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Purpose: The characteristics of patients with severe COVID-19 pneumonia who underwent direct hemoperfusion using polymyxin
B-immobilized fiber column (PMX-DHP), in addition to steroids and immunomodulators, remain unclear.

Patients and Methods: We conducted a retrospective observational study on 31 patients with severe COVID-19 pneumonia treated with
PMX-DHP in an intensive care unit (ICU) from December 2020 to September 2021.

Results: Outcomes 28 days after admission to the ICU were 20 in the survival group and 11 in the death group. Parameters significantly
different between the survival and death group before PMX-DHP were percentage of invasive mechanical ventilation (25% vs 72.7%, P =
0.0209), PaO,/F;0, (P/F) ratio (104.5 vs 75, P = 0.0317), and sequential organ failure assessment (SOFA) score (2 vs 3, P = 0.0356).
Invasive mechanical ventilation avoidance rate was significantly different between the survival (100%) and death group (0%) (P = 0.0012).
P/F ratio, respiratory ratio (RR), and lymphocyte counts improved significantly after PMX-DHP for all patients. The lymphocyte counts
changed significantly in the survival (P < 0.0001), but not the death group (P = 0.7927).

Conclusion: PMX-DHP, in addition to steroids and immunomodulators, may improve oxygenation and alleviate tachypnea by
modulating the lymphocyte numbers and levels of various mediator against severe COVID-19 pneumonia. It may be better to perform
PMX-DHP before multi organ dysfunction and lung injury has progressed. Furthermore, the early increase in lymphocyte counts after
PMX-DHP might be an indicate a positive outcome.
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Introduction

A worldwide pandemic of the Coronavirus disease (COVID-19) started in 2019, with many deaths from severe
pneumonia.’ Patients with severe COVID-19 patients in intensive care units (ICU) often need ventilator management,”
which results in long stays in the ICU, and a shortage of ICU beds becomes a serious problem. Systemic inflammation
involving high levels of various cytokines, cytokine storms, might be associated in the mechanism underlying the
aggravation of COVID-19.> Therefore, inhibition of cytokine activity may aid the recovery from severe COVID-19. At
present, steroids are often used for systemic inflammation during COVID-19 pneumonia.* Additionally, immunomodu-
lators, such an interleukin (IL)-6 receptor blockade (tocilizumab and sarilumab)’ and Janus kinase (JAK) inhibitors
(baricitinib),’ may be effective against severe COVID-19 pneumonia. However, even if these immunomodulators are
administered, ventilator management is needed; sometimes, this leads to fatal outcomes. Therefore, further treatment

options are needed for severe COVID-19 pneumonia.
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Direct hemoperfusion using polymyxin B-immobilized fiber column (PMX-DHP) is a blood purification therapy used
to treat septic shock and peritonitis.”* The main mechanism of action of PMX-DHP is endotoxin adsorption. In addition,
another supposed mechanism underlying its action is its ability to change the leukocyte ratio in various manners, such as
by increasing the lymphocyte numbers, decreasing the regulatory T cell ratio,” and removing monocytes.' PMX-DHP
therapy may improve acute respiratory diseases, such as rapidly progressive interstitial pneumonia'' and acute exacer-
bation of idiopathic pulmonary fibrosis,'* by suppressing the activity of mediators, including various cytokines. Severe
COVID-19 pneumonia causes pulmonary fibrosis.'*'* Therefore, PMX-DHP therapy may be effective for severe
COVID-19 pneumonia. However, there are only a few case reports regarding the treatment of severe COVID-19
pneumonia using PMX-DHP.">"!” The characteristics of patients with severe COVID-19 pneumonia that were treated
using PMX-DHP and the patient characteristics that are supportive of recovery remain unclear.

We performed an observational study to explore the overall characteristics of patients who underwent PMX-DHP
treatment for severe COVID-19 pneumonia.

Materials and Methods

We conducted a retrospective observational study at the Nihon University Itabashi Hospital, Tokyo. All patients in this
study were admitted to the ICU from December 2020 to September 2021 and were diagnosed with severe COVID-19
pneumonia by positive SARS-CoV-2 real-time reverse transcription-polymerase chain reaction (RT-PCR) and pneumonia
on chest X-ray or chest computerized tomography (CT). Severe COVID-19 was defined as a P/F ratio under 200 with
respiratory support (use of an oxygen mask with a reservoir, high-flow nasal cannula (HFNC), or invasive mechanical
ventilation) and ICU admission. All patients included in the study underwent PMX-DHP during ICU admission. Patients
who received PMX-DHP for the amelioration of septic shock were excluded.

