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Abstract
Tocilizumab is one of the newest therapeutic options for the acute respiratory distress syndrome (ARDS) caused by the 
recently discovered severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) β-coronavirus. Several trials are cur-
rently ongoing to assess the efficacy and safety profile of tocilizumab in treating ARDS. In this article, we present the case 
of a Black patient with acute pneumonia who benefited greatly from tocilizumab, but developed severe prolonged neutro-
penia. Considering the increasing use of tocilizumab among patients with coronavirus disease 2019 (COVID-19), this case 
warrants further research regarding the possible adverse hematological effects that need to be monitored in order to prevent 
secondary infections.

Introduction

Coronavirus disease 2019 (COVID-19), an emergent pan-
demic infection caused by the novel β-coronavirus severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
primarily targets the lungs but also affects the heart and kid-
neys [1]. In addition to mild respiratory flu-like symptoms, 
SARS-CoV-2 may cause severe acute respiratory distress 
syndrome (ARDS), sepsis, or multiorgan dysfunction [1, 2], 
as seen in the other two previous β-coronavirus outbreaks 
[severe acute respiratory syndrome (SARS) and Middle East 
respiratory syndrome (MERS)] [3, 4].

The exact pathogenesis of such life-threatening manifes-
tations of β-coronavirus infections is currently unknown but 

a massive immune host response—the so-called ‘cytokine 
storm’—is considered the most likely cause, as described 
in cases of ARDS in patients with SARS or MERS [5–7]. A 
dysregulation of the immune system [i.e. cytokine release 
syndrome (CRS)], by means of an uncontrollable release of 
proinflammatory cytokines, is also described in the current 
pandemic, especially in severely ill patients [1, 8]. Among 
these cytokines, interleukin (IL)-6 has a key role in the pro-
inflammatory cascade. It is mainly produced in response to 
inflammatory tissue damage [9, 10].

Excessive IL-6 levels lead to a multitude of functional 
and anatomical changes, finally inducing matrix deposition 
in targeted tissues, which may result in alveolar-capillary 
membrane dysfunction and increased vascular permeability 
[11].

In patients with multiorgan dysfunction affected by 
ARDS, IL-6 levels are known to be related to a worse prog-
nosis [12]. Even in the context of COVID-19-related ARDS, 
high levels of ferritin and IL-6 have been reported as signifi-
cant predictors of mortality [13]. Thus, immunosuppression 
could be a valid therapeutic option for the hyperinflamma-
tory status described in COVID-19, particularly by blocking 
the IL-6 pathway [14, 15].

Tocilizumab, one of the most commonly used IL-6 recep-
tor blockers, is primarily used to treat rheumatic diseases and 
post-immunotherapy CRS [16, 17]. In these situations, toci-
lizumab is generally well tolerated. In keeping with previous 
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research, a recent double-blind, randomized controlled trial 
in patients with rheumatoid arthritis (RA) reported the main 
adverse events associated with tocilizumab were a transient 
decrease in leukocytes, increase in liver enzymes, dyslipi-
demia, and infection-related adverse events [18].

In this article, we report the case of a patient with respira-
tory failure related to COVID-19 who had a rapid favora-
ble outcome after two doses of tocilizumab, but developed 
severe prolonged neutropenia. Written informed consent was 
obtained from the patient prior to the publication of this 
case report.

Description of the case

A Black 65-year-old man presented to our emergency 
department with a few days’ history of fever, complaining 
of a presyncopal episode. Although past medical history 
revealed the presence of hypertensive cardiomyopathy, par-
oxystic atrial fibrillation, and chronic stage II renal insuf-
ficiency, he was not taking any medications due to poor 
compliance.

Upon presentation, his physical examination was unre-
markable. Vital signs showed oxygen saturation of 99% 
on room air, heart rate of 83 beats/min, blood pressure of 
160/80 mmHg, and a body temperature of 38.1 °C.

Blood tests showed mild leukocytosis (10.9 × 109/L) with 
left shift (neutrophils 9 × 109/L), increased C-reactive pro-
tein [CRP; 89.8 mg/L, 9 × the upper limit of normal (ULN)], 
slightly elevated creatinine (1.53 mg/dL), and normal urea 
and liver function tests. The chest X-ray was compatible 
with mild bilateral interstitial pneumonia (Fig. 1). Real-time 
reverse transcription polymerase chain reaction (RT-PCR) 
on a nasopharyngeal swab was positive for SARS-CoV-2.

Treatment with ceftriaxone and clarithromycin was initi-
ated due to concerns that the patient had a superimposed 
bacterial lung infection.

Blood investigations on day 3 revealed persistently 
increased CRP levels (91 mg/L); therefore, antibiotic treat-
ment was switched from ceftriaxone to piperacillin-tazobac-
tam, and combination therapy with hydroxychloroquine and 
lopinavir-ritonavir was started and continued for 5 days.

