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Abstract: A COVID-19 patient (53-year-old woman from Japan) was admitted to our hospital. She
had a high fever (38.3 ◦C), cough, fatigue, and loss of appetite. She was a smoker and took migraine
medication. A thoracic computed tomography (CT) scan showed no evidence of pneumonia. She was
treated with antibiotics, protease inhibitors, inhalant corticosteroids, and antivirals. Anti-interleukin-
6 receptor antibody tocilizumab (TCZ 400 mg) was added on day 2. On day 4, her temperature
decreased, but her vital signs suddenly worsened, with an SpO2 of 70% in ambient air, a blood
pressure of 70 mmHg (systolic), loss of consciousness, and tachypnea. Her CT showed bilateral lung
consolidation and no pulmonary embolism. She was connected to the ventilator. On day 11, her
respiratory condition improved (PaO2/FIO2 400), and she was able to withdraw from the ventilator.
Her laboratory data (white cell count, ferritin, d-Dimer, C-reactive protein, and β2-microglobulin) did
not increase even at the time of exacerbation, except for Galectin-9 (Gal-9). The plasma Gal-9 levels
increased 2.3 times from before the administration of TCZ, followed by a swift decrease associated
with improvements in respiratory status. She was discharged on day 16. Patients with TCZ-treated
COVID-19 require careful observation.

Keywords: COVID-19; Galectin-9; SARS-CoV-2; acute exacerbation; tocilizumab (TCZ); acute
respiratory distress (ARDS); tissue destruction; recover; ADE

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread rapidly
worldwide since 2019. SARS-CoV-2 infection is known as coronavirus 2019 (COVID-19)
and causes varying degrees of illness [1]. Today, pandemics do not end since there are
repeated mutations of the virus genome [2]. This also makes the treatment of COVID-19
complex. For example, the loss of a vaccine effect or elimination of the effects of antibody
treatment has been observed [3].

As one of the characteristics of COVID-19, the sudden onset of lung damage is believed
to be caused by thrombotic events and cytokine release.

A pulmonary embolism consists of immune-mediated thrombotic mechanisms, com-
plement activation, macrophage activation syndrome, antiphospholipid antibody syn-
drome, hyperferritinemia, and renin–angiotensin system dysregulation [4]. On the other
hand, the high severity of acute respiratory distress is dependent on a cytokine storm, most
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likely induced by the interleukin-6 (IL-6) amplifier, which is hyperactivation machinery
that regulates the nuclear factor kappa B (NF-κB) pathway [5]. The administration of drugs
for anticoagulants and anticytokines is recommended for COVID-19 treatment with these
inferences. The anti-interleukin-6 receptor antibody tocilizumab (TCZ) appears to be an
effective treatment option in COVID-19 patients with a risk of cytokine storms [6]. Further-
more, patients with COVID-19 and pneumonia showed that TCZ reduced the risk of death
by 45% [7]. We have proposed that the early administration of TCZ ameliorated pneumonia
and kidney caused by hyperinflammation syndrome in a patient with COVID-19 [8].

However, the exact mechanism by which TCZ improves COVID-19 pneumonia has
yet to be clarified. In addition, the biomarkers of COVID-19 pneumonia are in the middle of
research. We have already reported that the levels of cleavage forms of plasma osteopontin
(OPN) and Galectin-9 (Gal-9) are elevated in COVID-19 patients, and their levels decrease
after TCZ administration. These might be used as an indicator of the therapeutic effect
and the severity of pathological inflammation [9]. They had a significant association with
laboratory markers for lung function, inflammation, coagulopathy, and kidney function in
COVID-19 Pneumonia (CP) patients.

