,7-10].

Based on these observations, we hypothesized in 2020 that 
CRP, in SARS-CoV-2 infection, can induce an uncontrolled CRP-
mediated autoimmune response of ancient immunity [9,11]. 
In other words, CRP may be a central effector molecule in this 
potentially life-threatening disease. This scientific hypothe-
sis is supported (but certainly not proven) by the established 
strong association between high CRP levels and poor progno-
sis in COVID-19 disease [12]. Subsequently, other authors have 
speculated on a causal connection [13].

The only way to prove or disprove such a hypothesis may be 
to use selective CRP inhibitors in controlled clinical trials [14]. 
To date, CRP apheresis [15,19] is the only effective (and legal-
ly approved) method to selectively eliminate CRP from human 
plasma. In 2020, we performed the first-in-man CRP apheresis 
in COVID-19 disease, in a “high-risk” (72-year-old, multimorbid, 
advanced-stage) patient [11]. Although we observed promis-
ing signals, treatment was (for various reasons discussed in 
the original report [11]) clinically unsuccessful.

Here, we report on the second COVID-19 patient we treated 
by CRP apheresis. This time, we have successfully treated a 
“lower-risk” (39-year-old, moderately hypertensive, early-stage) 
COVID-19 patient with respiratory failure.

Case Report

A 39-year-old man suffering from cough, breathlessness, 
and fever for 4 days was referred to the Emergency Unit of 
Immenstadt Hospital, Clinic Association Allgaeu, Germany. His 
history of concomitant diseases only included moderate arte-
rial hypertension. Rapid antigen testing revealed SARS-CoV-2 
positivity. Arterial oxygen saturation (SO2) at admission was 
88% with 10 L/min oxygen supply. Laboratory tests showed 
increased CRP plasma levels (79.2 mg/L, reference range 
0.00-5.00 mg/L), but no leukocytosis; instead, there was lym-
phopenia of 14.9% (reference range 17-47%). Imaging, in-
cluding chest X-ray and thoracic computed tomography (CT), 

revealed typical streaky infiltrates on both sides (Figure 1). 
D-dimers were slightly elevated (0.93 µg/mL, reference range 
0.00-0.50 µg/mL). Pulmonary embolism, however, was defin-
itively excluded by CT angiography.

A

B

Figure 1.  Supine chest X-ray immediately after intubation and 
computed tomography (axial/coronal) on admission 
(A, B) showing typical bilateral infiltrates and 
beginning of fibrosing alveolitis (black arrows).
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Three sequential blood cultures taken over the following days 
revealed 1 positive culture only (Micrococcus luteus, con-
sidered as contamination). PCR analysis of a throat smear 
for SARS-CoV-2 was initiated. High-flow oxygen therapy 
(HFOT)/80%O2 and non-invasive ventilation (NIV)/70%O2 
achieved a PaO2 of 60% only. The patient was rapidly trans-
ferred to the ICU and intubated. PCR results revealed SARS-
CoV-2 positivity. Mutation analysis of combined deletion 
H69-V70 and mutation N501Y revealed the VOC B. 1.1.7 vari-
ant. Empiric antibiotic therapy with piperacillin/tazobactam 
was started immediately after transfer to the ICU on day 0 to 
avoid bacterial superinfection.

A sharp increase in CRP plasma levels over the next day and 
continuous respiratory worsening led us to start CRP aphere-
sis in addition to continuous standard therapy for SARS-CoV-2 
infection. The latter included lung-protective ventilation with 
low tidal volumes, best positive end-expiratory pressure (after 
PEEP-trial), i.v. dexamethasone 6 mg/d, anti-coagulation with 
heparin, intermittent prone positioning of 16 to 20 h, and, fi-
nally, antibiotic treatment to avoid potential bacterial super-
infection. Written informed consent for CRP apheresis was 
obtained from the patient`s relatives after a detailed informa-
tive discussion. Discussion with the Ethics Committee of Ulm 
University had been conducted previously [11].