PMX-DHP therapy was considered when the PaO,/F;0, (P/F) ratio did not improve (less than 200) 24 to 72 hours
after treatment with steroids and tocilizumab or baricitinib as the immunomodulatory therapy. After the careful
consideration of patient parameters, the clinical COVID-19 team comprising healthcare professionals would decide
whether to perform PMX-DHP therapy on each patient.

PMX-DHP therapy was performed using Toraymyxin PMX-20R (Toray Industries, Tokyo, Japan) at a blood flow rate
of 80—120 mL/min for 6 h for over two continuous days on each patient. Nafamostat mesylate (30-50 mg/h) or
unfractionated heparin (50 U/kg/h) was used for anticoagulation therapy.

The following data were collected from clinical records: age, gender, BMI, past history, whether they survived in the
ICU, blood sampling data, chest radiograph score,'® respiratory rate (RR), sequential organ failure assessment (SOFA)

score, "’

onset to admission/ICU and admission/PMX-DHP treatment days, duration of ICU stay, treatment profile
(antiviral agent, steroid, immunomodulatory therapy, anticoagulant therapy), respiratory support when PMX-DHP
treatment was initiated, invasive mechanical ventilation avoidance rate, and variant type of SARS-CoV-2. The SOFA
score refers to the organ dysfunction score and is calculated as a point score based on the function of six organ systems
(respiratory, coagulation, hepatobiliary, cardiovascular, central nervous, and renal systems). A higher score (0-24) is
associated with increased ICU mortality.'® In order to determine the chest radiography score, the chest radiograph was
divided into four zones, the extent of abnormal lung parenchyma was visually scored as 0, no involvement; 1, mild to
moderate involvement (estimated involvement 0-50% of lung parenchyma); and 2, severe involvement (estimated
involvement, 50% of lung parenchyma) per zone, resulting in a score between 0 and 8.'®

As a guide of our facility for respiratory support, treatment using a high-flow nasal cannula (HFNC) was performed
for patients when the SpO, was less than 93% after about 8—10 L/min an oxygen mask with a reservoir was used for
respiratory support. Invasive mechanical ventilation, while performing muscle relaxation and deep sedation, was
performed when tachypnea (RR, 30/min or higher) progressed, hypoxemia progressed, and PaCO, increased, even
after the use of an HFNC. Veno-venous extracorporeal membrane oxygenation (V-V ECMO) was performed following
the ELSO guidelines.”® However, our facility is not a high-volume center for V-V ECMO.

All statistical analyses were performed using JMP 13.0.0 (SAS Institute Inc., North Carolina, USA). Normality tests
were performed and showed that the data had a non-normal distribution. The Mann—Whitney U-test was used to compare
the results between the two groups (survival group and death group). Categorical variables were compared using Fisher’s
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exact test. The Kruskal-Wallis test was used to assess three timepoints: day 1, before PMX-DHP therapy was
performed; day 3, the day after PMX-DHP therapy was performed twice; and day 7. The possible pairwise comparisons
for the three points were conducted using the Steel-Dwass test. Results with a p-value < 0.05 were considered statistically
significant. The data are shown as the median and interquartile range because the data were not normally distributed.

Results

The flowchart for patient selection is shown Figure 1. We excluded 3 cases for which PMX-DHP therapy was used to
ameliorate septic shock. The characteristics of all 31 patients are shown in Table 1. The outcomes 28 days after
admission to the ICU were 20 patients in the survival group and 11 in the death group. A period of 6 days passed
from disease onset to admission, 10 days to ICU admission, and 11 days (median days) to PMX-DHP therapy. The
treatments for COVID-19 were antivirals (97%), steroids (100%), immunomodulatory therapies (100%; tocilizumab or
baricitinib), and anticoagulants (93.6%). The respiratory support used before PMX-DHP therapy was as follows: O,
supplementation (not ventilated), 9.7%; HFNC, 48.4%; invasive mechanical ventilation, 41.9%; and V-V ECMO, 0%.
The invasive mechanical ventilation avoidance rate was 15/18 (83.3%), differing significantly between the survival (15/
15) and death groups (0/3) (P = 0.0012). The variant type B.1.617.2 (Delta) was detected in 15/18 (83%) of participants
overall: 10/13 (76.9%) in the survival group and 5/5 (100%) in the death group. No mutant variant other than the Delta
variant was tested. No Omicron variant was detected in Japan during the study period. The age (P = 0.0021) and
percentage of invasive mechanical ventilation (P = 0.0209) were significantly different between the survival and death
groups; other characteristics were not significantly different.