During hospitalization, the patient’s clinical conditions 
worsened, with the appearance of type 1 (hypoxemic) res-
piratory failure. Blood gas analysis on room air reported 
mild respiratory alkalosis with hypoxemia (pH 7.44, partial 
pressure of oxygen 60 mmHg, partial pressure of carbon 
dioxide 34 mmHg, ratio of arterial oxygen partial pressure 
to fractional inspired oxygen 295, alveolar-arterial oxygen 
gradient 45 mmHg, and normal lactate and bicarbonate). 
Upon physical examination, the patient was tachypneic and 
still febrile; oxygen saturation dropped at 92% on room air 
and fine diffuse crackles could be heard on lung auscultation.

Laboratory tests showed leukocytosis (10.99 × 109/L) 
with neutrophilia (9.8 × 109/L) and subsequent lymphope-
nia (1.19 × 109/L), a much increased CRP level (337 mg/L), 
microcytic anemia (hemoglobin 10 mg/dL, mean corpuscu-
lar volume 72.7 femtoliters), prolonged prothrombin time 
(international normalized ratio 1.57), and a stable creatinine 
level.

A chest computed tomography (CT) scan was performed, 
showing bilateral diffuse lung consolidations and ground-
glass opacities, mainly in posterior locations. Mild pleural 
effusion and mediastinal lymphadenopathy were also present 
(Fig. 2a).

Because of a lack of response to previous pharmaco-
logical therapy, after infectious disease screening tests and 
evaluation of IL-6 levels (which resulted in > 10 × ULN), 
the patient was administered two intravenous doses of 
tocilizumab 8 mg/kg administered 12 h apart (day 8 after 
admission).

Soon after, the patient’s clinical condition began to 
improve with immediate defervescence. After 48 h, he no 
longer required oxygen supplementation. Blood investiga-
tions showed a rapid decrease in his CRP level (96.40 mg/L) 
and white blood cell count (2.36 × 109/L), particularly his 
absolute neutrophil count (ANC, 0.89 × 109/L), and improve-
ment in his hemoglobin and creatinine levels.

A second chest CT scan was performed a week later, doc-
umenting marked improvement of lung transparency, with 
important reduction of ground-glass opacities and consoli-
dations. Some ground-glass opacities were still present, dis-
tributed mainly in a posterior subpleural location (Fig. 2b).

Two days after administration of tocilizumab, the patient’s 
blood work showed persistence of leukopenia (2.32 × 109/L), 
with mild lymphopenia (1.06 × 109/L) and progression of 

Fig. 1   Chest radiograph showing mild opacities in the perihilar lung 
fields bilaterally and linear opacity in the right inferior lobe
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neutropenia (0.52 × 109/L). The hematologic consultant 
advised that no hematologic treatment was required unless 
a superimposed infection was suspected.

Serial blood examinations showed worsening of neutro-
penia; nadir (0.25 × 109/L) was reached 12 days after the 
tocilizumab injections. Severe neutropenia lasted for at 
least 4 weeks; on day 30 after the tocilizumab injections, 
the patient’s ANC began to improve (0.62 × 109/L), although 
considerably far from normal values (≥ 1.5 × 109/L).

Discussion

Tocilizumab is a recombinant humanized monoclonal anti-
body, directed against the IL-6 receptor. In the USA and EU, 
tocilizumab is approved for the treatment of RA, juvenile 
idiopathic arthritis, giant cell arteritis, and chimeric antigen 
receptor T-cell therapy-induced CRS. Phase II and III stud-
ies are ongoing in order to extend the indications to other 
chronic inflammatory diseases [16, 17].

Tolerance of tocilizumab has mainly been investigated 
regarding its use in rheumatologic diseases. According to a 
systematic review of biologic agents in any disease (except 
HIV/AIDS) that included eight randomized placebo-con-
trolled trials of tocilizumab, there were no significant dif-
ferences between tocilizumab and placebo in terms of inci-
dence of serious adverse events, upper respiratory infections, 
or withdrawals due to adverse events [19]. However, patients 
treated with tocilizumab were more likely to develop dys-
lipidemia, gastrointestinal disorders, rashes, or decreased 
neutrophil counts [19].

In a cumulative analysis of almost 5 years of tocili-
zumab exposure in five clinical trials that involved patients 
with moderate to severe RA, infections were the most 
common adverse event. The rate of serious infections was 

4.5/100 patient-years [20]. A meta-analysis of six ran-
domized clinical trials found a higher risk of infections 
within the group assigned to 8 mg/kg tocilizumab plus 
methotrexate rather than the group assigned to methotrex-
ate alone [21].

Among laboratory changes, neutropenia has been 
reported as one of the most frequent adverse events fol-
lowing tocilizumab injection [22]. Neutropenia is defined 
as an ANC < 1.5 × 109/L in adults. It is classified as mild 
[grade 2 using Common Terminology Criteria for Adverse 
Events (CTCAE)] if the ANC is between 1.0 and 1.5 × 109/L, 
moderate (CTCAE grade 3) between 0.5 and 1.0 × 109/L, 
and severe (CTCAE grade 4) if < 0.5 × 109/L [23]. Severe 
neutropenia is among the few indications to cease treatment 
with tocilizumab in order not to further increase the risk 
of infections. CTCAE grade 3 neutropenia is an indication 
to temporarily suspend tocilizumab, which can be resumed 
after 4 weeks of interruption in case of remission of neu-
tropenia [17].