Figure 2.  (A) CRP levels (reference range 0.00-5.00 mg/L) during the course of the patient’s hospital stay. CRP levels were elevated on 
admission (79.2 mg/L) and sharply increased on day 2 (maximum 161.63 mg/L). Due to CRP apheresis (light red columns) via 
central venous access, CRP levels markedly dropped and further declined later on. A second low CRP peak (22.41 mg/L) on 
day 7 remained clinically inapparent. (B) PCT levels (reference range <0.5 ng/mL) remained normal during the hospital stay.
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Figure 3.  (A) CRP apheresis (light red column) and course of CK/CK-MB and LDH plasma levels. Only CK slightly increased, likely due 
to positioning of the patient (muscular CK). In contrast, CK-MB levels remained normal. (B) CRP apheresis (light red column), 
bilirubine, international normalized ratio (INR), and creatinine levels. Normal values for each parameter.
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CRP apheresis [15,19] was started via Shaldon catheter [11] to 
allow easy change from dorsal to ventral patient position 50 h 
after admission. His acute respiratory distress syndrome (ARDS) 
category [16] changed from severe (PaO2/FIO2 £100 mmHg) to 
moderate (PaO2/FIO2 £200 mmHg) after intubation and ven-
tral positioning, and then worsened during CRP apheresis due 
to dorsal positioning. After CRP apheresis, Horovitz quotient, 
independent from dorsal or ventral positioning, significantly 
improved until extubation and hospital discharge. In 1 apher-
esis session only, ³7500 mL plasma was treated. CRP plasma 
levels and other laboratory results during his hospital stay are 
depicted in Figures 2-4. CRP apheresis efficiently reduced CRP 
plasma levels (Figure 2) from a maximum of 161.63 mg/L to 
32.58 mg/L. Interestingly, CRP levels did not rise again after 
this first treatment, and instead declined to normal values. 
Other laboratory parameters, including creatinine and biliru-
bine plasma levels, l-lactate-dehydrogenase (LDH), and cre-
atinine-kinase (CK), only slightly increased or remained con-
stant (CK-MB) (Figure 3). Sequential Organ Failure Assessment 
(SOFA) score [17] – creatinine (reference range 0.7-1.2 mg/dL), 
platelet count (reference range 146 000-328 000) and biliru-
bine (reference range <1.2 mg/dL) – remained normal until 
extubation and ICU discharge. Respiratory parameters mark-
edly and quickly improved (Figure 4). Extracorporeal mem-
brane oxygenation was not necessary. The patient was extu-
bated on day 5 after admission and was discharged from the 
ICU on day 6. A second low CRP peak (22.41 mg/L) on day 7, 
as reported by others (Esposito F, personal communications), 
remained clinically inapparent. Control imaging in this young 
man, if clinically necessary, was recommended in the outpa-
tient setting. He was discharged from our hospital in good clin-
ical condition on day 8 after admission.

Discussion

Although CRP has been known since 1930 [18], its role in the 
human immune system remains enigmatic. Increasing evi-
dence, however, suggests that CRP is probably the first anti-
body-like molecule in the evolution of the immune system in 
general and may be an atavism in the immune system of hu-
mans in particular [1]. Assuming that CRP, in COVID-19 disease, 
can trigger a fulminant autoimmune reaction by CRP-mediated 
complement and macrophage activation [9-12], we have now 
treated a “lower-risk” COVID-19 patient with respiratory failure 
and sharply rising CRP plasma levels by selective and efficient 
CRP apheresis [11,15,19] through central venous access [11].

Of course, our patient received optimized standard therapy ac-
cording to the latest medical recommendations. When we ob-
served clinical worsening, we discussed selective CRP apheresis 
as a bail-out therapy and achieved consensus with his fami-
ly. Due to successful treatment of cases reported in the me-
dia, and due to our long-standing experience with selective 
CRP apheresis in clinical trials and due to the lack of alterna-
tive therapies [11], we finally made the decision to treat our 
young patient with this novel technology.

