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Increased heme levels, anemia, and desaturation occur during infection. We aimed
to compare the levels of heme, heme oxygenase-1 (HO-1), ferritin, and bilirubin in coronavirus
disease 2019 (COVID-19) patients at different saturation levels. Heme and HO-1 enzyme levels
significantly increased in the low SpO, group, but further studies are required.

Copyright © 2020, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS
CoV-2) can infect human target sites through the cellular
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angiotensin-converting enzyme |l (ACE2) receptor in the
respiratory tract.” Furthermore, acute respiratory dis-
ease, pneumonia, and desaturation develops to threaten
human life.?? Increase in heme levels, breakdown of red
blood cells (RBCs), and anemia, which are frequently
detected during infection process, deteriorates the oxy-
gen saturation levels. It has been observed that desatu-
ration results in poor outcomes in COVID-19 patients. This
study aimed to compare the levels of heme, heme
oxygenase-1 (HO-1), ferritin, and bilirubin in COVID-19
patients with different oxygen saturation levels, and find
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the potential prognostic factor in clinical SARS CoV-2
infection.

Patients and methods

This clinical observational study was approved by the
Institutional Review Board of the Taipei Tzu Chi Hospital,
Buddhist Tzu Chi Medical Foundation (approval number 09-
X-041). The study enrolled patients with COVID-19 who
were admitted to the Taipei Tzu Chi Hospital between
February 1, 2020 and May 15, 2020. For this retrospective
observational study, informed consent was signed by the
legal agent or the patient after being released from COVID-
19 quarantine. The patient privacy rights, including those
of individual person’s data, in any form (including individual
details, images, or videos), were observed. COVID-19 pa-
tients were enrolled, each having at least two different
dates of laboratory data collection, including for the initial
hospital admission and re-examination, four days later. The
remaining specimens were stored at —20 °C temporarily.
Heme and HO-1 were analyzed after receiving the informed
consent.

The inclusion criteria: The clinical diagnosis of COVID-19
was based on a positive SARS-CoV-2 reverse transcription-
polymerase chain reaction (RT-PCR) test, detected from
the nasopharynx, oropharynx, or sputum samples. The
exclusion criteria: patients with any concurrent infection
such as bloodstream infection within 7 days of initial hos-
pital admission were excluded.

For the purpose of oxygenation studies, the patients
were divided into two groups based on whether or not their
lowest oxygen saturation levels were measured by pulse
oximetry (Sp0O,) at the time of hospital admission. Severe
type COVID-19 had an oxygen saturation level <95% when
breathing the ambient air.® Eight patients had the lowest
Sp0O, < 95% (severe type) while the other 8 had the lowest
SpO, > 95% (normal group).

Details of the onset date of clinical symptoms, throat
swab conversion, course of disease, and laboratory results
were collected from the medical records retrospectively,
except for heme and HO-1. Influenza rapid test was nega-
tive in the study population. The disease course included
the duration from symptom initiation to throat swab con-
version. Throat swab conversion was the duration from a
positive to negative test for SARS CoV-2 in the throat swab.

The quarantine policy, clinical diagnosis, and treatment
adhered to the guidelines of the WHO,> American Thoracic
Society,® and Surviving Sepsis Campaign.” Each patient was
quarantined in a single isolation room until they tested
negative for SARS-CoV-2 in the RT-PCR test, three times
consecutively.

The collected whole-blood samples were processed
under the conditions recommended in the Ficoll—Paque
plus (GE, USA). Heme was detected using the Heme assay
kit (Abnova, Taiwan). HO-1 was detected using the HO-1
enzyme-linked immunosorbent assay (ELISA) kit (Abcam,
USA).

Continuous data were expressed as mean + standard
error. Categorical data were expressed as frequencies and
percentages. The clinical characteristics were compared
using the Student’s t-test for low and normal SpO, groups.

The Fisher’s exact test was used for comparing 2 x 2 cat-
egorical variables. P < 0.05 was considered to indicate
statistical significance.

Results

The Sp0O, <95% group had no significant differences with
the normal group with regard to sex, age, fever episodes,
days of fever, and pneumonia (Supplemental Table 1). The
low SpO, group had a significantly higher initial body tem-
perature than the normal SpO, group (37.08 °C vs. 36.48 °C,
p = 0.033). Total bilirubin was significantly higher in the
low SpO, group than in the normal group (0.95 vs. 0.5,
p = 0.04) (Supplemental Table 1). Furthermore, the low
SpO, group had higher, but not significant, initial heme
levels than the normal SpO, group, (49.78 vs. 33.79,
p = 0.446). HO-1 and ferritin levels were higher in the low
SpO, group than in the normal group. (3175.75 vs. 2255.60
for HO-1; 286.50 vs. 180.38 for ferritin).