New therapeutic strategies recommend the administration of antibodies, which can
block the interaction of the RBD (receptor-binding domain) and its ACE2 receptor or neu-
tralize the SARS-CoV-2. However, the patients who were recommended for this treatment
were the ones who did not need additional oxygen and were at high risk of progressing
to severe COVID-19 [10]. The benefit-risk profile for patients requiring high-flow oxy-
gen or mechanical ventilation was considered unfavorable [10]. This means these agents
seemed ineffective in advanced cases, and sole virus control cannot save lives in severe
cases. For instance, there was no observed benefit in those on high-flow oxygen, NIV (non-
invasive ventilation), MV (mechanical ventilation), or ECMO (extracorporeal membrane
oxygenation) in a placebo-controlled, double-blind RCT of Remdesivir in hospitalized
patients with COVID-19 [10]. Although the mortality was lower in the TCZ arm than in
the usual care arm on day 28, the effect was not marked [10]. It was speculated that lung
disease had already progressed in the patients treated with TCZ, and it may have been
used too late in previously reported cases. There has been little reporting of the effects of
anti-inflammatories before lung damage.

To find an effective treatment for COVID-19, we need to find a novel biomarker that
accurately reflects the heterogeneous host responses after the administration of TCZ. As
a new method of treatment, the change in the ventral position is usually accompanied
by a marked improvement in the arterial blood gases of both spontaneously breathing
and mechanically vented patients [11,12]. Although the survival rate of patients in prone
positions tends to have a growing trend, the effects of this procedure on outcomes are
still uncertain.

This report describes a case of acute pulmonary exacerbation related to COVID-19
despite the preadministration of anticytokine, anticoagulants, and antiviral therapy drugs
during hospitalization. A patient developed lung damage suddenly during treatment and
did not show an elevation in inflammatory markers other than the plasma Gal-9 level.
The patient was improved by pressurizing mechanical ventilation with dexamethasone
and repositioning.

2. Case Presentation

A middle-aged woman with COVID-19 was hospitalized on 9 December 2020.
She had nine days of a history of high fever, arthralgia, anorexia, and dysgeusia before

admission. A SARS-CoV-2 infection was confirmed by a PCR assay obtained from the
patient’s nasopharyngeal swab as described by us [8].

She had a history of migraine, myasthenia gravis, syringoencephalomyelia, and smok-
ing one pack of cigarettes per day. The patient was not routinely taking any drugs, because
she had no symptoms of these diseases. The patient’s lab data showed neutrophilia
and lymphopenia. It also showed elevated levels of LDH (342 U/mL), C-reactive pro-
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tein (CRP; 3.65 mg/dL), fibrinogen (509 mg/dL), and urinary β2-microglobulin (B2M)
(510 mg/mL) (Table 1).

Table 1. Laboratory data from the patient during hospitalization.

Laboratory Data Reference
Range Day 0 Day 2 Day 5 Day 6 Day 7 Day 8 Day 9 Day 12

Complete Blood Cell count
and differential

White cell unit (/µL) 3700–8500 7400 5300 5700 5400 4400 3900 5500 6700
Neutrophils (%) 44.0–68.0 76.6 # 67.2 73 70.5 62.5 55 61 65

Lymphocytes (%)) 27.0–44.0 16 23.5 13 22.5 29.5 33 31.5 28
Monocytes (%) 3.0–12.0 6.3 7.6 4 3.5 5.5 5.5 5.5 6
Eosinophils (%) 0.0–10.0 0.3 1.3 4 0.5 1.5 2 1.5 0
Basophils (%) 0.0–3.0 0.8 0.4 1 0.5 1 1 0 0

Hematocrit (%) 42.0–53 43.8 38.6 39.1 34.1 30.7 31.1 33.4 37.2
Hemoglobin (g/dL) 13.5–17.5 14.4 13 13.1 11.6 10 10.2 11.1 12.2

Platelet count × 103 (/µL) 150–355 268 21.8 219 263 251 251 308 381
Red cell count × 106 (/µL) 3.90–5.30 5.01 4.55 4.56 4.04 3.55 3.55 3.83 4.33

Biochemical test

Urea nitrogen (mg/dL) 8–20 15 9 7 8 12 12 9 14
Creatinine (mg/dL) 0.42–1.07 0.64 0.6 0.53 0.45 0.47 0.48 0.42 0.41

ALT (U/L) 3–40 23 18 16 14 17 65 70 129
AST (U/L) 8–35 25 21 20 19 22 64 109 53
LDH (U/L) 124–222 342 201 295 346 296 302 331 275