SARS-CoV-2 is still a viral infection with high lethality [20-23]. 
A poorly understood autoimmune response with early and ag-
gressive lung injury and consecutive ARDS seems to be inti-
mately involved in this high lethality. In patients with a poor 
outcome, CRP levels are usually strongly elevated and are as-
sociated with poor prognosis. In contrast, procalcitonin levels 
are usually not elevated (as was the case in our patient) or are 
rather moderately elevated, indicating that bacterial or fungal 
superinfection is not present in the early stages of the disease.

Figure 4.  (A) CRP apheresis (light red column) and course of Horovitz quotient [16]. Horovitz quotient changed from severe (PaO2/FIO2 
£100 mmHg) to moderate (PaO2/FIO2 £200 mmHg) after intubation and ventral positioning, then worsened during CRP 
apheresis due to dorsal positioning. After CRP apheresis, however, Horovitz quotient, independent from dorsal or ventral 
positioning, significantly improved until extubation and hospital discharge. (B) CRP apheresis (light red column) and course 
of lactate (reference range 0.5-1.6 mmol/L). Lactate remained normal during the hospital stay.
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These clinical observations lead to the intriguing question of 
whether the virus itself or an inadequate, uncontrolled im-
mune response of the ancient immune system (CRP, comple-
ment, macrophages) triggered by alveolar hypoxia is the real 
cause of the fatal clinical course in some patients [9-11,13]. 
Lowering CRP plasma levels may thus be the key step to avoid 
immunological self-destruction of the lungs and multi-organ 
failure. Selective CRP apheresis may be the method of choice 
to reach this target. In fact, this case report on CRP aphere-
sis in a “lower-risk” COVID-19 patient with respiratory failure 
further supports our hypothesis for 2 reasons: (1) CRP apher-
esis in the phase of sharp CRP rise was able to effectively and 
permanently reduce CRP plasma levels in this patient, and (2) 
CRP reduction was accompanied by marked clinical improve-
ment, early extubation, and relatively short hospital stay of 
our patient.

COVID-19 mortality is known to depend on comorbidi-
ties [12,21-23]. In comparison to our first-in-man case report 
on CRP apheresis in COVID-19 disease [11], we have now treat-
ed a younger patient with fewer comorbidities. Although the 
current patient was infected with the B. 1.1.7 variant (consid-
ered as being more infectious and potentially more lethal [23]), 
he definitely suffered from fewer comorbidities than our first 
patient [11]. Also, he was much younger (39 vs 72 years]. For 
these reasons, we have clinically rated him as a “lower-risk” 
COVID-19 patient. The latter may be important for the design 
of randomized clinical trials, as inclusion of “high-risk” patients 
could negatively influence the results. Certainly, his younger 
age and accompanying improved standard therapy may have 
caused a better outcome. However, the ultimate reason for 
this favorable outcome may have been the use of early CRP 
apheresis in combination with fewer comorbidities and im-
proved standard therapy. Perhaps, this early CRP apheresis in 
the phase of sharp CRP rise suppressed the excessive auto-
immune response of the ancient immune system, which may 
be the real cause of the respiratory failure, multi-organ fail-
ure, and death in COVID-19 patients.

In conclusion, this case report underlines the urgent need for 
a randomized, controlled, multicenter trial comparing CRP 
apheresis treatment plus standard treatment to standard 
treatment alone. The latter has been initiated and can mark-
edly improve outcomes in COVID-19 patients with respirato-
ry failure and provide deep and fascinating insights into the 
role of ancient immunity in humans (https://clinicaltrials.gov/
ct2/show/NCT04898062).

Conclusions

SARS-CoV-2 can cause multi-organ failure by triggering an un-
controlled CRP-mediated autoimmune response of ancient im-
munity. CRP apheresis in the early phase of CRP increase and 
respiratory worsening may be an effective treatment for pa-
tients severely threatened by SARS-CoV-2 infection.
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