We further studied changes in heme-related parame-
ters, initially and during admission (Table 1 and Fig. 1).
There were no changes in RBC count, hemoglobin, hemat-
ocrit, and serum iron levels in both the groups. However, it
was interesting to note that heme levels showed a signifi-
cant increase in the low SpO, group than in the normal SpO,
group (21.06 vs. —8.73, p = 0.001), Fig. 1A and B. HO-1
levels also showed a significant increase (274.24 vs.
—55.66, p = 0.038), Fig. 1C and D.

Discussion

In our study, the low SpO, group had a significant increase
in heme and HO-1 levels. Oxygen saturation is a prognostic
factor for COVID-19, which implied virus attacks at the
upper airway, seeding to the lower respiratory tract where
it damages the alveoli of the lungs, and finally induces
acute respiratory distress syndrome and hypoxemia.? In
traditional infection and sepsis process, heme and free
hemoglobin production were found. Later, the HO-1
enzyme breaks down heme to ferritin and biliverdin.® The
biliverdin will further produce bilirubin. This study has
some limitations in that the study population is small;
hence, the baseline clinical characteristics could not be
adjusted for confounding factors. Since HO-1 is an inducible
cytoprotective enzyme that copes with oxidative stress, the
cytoprotective and anti-inflammatory properties of HO-1
may limit the damage caused by SARS-CoV-2.° Interest-
ingly, in a prior study in Taiwan, a higher HO-1 expression in
the HO-1 (—497A/%) genotype was associated with the
protection from SARS infection.'” The raised HO-1 in the
low oxygenation group may reduce inflammation and pro-
vide survival benefit in this particular group of patients. We
analyzed the correlation between HO-1 and disease out-
comes. Due to the small sample sizes in our study, no sig-
nificant correlation was found and disease severity may
influence the disease outcome. We have tried to suggest
the possibility that SARS CoV-2 induced inflammation
mechanisms and that the mechanisms occur via HO-1
enzyme at the initial diagnosis of COVID-19. Further large
study is needed, adjusted for or stratified by disease
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Table 1  Changes in parameters during admission in the two saturation groups.
Lowest saturation (SpO,) <95% >95% p value
N=328 N=328

Red blood cell (106/pL) —0.01 + 0.17 —0.06 + 0.13 0.833
Hemoglobin (g/dL) —0.17 + 0.53 —0.18 + 0.38 0.985
Hematocrit % —0.25 + 1.56 —0.86 + 1.22 0.763
Serum Iron (pg/dL) 14.50 + 7.28 8.37 + 8.71 0.598
Heme (uM) 21.06 + 5.12 —8.73 + 4.43 0.001°
Heme oxygenase-1 (pg/mL) 274.24 + 128.29 —55.66 + 35.59 0.038*
Ferritin (ng/mL) 79.93 + 94.23 —9.55 + 6.62 0.360
Total bilirubin (mg/dL) 2.17 + 2.07 0.12 + 0.06 0.339

2 p < 0.05.

b p < 0.01.

A Lowest saturation (Sp0O2)<=95% B Lowest saturation (Sp02)>95%
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Fig. 1.  (A): Image showing increased heme levels during the admission period in the lowest Sp0O, < 95% group. (B): Image showing
no change or decrease in the heme levels during the admission period in the lowest SpO, > 95% group. (C): Image showing increased
heme oxygenase-1 (HO-1) levels during the admission period in the lowest SpO, < 95% group. (D): Image showing no change or
decrease in the heme oxygenase-1 (HO-1) levels during the admission period in the lowest SpO, > 95% group.

severity to clarify the correlation between HO-1 and dis-
ease outcomes.

Due to the possibility of erythrocyte infection by SARS
CoV-2 and the release of more heme into the blood system
in COVID-19, there may be more heme and HO-1 than in
classic bacterial sepsis for the same disease severity
condition. Cell studies will be needed to understand the
effect of ACE Il receptor on the erythrocytes and possible
infection process of the erythrocytes by SARS-CoV-2.
Furthermore, clinical comparison study between COVID-
19 and classic bacterial sepsis for the same disease
severity, will help to establish the different levels of heme
and HO-1.

Conclusion

Heme and HO-1 increased in the blood system of severe
type COVID-19 patients; meaning that desaturation may
relate to heme and HO-1. Further studies are needed to
resolve the possibility of HO-1 mechanism in anti-inflam-
mation process during SARS-CoV-2 infection.
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