Ferritin (ng/mL) 14–304 104 102 147 158 185 273 298 265
CRP (mg/dL) 0.00–0.3 3.67 7.33 1.64 0.88 0.48 0.31 0.25 0.09

Total protein (g/dL) 6.6–8.4 7.7 6.5 6.3 5.5 5 4.9 5.5 6.2
Albumin (g/dL) 3.8–5.2 4.4 3.4 3.3 2.9 2.7 2.7 3.0 3.4

Coagulation test

PT (s) 10.0–13.5 11.4 11.8 12.1 12.6 13.6 13.7 13.2 11.3
PT(%) 80.0–120.0 100.6 98.7 89.7 82.4 71.8 70.7 75.9 102.4

APTT (s) 24.0–39.0 33.6 37.8 33.5 41 83.1 57.5 53.6 37.9
D-dimer (µg/mL) 0.00–1.00 0.6 0.75 0.65 1.8 0.94 0.93 1.06 0.78

Fibrinogen (mg/dL) 200–400 509 554 389 304 289 253 278 329

Urine test

β2-microglobulin (µg/L) 30–340 510 2249 404 510 296 363 570 313
# Bold indicates the data is not within normal range.

A chest computed tomography (CT) scan on admission did not show ground-glass
opacities (GGOs) in her lungs (Figure 1a). The vital signs of the patient included a heart
rate of 108 beats/min, a respiratory rate of 20 breaths/min, an axillary temperature of
38.3 ◦C, oxygen saturation (SpO2) in ambient air of 94% (Figure 2), and blood pressure of
120/79 mmHg. These were considered only mild diseases. Azithromycin (500 mg/day),
ciclesonide (200 µg inhaler; 2 inhalations per day), nafamostat mesylate (40 mg/day), and
favipiravir (3600 mg on the first day, 1600 mg thereafter) were administered. Despite
these treatments, the patient’s clinical status was not improved on day 2. Specifically,
her high fever and exhaustion persisted. Furthermore, the CRP and urinary B2M levels
were elevated. Because of the lack of improvement in clinical outcomes, 400 mg of TCZ
was given intravenously. The fever disappeared. However, on day 4, a disturbance of
consciousness, associated with tachypnea, appeared suddenly. Her vital signs worsened to
an SpO2 of 70% in ambient air and blood pressure of 70 mmHg (systolic). Her enhanced
chest CT image showed consolidations in both lower lobes of her lungs and GGOs around
the consolidation at this point (Figure 1(b1)). There was no proof of a pulmonary embolism
(Figure 1(b2)). The patient was immediately brought to the ICU with the administration of
adrenalin for endotracheal intubation and mechanical ventilation. In addition, the drugs
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already given were modified as follows: levofloxacin at 500 mg (for 4 days), heparin sodium
at 15,000 units (for 4 days), dexamethasone at 6.6 mg (for 10 days), and remdesivir (200 mg
loading dose on day 1 followed by 100 mg daily for up to 3 additional days). The ventilator
was set to positive airway pressure (initial positive inspiratory pressure of 22 cm H2O and
an expiratory positive airway pressure of 5 cm H2O) under the condition of the fraction of
inspiratory oxygen (FIO2) of 0.6. Arterial blood gas analysis reported an arterial O2 tension
(PaO2) of 74.1 Torr and an arterial CO2 tension (PaCO2) of 46.3 Torr.
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disappearance of consolidation and GGOs.

Reports 2022, 5, x FOR PEER REVIEW 4 of 9 
 

 

70% in ambient air and blood pressure of 70 mmHg (systolic). Her enhanced chest CT 
image showed consolidations in both lower lobes of her lungs and GGOs around the con-
solidation at this point (Figure 1(b1)). There was no proof of a pulmonary embolism (Fig-
ure 1(b2)). The patient was immediately brought to the ICU with the administration of 
adrenalin for endotracheal intubation and mechanical ventilation. In addition, the drugs 
already given were modified as follows: levofloxacin at 500 mg (for 4 days), heparin so-
dium at 15,000 units (for 4 days), dexamethasone at 6.6 mg (for 10 days), and remdesivir 
(200 mg loading dose on day 1 followed by 100 mg daily for up to 3 additional days). The 
ventilator was set to positive airway pressure (initial positive inspiratory pressure of 22 
cm H2O and an expiratory positive airway pressure of 5 cm H2O) under the condition of 
the fraction of inspiratory oxygen (FIO2) of 0.6. Arterial blood gas analysis reported an 
arterial O2 tension (PaO2) of 74.1 Torr and an arterial CO2 tension (PaCO2) of 46.3 Torr. 