A Japanese analysis of patients with RA receiving mon-
otherapy with tocilizumab reported CTCAE grade 2 and 
grade 3 neutropenia in 15% and 6% of patients, respectively 
[24]. In the pooled analysis of five long-term clinical trials 
of tocilizumab in patients with RA receiving tocilizumab 
alone or in combination with methotrexate, 4.8% of patients 
developed grade 3 neutropenia, and 0.7% developed grade 
4 neutropenia, which resolved spontaneously or after with-
drawal of the drug. None of the patients with grade 4 neu-
tropenia experienced serious infections within 30 days of 
observation [20].

Another analysis of pooled data from placebo-controlled 
trials of tocilizumab in patients with RA showed that the 
incidence of serious infections in patients treated with toci-
lizumab did not correlate with the ANCs. Moreover, no 
serious infections occurred in patients with grade 3 or 4 

Fig. 2   a (left) Unenhanced chest CT scan in a transverse section 
showing the presence of diffuse ground-glass opacities and consoli-
dations, with prevalent posterior distribution; some linear, mainly 
peripheral, opacities; mild pleural effusion. b (right) Unenhanced 

chest CT scan in a transverse section showing marked improvement 
of lung consolidations; some peripheral and posterior linear and 
ground-glass opacities are still visible. CT computed tomography
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ANCs, which were indications to interrupt or discontinue 
tocilizumab [25].

Different pathogenetic mechanisms of tocilizumab-
induced neutropenia have been proposed, from myelosup-
pression to proapoptotic effect to extravascular margination 
of circulating neutrophils [25].

In a recent pharmacodynamic study, 18 healthy individ-
uals were randomized to receive tocilizumab 8 mg/kg or 
placebo [26]. After tocilizumab administration, the kinetic 
profile of neutrophils was consistent with their major reten-
tion in the spleen and liver, although the functional profile 
of neutrophils showed no differences in surface activation 
markers or apoptosis rates between tocilizumab and placebo; 
however, none of the participants experienced grade 3 or 4 
neutropenia [26].

In the context of the ongoing pandemic, Xu et al. [15] 
were among the first who thought that tocilizumab could 
have a possible beneficial effect on CRS provoked by SARS-
CoV-2. In February 2020, they treated 21 patients affected 
by severe or critical COVID-19 with tocilizumab. Oxygen 
supplementation was reduced in 75% of patients and CT 
images improved in 90.5% [15].

Published data from China regarding the safety profile of 
tocilizumab in COVID-19 did not report any serious adverse 
events, in particular neither infections nor neutropenia 
[15], whereas Italian publications have reported a possible 
increased risk of superimposed infections and candidemia 
[27, 28].

Several clinical trials are currently evaluating the effi-
cacy and safety of tocilizumab in SARS-CoV-2 pneumonia 
[29–33]. Preliminary results from an Italian study [33] are 
encouraging, but not definitive, in terms of reductions in 
mortality. No new adverse events were reported [33].

Black people are known to have lower ANCs and a higher 
prevalence of neutropenia than other ethnicities [34]. Data 
from > 25,000 people participating in a US National Health 
and Nutritional Examination Survey from 1999 to 2004 
showed that 4.50% of Black participants had neutropenia, 
whereas this was seen in only 0.79% of White participants, 
and 0.38% of Mexican American participants [34]. Etiology 
of neutropenia in Black people has in part been discovered, 
as genetic polymorphisms have been found in association to 
lower neutrophil counts in the so-called benign ethnic neu-
tropenia (BEN). Reports about the natural history of BEN in 
adults are actually lacking. Only one recent prospective anal-
ysis of 46 participants of African ancestry having different 
grades of BEN, showed normal rates of common infections; 
however, grade 4 neutropenia was rarely represented [35].

In our experience of the use of tocilizumab in five patients 
with COVID-19, two patients, both Black Africans, devel-
oped neutropenia. We have presented the case of one of 
these patients, whose neutropenia was severe and prolonged. 
Although a causal relation cannot be demonstrated from the 

observation of a single case, we believe that a concomitant 
genetic factor (as stated for BEN) could have enhanced the 
neutropenic effect of tocilizumab in this patient.

Take home messages

•	 Neutropenia is one of the most frequent laboratory 
changes following administration of tocilizumab.

•	 Patients receiving tocilizumab who develop neutropenia 
need to be followed-up and screened for secondary infec-
tions.

•	 Black patients are more likely to have lower neutrophil 
counts than patients of other ethnicities due to a genetic 
predisposition.

•	 A concomitant genetic factor could enhance the neutro-
penic effect of tocilizumab.
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