The results of the patient evaluations immediately before PMX-DHP therapy are summarized in Table 2. The medians
of each evaluated parameter were as follows: P/F ratio, 100; RR, 25; neutrocyte count, 7970 cells / L; lymphocyte count,
354 cells/ L; C-reactive protein (CRP), 1.57 mg/dL; D-dimer, 2.6 ug/mL; ferritin, 718.7 ng/mL; lactate dehydrogenase
(LDH), 491 U/L; surfactant protein D (SP-D), 247 ng/mL; thymus and activation-regulated chemokine (TARC), 118.5
pg/mL; interleukin (IL)-6, 126 pg/mL; IL-10, 2 pg/mL; SOFA score 3; and chest radiograph score, 7. The parameters that
differed significantly between the survival and death groups were P/F ratio (P = 0.0317), D-dimer (P = 0.0015), LDH (P
= 0.0258), IL-6 (P = 0.0430), and SOFA score (P = 0.0356). No data for 3 cases of ferritin, for 1 case of SP-D, TARC,
IL-6 and IL-10, respectively.

The time course of the clinical parameter measurements for all patients are presented in Figure 2A—J. The measure-
ments were taken at three timepoints: day 1, before PMX-DHP therapy was performed; day 3, the day after PMX-DHP
therapy was performed twice; and day 7. The P/F ratio (A, P <0.0001), RR (B, P =0.0001), CRP (F, P = 0.008), TARC

Patients with severe COVID-19 pneumonia in the ICU between
December 2020 and September 2021
(n=102)

\4

L Excluded 68 cases of non-PMX-DHP treatment

A

Patients with PMX-DHP treatment

(n=34)
Excluded 3 cases of PMX-DHP for the purpose of
—> improving septic shock
A
Patients with PMX-DHP treatment for the purpose
of severe COVD-19

(n=31)
Figure | Flowchart for patient selection.
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Table | Baseline Characteristics of Patients Treated with PMX-DHP Therapy

All Survival Death P value
Number 31 20 11
Age* 61 (54-75) 56 (49-62) 75 (67-78) 0.0021
Male 23 (74%) 15 (75%) 8 (73%) 1.0000
BMI* 24.3 (22.0-25.8) | 25.2 (22.9-26.3) | 22.7 (20.8-25.1) 0.0693
History
Smoking 17 (54.8%) 10 (50%) 7 (63.7%) 0.7074
HTN 17 (54.8%) 12 (60%) 5 (45.5%) 0.4775
DM 13 (41.9%) 10 (50%) 3 (27.3%) 0.2755
Onset to admission (days)* 6 (4.5-7) 6 (5-6) 7 (4-9) 0.3684
Onset to ICU admission (days)* 10 (7.5-12) 10 (9-11) 10 (7-14) 1.0000
Onset to PMX-DHP (days)* Il (9-12.5) 10.5 (9-11) 15 (8.5-21) 0.2350
Variant type, L452R* (Positive/Total sample) 15/18 (83%) 10/13 (76.9%) 5/5 (100%) 0.5221
Treatment
Antiviral agent 30 (97%) 19 (95%) Il (100%) 1.0000
(Remdesivir) 25 16 9 0.9024
(Favipiravir) 5 3 2 0.8177
Steroid 31 (100%) 20 (100%) 11 (100%)
(Dexamethasone) 30 19 I 0.4509
(Methylprednisolone) 22 14 8 0.8728
Immunomodulatory therapy 31 (100%) 20 (100%) Il (100%)
(Tocilizumab) 24 16 8 0.6757
(Baricitinib) 7 4 3 0.6757
Anticoagulant 29 (93.6%) 19 (95%) 10 (90.1%) 1.0000
Respiratory support on initiation of PMX-DHP treatment, n (%)
Oxygen mask with reservoir (not ventilated) 3 (9.7%) 3 (15%) 0 (0%) 0.5350
High-flow nasal cannula 15 (48.4%) 12 (60%) 3 (27.3%) 0.1351
Invasive mechanical ventilation 13 (41.9%) 5 (25%) 8 (72.7%) 0.0209
V-V ECMO 0 (0%) 0 (0%) 0 (0%)
Invasive mechanical ventilation avoidance rate 15/18 (83.3%) 15/15 (100%) 0/3 (0%) 0.0012

Notes: Unmarked values: numbers of patients; *Median (interquartile range). The Mann—Whitney U-test was used to compare the results
between the two groups (survival group and death group). Categorical variables were compared using Fisher’s exact test. “No mutant variant

tests other than those for L452R (Delta variant) have been performed. No Omicron variant was detected in Japan during the study period.