    

(a) (b1) (b2) (c) 

Figure 1. Computed tomography (CT) images of the patient’s lungs on day 0 (a), day 5 (b1,b2), and 
day 16 (c) with a: no abnormality; (b1): indicates consolidation and GGOs in bilateral lungs; (b2): 
indicates pulmonary artery contrast-enhanced findings without defect; and (c): indicates the disap-
pearance of consolidation and GGOs. 

 
Figure 2. Fluctuations in the patient’s body temperature and the SpO2/FIO2 and P/F ratio during 
hospitalization. The drug dosing period is shown at the top of the figure. From day 5 to day 10, the 
data are from an artificial ventilator in the ICU. The black bordered red square is the SpaO2/FIO2 or 
P/F in the supine position. The right sims’ position is indicated by the black bordered red triangle. 
Left sims’ position is indicated by the black bordered red diamond. 

Lung compliance was greatly decreased at 24 mL/cm H2O (Figure 3). 

Figure 2. Fluctuations in the patient’s body temperature and the SpO2/FIO2 and P/F ratio during
hospitalization. The drug dosing period is shown at the top of the figure. From day 5 to day 10, the
data are from an artificial ventilator in the ICU. The black bordered red square is the SpaO2/FIO2 or
P/F in the supine position. The right sims’ position is indicated by the black bordered red triangle.
Left sims’ position is indicated by the black bordered red diamond.

Lung compliance was greatly decreased at 24 mL/cm H2O (Figure 3).
The change in the right-hand sims’ position was accompanied by a significant im-

provement in PaO2/FIO2 407, but the left-hand PaO2/FIO2 was 267 (Figure 2). Differences
in the respiration status were observed depending on the position. After being placed on a
respirator, her respiratory condition had a lasting improvement from day to day. On day
10, PaO2 and PaCO2 were 90.6 and 48.3 Torr, respectively, after adjusting the ventilation
to the CPAP mode (5 m H2O FIO2 0.3 setting) in the supine position. Then, she withdrew
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from the ventilator. Lung compliance just prior to intubation removal was 96 mL/cm H2O
(Figure 3).

Reports 2022, 5, x FOR PEER REVIEW 5 of 9 
 

 

 
Figure 3. Lung compliance from the artificial ventilator vita XL (Dräger, Lübec, Germany). The x 
axis is days after admission. The label 5-2 means the afternoon of day 5. 

The change in the right-hand sims’ position was accompanied by a significant improve-
ment in PaO2/FIO2 407, but the left-hand PaO2/FIO2 was 267 (Figure 2). Differences in the 
respiration status were observed depending on the position. After being placed on a respi-
rator, her respiratory condition had a lasting improvement from day to day. On day 10, PaO2 
and PaCO2 were 90.6 and 48.3 Torr, respectively, after adjusting the ventilation to the CPAP 
mode (5 m H2O FIO2 0.3 setting) in the supine position. Then, she withdrew from the venti-
lator. Lung compliance just prior to intubation removal was 96 mL/cm H2O (Figure 3). 

The consolidation disappeared on the CT after extubation (Figure 1c). The patient’s 
LDH, CRP, and urinary B2M decreased. The patient’s ferritin and D-dimer levels were 
not extremely in excess of the normal range in the hospital (Table 1). Only Gal-9 was in-
creased two days (day 2 and 6) after exacerbation. Gal-9 was measured using a human 
Gal-9 ELISA kit (GalPharma Co., Ltd., Takamatsu, Japan) as described [9]. It was also on 
the rise when admitted and had a second increase on day 6 (Figure 4). Gal-9 decreased 
with the improvement in the clinical outcomes. On day 16, the patient was discharged. 

 
Figure 4. Changes in Galectin-9 (Gal-9) and other inflammatory biomarkers (CRP, urinary B2M, 
ferritin) during hospitalization. 

