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Abstract
What is known and objective: Tocilizumab is an IL- 6 receptor inhibitor agent which 
has been proposed as a candidate to stop the inflammatory phase of infection by 
the severe acute respiratory syndrome coronavirus- 2 (SARS- CoV- 2). However, safety 
data of tocilizumab in pregnant women and their newborn are scarce. We aimed to 
describe maternal and neonatal safety outcomes associated with tocilizumab treat-
ment in pregnant women with severe COVID- 19.
Methods: This is a retrospective study of severe COVID- 19 pregnant women, treated 
with tocilizumab in two Spanish hospitals between 1 March and 31 April 2020. 
Demographics, medical history, clinical and radiologic findings, treatment information 
and laboratory data of mothers and their newborns were collected from electronic 
medical records.
Results and discussion: A total of 12 pregnant women were identified to have re-
ceived tocilizumab during pregnancy in the two hospitals. Median gestational age at 
admission was 27.7 weeks (interquartile range, 18.0– 36.4). Most of them received 
lopinavir/ritonavir, azithromycin and hydroxychloroquine, two patients received cor-
ticosteroids and one received interferon beta 1B. All 12 pregnancies resulted in live 
births. Somatometric values were normal for all newborns, and evolution at 14 and 
28 days was favourable for all of them. Hepatotoxicity was observed in 2 patients, 
which improved or resolved at discharge. Cytomegalovirus reactivation was detected 
in another patient who had also received corticosteroids for 15 days, causing a con-
genital infection in her newborn. Both hepatotoxicity and viral reactivation adverse 
events were classified as possibly related to tocilizumab administration according to 
Naranjo's causality algorithm.
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1  |  WHAT IS KNOWN AND OBJEC TIVE

Coronavirus disease- 2019 (COVID- 19) is a highly infectious disease 
caused by the severe acute respiratory syndrome coronavirus- 2 
(SARS- CoV- 2).1 Data from approximately 400,000 symptomatic 
women of reproductive age with confirmed SARS- CoV- 2 infection, 
have shown that pregnant women are more likely to be admitted to 
the intensive care unit (ICU), to receive invasive ventilation or ex-
tracorporeal membrane oxygenation, or to die, in comparison with 
nonpregnant women.2

Anatomical and hormonal changes might contribute to pregnant 
women susceptibility to respiratory pathogens, therefore SARS- 
CoV- 2.3– 5 COVID- 19- associated systemic inflammation and hypoxic 
respiratory failure have been linked to an increased cytokine re-
lease, as indicated by elevated blood levels of interleukin- 6 (IL- 6), 
C- reactive protein (CRP), D- dimer, and ferritin.6 Based on the knowl-
edge that pregnant women in their first and third trimester are at a 
pro- inflammatory state, the cytokine- storm induced by SARS- CoV- 2 
may prompt a more severe inflammatory state.7

Tocilizumab is an IL- 6 receptor inhibitor agent which has been 
proposed as a candidate to stop the inflammatory phase of infec-
tion by SARS- CoV- 2. However, there are conflicting efficacy data 
between observational studies and randomized clinical trials, thus 
its routine use in most COVID- 19 settings cannot be recommended.8 
Moreover, safety data of tocilizumab in pregnant women are scarce9 
and there is a lack of evidence of its use in COVID- 19 pregnant 
patients.

Due to the limited evidence of the use of tocilizumab in pregnant 
women, we aimed to describe safety maternal and neonatal out-
comes associated with tocilizumab treatment in pregnant women 
with severe COVID- 19.

2  |  METHODS

2.1  |  Setting for the study and subjects

We conducted a retrospective study of pregnant woman treated 
with tocilizumab for COVID- 19 between March 1 to April 31 2020, 
at two tertiary Spanish hospitals, the Vall d’Hebron University 
Hospital, Barcelona and the 12 de Octubre University Hospital, 
Madrid. A laboratory- confirmed case was defined as a patient with 
a reverse- transcriptase- polymerase- chain- reaction (RT- PCR) SARS- 
CoV- 2- positive result in any respiratory sample. The date of onset 

of disease was defined as the day when the symptoms were first 
noticed.

2.2  |  Outcomes

The main outcome was adverse drug events (ADEs) related to to-
cilizumab administration in pregnant women and their offspring. 
Secondary outcomes were maternal and perinatal outcomes.