Abbreviations: BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; ICU, intensive care unit; PMX-DHP, Polymyxin
B immobilized fiber column direct hemoperfusion; V-V ECMO, veno-venous extracorporeal membrane oxygenation.

(H, P = 0.0445), and Lymphocyte counts (J, P < 0.0001) changed significantly over time. The SP-D (C, P = 0.2527),
LDH (D, P =0.0539), SOFA (E, P = 0.3781), IL-6 (G, P = 0.3764), and Neutrocyte count (I, P = 0.4870) did not change

significantly over time.
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Table 2 Results of the Baseline Examinations of Patients Treated with PMX-DHP Therapy (Median)

All (n =31) Survival (n = 20) Death (n=11) P value
P/F ratio 100 (74-135) 104.5 (87-145) 75 (60-103) 0.0317
Respiratory Rate (/min) 25 (22.5-31.5) 25 (23-29.5) 30 (21-32) 0.4800
White Blood Cell (/uL) 8300 (5900-11,300) 8150 (5300-10,975) 9700 (7350-12,750) 0.3217
Neutrocyte (/uL) 7970 (5365-10,198) 7218 (4773-9440) 8671 (6797-12,163) 0.2155
Lymphocyte (/uL) 354 (206-550) 425 (325-583) 300 (192-388) 0.1604
Platelet (x10%/uL) 241 (182-321) 292 (164-333) 240 (199-257) 0.4207
CRP (mg/dL) 1.57 (0.96-4.61) 1.57 (0.96-4.29) 2.12 (0.96-8.81) 0.5357
D-dimer (ug/mL) 2.6 (1.3-6.6) 1.8 (1-2.7) 9.8 (4.6-14.1) 0.0015
Ferritin (ng/mL) 718.7 (445.8-1222.0) | 864.3 (623.4-1673.3) 560.3 (319.5-773.2) 0.0685
(n=128) (n=18) (n=10)
LDH (U/L) 491 (400-596) 450 (392-555) 599 (521-694) 0.0258
T-bil (mg/dL) 0.49 (0.44-0.67) 0.47 (0.36-0.61) 0.61 (0.53-0.81) 0.0243
Creatinine (mg/dL) 0.78 (0.66-0.89) 0.77 (0.66-0.88) 0.78 (0.66-0.91) 0.9671
SP-D (ng/mL) 247 (184-536) 220 (163-405) 722 (218-1114) 0.0556
(n =30) (n=10)
TARC (pg/mL) 118.5 (75.4-175.9) 98.5 (58.9-157.5) 145.9 (104.5-179.8) 0.1036
(n =30) (n=10)
IL-6 (pg/mL) 126 (47.4-353) 98.85 (43-224.8) 340.5 (116.8-1737.5) 0.0430
(n =30) (n=10)
IL-10 (pg/mL) 2 (2-4.5) 2 (2-2) 3.5 (2-18.8) 0.1219
(n = 30) (n=10)
SOFA score 3 (245) 2 (2-3) 3 (3-6.5) 0.0356
Chest radiography score 7 (7-8) 7 (7-8) 7 (7-8) 0.1496

Notes: Unmarked values: median (interquartile range). The Mann—Whitney U-test was used to compare the results between the two groups
(survival group and death group).

Abbreviations: CRP, C-reactive protein; IL, Interleukin; LDH, Lactate Dehydrogenase; P/F, PaO,/FIO,; SOFA, sequential organ failure
assessment; SP-D, surfactant protein D; TARC, thymus and activation-regulated chemokine.

The time course of the clinical parameters for the survival and death groups are shown in Figure 3A-J. In the death
group, 2 deaths occurred on day 5. The P/F ratio (A, P <0.0001 in survival group, P = 0.0044 in death group) and RR (B,
P <0.0001 in survival, P = 0.0227 in death group) changed significantly over time in the survival and death groups. The
LDH (D, P =0.0224), SOFA (E, P = 0.0352), CRP (F, P <0.0001), TARC (H, P = 0.0142) and Lymphocyte count (J, P <
0.0001) changed significantly in the survival group but remained unchanged in the death group. No data of SP-D, TARC,

and IL-6 were obtained for 1 case.