3. Discussion 
A 53-year-old Japanese COVID-19 patient woman was admitted and given four 

kinds of drugs (antibiotics, protease inhibitors, inhalant corticosteroids, and antivirals). 
However, there was no response in terms of symptom alleviation and high fever, cough, 
fatigue, and loss of appetite persisted. TCZ was administered to improve these clinical 
findings. Although TCZ demonstrated an antipyretic effect and an improvement in the 
patient’s laboratory data, the consolidation shadow suddenly appeared in both lungs, and 

Figure 3. Lung compliance from the artificial ventilator vita XL (Dräger, Lübec, Germany). The x axis
is days after admission. The label 5-2 means the afternoon of day 5.

The consolidation disappeared on the CT after extubation (Figure 1c). The patient’s
LDH, CRP, and urinary B2M decreased. The patient’s ferritin and D-dimer levels were not
extremely in excess of the normal range in the hospital (Table 1). Only Gal-9 was increased
two days (day 2 and 6) after exacerbation. Gal-9 was measured using a human Gal-9
ELISA kit (GalPharma Co., Ltd., Takamatsu, Japan) as described [9]. It was also on the rise
when admitted and had a second increase on day 6 (Figure 4). Gal-9 decreased with the
improvement in the clinical outcomes. On day 16, the patient was discharged.
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3. Discussion

A 53-year-old Japanese COVID-19 patient woman was admitted and given four kinds
of drugs (antibiotics, protease inhibitors, inhalant corticosteroids, and antivirals). However,
there was no response in terms of symptom alleviation and high fever, cough, fatigue,
and loss of appetite persisted. TCZ was administered to improve these clinical findings.
Although TCZ demonstrated an antipyretic effect and an improvement in the patient’s
laboratory data, the consolidation shadow suddenly appeared in both lungs, and SpO2
was lowered. This was consistent with COVID-19 pneumonia rather than a pulmonary em-
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bolism, because the contrast enhancement CT did not show pulmonary artery obstruction.
Seven days after she was connected to the ventilator (11th day after hospitalization), her
respiratory condition improved.

There are reports that COVID-19 can suddenly become severe [13,14]. The reasons
why the case with mild COVID-19 suddenly worsened are not clear. Reports suggest it
is more likely related to immune dysregulation or a cytokine storm after SRAS-CoV-2
infection [14], which leads to respiratory diseases. Moreover, interleukin-6 is regarded as
the perpetrator of the COVID-19 cytokine storm [15]. In this case, we used TCZ to prevent
this transition of COVID-19 to a cytokine storm. Unexpectedly, the onset of respiratory
failure and worsening CT findings were observed, though most of the laboratory data did
not change other than Gal-9. Since various adverse drug effects (ADEs) were reported in
TCZ treatment of COVID-19, including respiratory disorders, it cannot be denied that this
deterioration may be due to TCZ [16,17].

After being connected to a ventilator, her respiratory condition immediately recov-
ered. In particular, the right sims’ position resulted in dramatic improvements. The
prone position can be used as adjuvant therapy for improving ventilation in patients with
acute respiratory distress syndrome (ARDS). Lung damage from the novel coronavirus
SRAS-CoV-2 resembles other causes of ARDS [18]. However, this case differed from ARDS
caused by lung compliance reduced by vascular permeability. Her chest high-resolution
computed tomography (HRCT) findings did not show the traction bronchiolectasis or
bronchiectasis seen in COVID-19 ARDS [19]. Lung compliance was low. However, it
rapidly recovered to the normal range immediately after intubation. Moreover, 7 days later,
the consolidation had disappeared. Six-month follow-up CT showed fibrotic-like changes
in the lung in more than one-third of patients who survived severe coronavirus disease 2019
pneumonia [20]. No fibrotic-like changes were observed in this case. After TCZ treatment
in COVID-19 cases, the patients might have distinct ARDS, which might be different from
COVID-19 ARDS. At least, cytokine storms cannot be positively recognized from a low
CRP. It was considered that CRP levels decreased because TCZ blocks the IL-6 receptor.
Biomarkers for this morbid condition are unknown. In our case, the levels of CRP, ferritin,
D-dimer, and urinary B2M declined or did not increase when she worsened. Only the Gal-9
level was elevated with the deterioration in the respiratory condition and returned to a
normal level with its improvement. We already reported that the plasma level of Gal-9 is a
representative inflammatory biomarker in COVID-19, tuberculosis, and HIV infections [21].
In addition, Gal-9 may reflect the severity of acute and chronic infectious diseases. It has
been discovered that Gal-9 has biological roles in innate and adaptive immune systems.
Gal-9 is expressed in endothelial cells, the epithelium of the gastrointestinal tract, and
several immune cells, including T cells, B cells, macrophages, mast cells, and dendritic
cells. Gal-9 regulates the transduction of intra- and extracellular signals by interacting
with several receptors [21]. While the inflammatory marker was not deregulated in this
case, only Gal-9 was elevated followed by a decline associated with the deterioration and
recovery of the respiratory conditions.