2.3  |  Standard of care and tocilizumab 
administration

Treatment with oral lopinavir/ritonavir, azithromycin and hydroxy-
chloroquine was initiated following clinical practice guidelines for 
COVID- 19 proposed by the Spanish Ministry of Health10 and local 
protocols adapted to each centre. After subsequent protocols’ amend-
ment, lopinavir/ritonavir was removed in 12 de Octubre Hospital 
from mid- April onwards, and azithromycin was removed from the last 
week of April onwards in Vall d’Hebron Hospital. Subcutaneous inter-
feron beta 1B (IFN β- 1B) was used at the beginning of the pandemic 
if unfavourable evolution because of a potential role in reducing 
SARS complications. Intravenous tocilizumab was considered in pa-
tients that fulfilled the following criteria in both hospitals: (1) bilateral 
pulmonary infiltrates or radiological and/or gasometric worsening 
in 24 h in hospitalized patients; (2) respiratory failure; (3) IL- 6 levels 
≥40 ng/L (or PCR ≥ 100 mg/L) and/or D- dimer levels ≥1000 ng/ml 
and/or ferritin ≥700 ng/ml. When IL- 6 levels were not available, the 
clinic criterion was used to start tocilizumab. Initially, a 600 mg dose 
of tocilizumab followed by a second infusion of 600 mg (in patients 
weighing ≥80 kg) or 400 mg (in patients weighting <80 kg) with an 
interval of 12 h between both doses was considered. After Spanish 
protocol amendment in mid- March, a 600 mg dose was established 
to patients weighing >75 kg, otherwise 400 mg. A second equal dose 
was considered in patients with a poor early response.

2.4  |  Data collection

We retrospectively collected sociodemographic characteristics, past 
medical and obstetric history, usual medication, gestational age and 
current obstetric pathology. Laboratory and radiologic findings, vital 
signs and symptoms, microbiological tests others than SARS- CoV- 2 

What is new and conclusions: It does not appear that tocilizumab has detrimental 
effects for the mother and newborn. Close monitoring of infections should be consid-
ered, especially if other immunosuppressive agents are used.
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adverse events, COVID- 19, maternal safety, newborn safety, tocilizumab
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RT- PCR on respiratory samples, clinical signs or symptoms, treatment 
and supportive measures needed and ADEs were evaluated at admis-
sion, at 48 h and weekly during hospital admission. Maternal and foetal 
outcomes were obtained from patients’ medical records. Gestational 
age at pregnancy termination and type of labour were also collected. 
Neonatal SARS- CoV- 2 nasopharyngeal aspirate samples, somatomet-
ric evaluation including weight, length and head circumference, neona-
tal ICU admission and follow- up at 14 and 28 days were also collected. 
Data were recorded in the Research Electronic Data Capture software 
(REDCap, Vanderbilt University). The date of data cut- off for outcomes 
was 30 September 2020, to allow 28 days follow- up for all newborns.

2.5  |  ADEs evaluation

ADEs cause- effect relationship was evaluated using the Naranjo's 
algorithm.11 Briefly, this questionnaire is one of the more commonly 
used algorithms for determining the likelihood of whether an ad-
verse drug reaction is actually due to the drug rather than the result 
of other factors. Probability is assigned via a score termed definite, 
probable, possible or doubtful, avoiding data omissions or inaccu-
racy among evaluators.12,13

2.6  |  Statistical analysis

Descriptive characteristics were calculated for the variables of in-
terest. Continuous variables were expressed median and range. 

Categorical variables were summarized as absolute number and rela-
tive frequencies.

3  |  RESULTS AND DISCUSSION

The study included 12 COVID- 19 pregnant women, 6 from of Vall 
d’Hebron University Hospital (of 49 admitted) and 6 from of 12 de 
Octubre Hospital (of 38 admitted). Median (range) age and gesta-
tional age at admission were 37 (23– 50) years and 27.7 (18.0– 36.4) 
weeks, respectively. One patient had an increased uterine artery re-
sistance index, and two patients had gestational diabetes. Baseline 
analytical characteristics at admission are shown in Table 1.

Median hospital length of stay was 11.5 (7– 42) days. Oxygen 
support was required in all 12 patients; seven (58%) of them required 
high flow oxygen, two (17%) required noninvasive ventilation and 3 
(25%) required invasive mechanical ventilation (these last 3 patients 
for 2, 8 and 21 days, respectively). Five patients were admitted to 
ICU due to acute respiratory failure, with a median stay of 6 days 
(2– 27 days).

Eight of 12 patients (66.7%) received lopinavir/ritonavir, azith-
romycin and hydroxychloroquine. Azithromycin was omitted in the 
other 4 patients and lopinavir- ritonavir in 3 of these 4 patients, as per 
protocol's amendments during the study period. Lopinavir/ritonavir 
was discontinued early in 3 patients due to diarrhoea and in 1 patient 
due to vomiting. Empiric antibiotic therapy was initially added to 10 
patients (ceftriaxone in 7; cefuroxime in 1; amoxicillin- clavulanate in 
1; levofloxacin in 1) due to bacterial superinfection suspicion. One 

TA B L E  1  Laboratory findings and vital signs at admission of COVID- 19 pregnant women included