Discussion

In the present study, we made two important clinical observations. First, in patients with severe COVID-19 receiving
PMX-DHP therapy, the P/F ratio, RR, and lymphocyte counts improved at an early stage. An early increase in
lymphocyte counts after PMX-DHP therapy may indicate a positive outcome. Second, at the time of PMX-DHP therapy,
the P/F ratio and SOFA score were worse in the death group than in the survival group.
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Figure 2 Time course of the clinical parameters for all patients. Median and interquartile ranges of P/F ratio (A), RR (B), SP-D (C), LDH (D), SOFA (E), CRP (F), IL-6 (G),
TARC (H), Neutrocyte (I) and Lymphocyte (J) count. P/F ratio, RR, SP-D, LDH, SOFA, CRP, IL-6, TARC, Neutrocyte and Lymphocyte count were measured before the start
of PMX-DHP (day 1), after PMX-DHP was administered 2 times (day 3) and on day 7. Since 2 patients died on day 5, there were no data for 2 cases on day 7. There were no
data regarding the SP-D, TARC, and IL-6 for | case. CRP, C-reactive protein; IL, interleukin; LDH, lactate dehydrogenase; P/F, PaO,/FIO,; RR, Respiratory ratio; SOFA,
sequential organ failure assessment; SP-D, Surfactant Protein-D; TARC, thymus and activation-regulated chemokine; *Kruskal-Wallis test; **Steel-Dwass test.

The IL-6 is lower in severe COVID-19 pneumonia than in sepsis.”’ Common treatments for severe COVID-19
pneumonia include anti-IL-6 receptor monoclonal antibodies, such as tocilizumab, and JAK inhibitors, in addition to
steroids. The mortality of patients with severe COVID-19 pneumonia was significantly lower in the steroid plus
tocilizumab combination group than in the steroid-increased group.*? Thus, anti—-IL-6 receptor monoclonal antibodies
can clinically ameliorate severe COVID-19 pneumonia. However, because IL-6 levels are lower in severe COVID-19
pneumonia than in sepsis,?’ blocking IL-6 alone may not be effective in some severe COVID-19 cases; thus, in such
cases, inhibiting mediators other than IL-6 may improve clinical outcomes. In the present study, the IL-6 levels did not
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Figure 3 Time course of the clinical parameters for the survival (white) and death (black) groups. Median and interquartile ranges of the P/F ratio (A), RR (B), SP-D (C),
LDH (D), SOFA (E), CRP (F), IL-6 (G), TARC (H), Neutrocyte (I) and Lymphocyte (J) count. The P/F ratio, RR, SP-D, LDH, SOFA score, CRP, IL-6, TARC, and Neutrocyte
and Lymphocyte count were measured before the start of PMX-DHP (day ), after PMX-DHP was administered 2 times (day 3), and on day 7. Because 2 patients died on day
5, there were no data for 2 cases in the death group on day 7. There were no data regarding the SP-D, TARC, and IL-6 for | case in the death group. CRP, C-reactive protein;
IL, interleukin; LDH, lactate dehydrogenase; P/F, PaO,/FIO,; RR, Respiratory ratio; SOFA, sequential organ failure assessment; SP-D, Surfactant Protein-D; TARC, thymus and
activation-regulated chemokine; *Kruskal-Wallis test; **Steel-Dwass test.
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change over time in all patients, although PMX-DHP therapy was performed for many cases using anti-IL-6 receptor
antibodies. Ichiyasu et al reported that PMX-DHP therapy improved the mortality and the P/F ratio in patients with acute
respiratory diseases, such as rapidly progressive interstitial pneumonia.'' This study showed that the IL-6 levels were
similar in the survivor and non-survivor groups; furthermore, the P/F ratio improved after PMX-DHP therapy in the
survivor group but not in the non-survivor group. Therefore, PMX-DHP therapy for severe COVID-19 pneumonia may
improve the P/F ratio and RR via some favorable effects against these disease-aggravating processes, including an anti-
inflammatory effects. Another study suggested that the lymphocyte count in severe COVID-19 cases are lower than those
in non-severe cases and may thus serve as a potential therapeutic target.”® In yet another study regarding sepsis,
increasing the lymphocyte counts was suggested as a proposed mechanism underlying the effectiveness of PMX-
DHP.’ In the present study, the lymphocyte count increased significantly in the survival group. Conversely, the
lymphocyte count did not significantly change in the death group. It is unclear whether the PMX-DHP therapy increased
the lymphocyte count; however, the early increase in lymphocyte count after PMX-DHP therapy may be indicative of
a positive outcome. PMX-DHP therapy alleviated the acute exacerbation of idiopathic pulmonary fibrosis.'> PMX-DHP
therapy for the acute exacerbation of idiopathic pulmonary fibrosis significantly decreased the levels of IL-9, IL-10, IL-
12, IL-17A, and profibrotic cytokines, including platelet-derived growth factor (PDGF) and vascular endothelial growth
factor (VEGF).>* COVID-19 patients can develop pulmonary fibrosis. Fibrotic changes in the lung were found after
autopsy in patients who died of COVID-19.%>° In severe COVID-19 pneumonia, PMX-DHP therapy in addition to
steroids and anti-IL-6 receptor monoclonal antibodies, may improve oxygenation and ameliorate tachypnea by modulat-
ing the lymphocyte count and the levels of various mediators other than IL-6.