TCZ treatment was found to be associated with rapid, sustained, and significant
clinical improvement [22]. However, there was an inconsistency between this fact and the
changes in the CT image and SpO2. The other reports indicated that fewer patients needed
NIV or MV or died in the TCZ group than the usual-care-alone group [23]. These facts
implicate the heterogenous host responses against TCZ. Additionally, a patient who is not
COVID-19-infected but have CT findings with ground-glass opacities and clinical courses
to this case was reported after TCZ administration [24].

It is of note that this patient recovered in 6 days after connection to a ventilator. Gal-9
can be an indicator for pulmonary regeneration [25,26]. Gal-9 has also been reported to
regulate cell–cell and cell–matrix adhesion [27]. As SARS-CoV-2 targets various cell types of
the proximal airways and the alveolar type 2 cells of the gas exchange region of the distal
lung, the surfactant might be decreased in the lung. The decrease in the surfactant caused
alveolar cell damage [28] and cell to cell adhesion was disabled. The increasing Gal-9 in
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our case indicates tissue destruction. Gal-9 was proposed to be one of the danger-associated
molecules in dengue virus infection [29]. This tissue destruction was different from traditional
ARDS caused by permeable pulmonary edema, because the immediate resuscitated lung
conformance and CT after recovery showed no changes in fibrosis. TCZ terminates the IL-
6-dependent inflammatory reaction. The released Gal-9 may modify the recovery process
of COVID-19 pneumonia because this case recovered swiftly and there was no lung fibrosis
as a sequela. A larger study is necessary for conclusions to be made regarding the clinical
significance of Gal-9 in detecting ADEs in TCZ-treated COVID-19 patients.

In this case, the sims’ position was useful for improving the respiratory state. Prone
position pronation can also recruit the dorsal lung regions and drain airway secretions,
improving gas exchange. The blowing of the decreasing area of the surfactant made the
collapsed alveoli swell and encouraged surfactant secretion [30]. ATP secretion and [Ca(2+)]
(i) oscillations induced by lung stretch could lead to tissue repair [31,32]. After virus
infection, when the suppression of inflammation alone does not cure tissue destruction,
etc., we may need to adopt another treatment method to recover from this destroyed
lung damage.

This is a single-case report; to generate evidence, long-term follow-up studies with
a large sample size will enlighten medical science about unknown ADEs associated with
TCZ in COVID-19 patients.

3.1. Limitations

Since this is a rare case in which the condition of this COVID-19 case changed suddenly
after TCZ administration, a systemic search with similar cases could not be performed.

3.2. Future Direction

It is necessary to also note the involvement of Gal-9 in cases of lung disorders other
than patients with lung disorders related to COVID-19.

4. Conclusions

A 53-year-old COVID-19 patient without pneumonia was treated with TCZ. Her labo-
ratory findings were improved, but acute exacerbation occurred on day 4. Gal-9 increased
simultaneously with the appearance of symptoms; nevertheless, the other biomarkers did
not increase. After positive pressure ventilation, the patient showed a remarkable recov-
ery. We reported unexpected respiratory failure after TCZ treatment. Careful monitoring,
including Gal-9, would be useful for identifying these patients.
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