In COVID-19 patients, a lower P/F ratio on ICU admission was an independent risk factor associated with mortality.>’
SP-D is a useful marker for acute lung injury and acute respiratory distress syndrome (ARDS) and indicates the degree of
lung injury.”® SP-D also shows severity in COVID-19 patients.”’ In the present study, the SP-D was relatively high in the
death group before PMX-DHP therapy, although not significantly different; in the death group, as shown by the low P/F ratio
and the relatively high SP-D, lung injury caused by COVID-19 had already progressed at the time of PMX-DHP therapy. In
addition, the proportion of cases for whom invasive mechanical ventilation was performed before PMX-DHP therapy was
significantly higher in the death group than in the survival group. This also suggests that lung injury was progressing. Even in
a previously reported meta-analysis, the fatality rate for COVID-19 patients requiring invasive mechanical ventilation was
high.*® PMX-DHP therapy may be less effective in COVID-19 with progressed severe lung injury, including features such as
lower oxygenation, higher SP-D, and requirement for invasive mechanical ventilation. The SOFA score was high in the death
group before PMX-DHP therapy. In a systematic review regarding COVID-19, a high SOFA score was shown to increase the
risk of death.*! Thus, COVID-19 patients with a high SOFA score are likely to show poor outcomes. In the present study, the
SOFA score improved after PMX-DHP therapy in the survival group but not in the death group, and the invasive mechanical
ventilation avoidance rate in the survival and death groups differed significantly. Therefore, it may be better to perform PMX-
DHP therapy before multi-organ dysfunction and lung injury have progressed.

This study has four limitations. First, the results of the present study cannot be compared with those of a non-PMX-
DHP therapy group. In the future, a prospective study using the non-PMX-DHP therapy group as a control is needed.
Second, patients subjected to respiratory management using invasive ventilators have poor outcomes, but it is unknown
whether PMX-DHP therapy is ineffective when invasive ventilator management is performed. Thus, the effectiveness of
PMX-DHP therapy for COVID-19 patients undergoing invasive ventilator management should be investigated. Third, it
is unknown whether the effects observed in this study are due to PMX-DHP therapy alone or also due to the other
treatments used in combination, such as steroids and immunomodulatory therapy. However, in the present study, baseline
treatments for severe COVID-19 pneumonia, including antiviral agents, immunomodulatory therapies, and anticoagu-
lants, were administered in most cases. Therefore, these data will help clarify whether PMX-DHP therapy is effective as
an additional treatment in combination with the baseline treatments. Fourth, this study does not examine the superiority
of each respiratory therapy (for eg, HFNC and invasive mechanical ventilation). Further research is needed to determine
which combination of PMX-DHP and respiratory therapy is effective.
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Conclusions

This study shows that the P/F ratio, RR, and lymphocyte counts were improved early in patients with severe COVID-19
receiving PMX-DHP therapy. PMX-DHP therapy, in addition to steroids and immunomodulators, may improve oxyge-
nation and alleviate tachypnea by modulating the lymphocyte counts and the levels of various mediators. An early
increase in lymphocyte counts after PMX-DHP therapy may indicate a positive clinical outcome. Thus, performing
PMX-DHP therapy before multi-organ dysfunction and lung injury have progressed may improve disease outcomes in
patients with COVID-19 pneumonia.
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