Patient number

1 2 3 4 5 6 7 8 9 10 11 12

Analytical data

Leucocytes (×109/L) 14.6 4.6 8.9 12.1 12.0 9.2 7.4 10.9 8.3 8.2 5.8 10.2

Platelet (×109/L) 213 142 505 247 336 189 190 242 316 164 221 171

CRP (mg/L) 12.3 4.3 10.1 17.6 11.8 26.6 8.8 12.7 6.3 8.0 5.9 11.6

IL−6 (ng/L) 287.9 76.5 39.6 42.6 86.2 59.7 21.0 3.0 - - - - 

D- Dimer (ng/mL) 617 576 397 554 412 810 - - 960 - - - 

Ferritin (ng/mL) 160 220 230 150 102 383 370 569 - - - - 

Fibrinogen (g/dL) 0.57 0.38 0.65 0.64 0.66 0.69 0.71 - 0.5 0.5 0.8 - 

LDH (UI/L) 380 342 251 291 415 300 374 301 211 268 231 368

Vital signs

Oxygen Saturation 
(%)

97 92 96 94 100 98 95 95 100 99 90 91

Respiratory rate 
(BrPM)

23 26 30 36 32 18 22 22 32 24 38 - 

Heart rate (BPM) 116 82 111 99 115 114 111 87 113 100 102 101

SBP (mmHg) 135 116 113 113 110 116 93 85 119 100 108 116

DBP (mmHg) 80 63 67 74 70 80 58 48 64 54 64 43

Abbreviations: BPM, Beats per minute; BrPM, Breaths per minute; CRP, C- reactive protein; DBP, Diastolic Blood Pressure; IL- 6, Interleukin 6; LDH, 
Lactate dehydrogenase; SBP, Systolic Blood Pressure.
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patient received IFN β- 1B. All patients received thromboprophylaxis 
with low- molecular- weight heparin at standard (n = 11) or high pro-
phylaxis doses (n = 1). Two patients received methylprednisolone, 
for 3 and 15 days, respectively.

Tocilizumab dosing, and respiratory and analytical data immedi-
ately before tocilizumab administration are shown in Table 2. Eight 
patients (67%) received a single dose of tocilizumab and 4 (33%) re-
ceived two doses. Dosing followed current protocol in all patients 
but 1, which was above 75 kg and received 400 mg of tocilizumab 
(no specified reasons). Analytical data before and after tocilizumab 
dosing are shown in Figure 1.

All 12 pregnancies resulted in live births. Median gestational age 
at delivery was 38.9 weeks (27.7– 40.6). Ten patients (83.3%) were 
discharged before delivery due to COVID- 19 improvement and were 
admitted subsequently for pregnancy termination. Caesarean sec-
tion was performed in 7 patients due to urgent maternal conditions 
(2), prolonged labour (1) or elective caesarean (4).

Cytomegalovirus (CMV) reactivation was detected in 1 patient 
that received tocilizumab 8 days after admission, when performing 
viral screening due to liver enzyme alteration. This patient also re-
ceived a cumulative dose of 1.156 mg of methylprednisolone during 
15 days. Analytical and serology data are shown in Figure 2. This 
patient also presented skin lesions on the left thigh compatible with 
fungal infection 22 days after admission, and a persistent bacteriuria.

Cytolytic hepatotoxicity was observed in 2 patients. Evolution 
of hepatic parameters is shown in Figure 3. Follow- up allowed con-
firming levels’ normalization in one patient before discharge, and the 
other had a downward trend at discharge.

According to Naranjo's causality algorithm, both CMV reactiva-
tion and hepatotoxicity adverse events were classified as possibly 
related to tocilizumab administration.

All 12 neonates were tested at birth for SARS- CoV- 2 by RT- PCR 
of nasopharyngeal aspirate, which were all negative. Somatometric 
values were all normal and the evolution at 14 and 28 days was fa-
vourable for all newborns.

Two newborns were preterm; one was a late preterm of 36.6 
gestational weeks who was initially admitted at ICU due to ma-
ternal conditions, and the other was a 28 gestational weeks’ new-
born who required urgent caesarean section due to unfavourable 
maternal evolution. She evolved favourably at 28 days follow up. 
Nevertheless, she presented common preterm pathology such as 
hyaline membrane disease, apnoea of prematurity, patent ductus 
arteriosus, neonatal anaemia, non- isoimmune jaundice, parenchy-
mal brain injury grade 1, mild respiratory tract viral infection and 
Klebsiella pneumoniae conjunctivitis.

Another newborn was diagnosed of cleft lip and palate at ges-
tational week 20, and it was therefore confirmed before maternal 
COVID- 19 at gestational week 27. Finally, a congenital CMV was 
confirmed by urine and blood determinations to the newborn whose 
mother had the CMV reactivation. She received antiviral treatment 
from birth. Fundus examination, auditory evoked potentials, trans-
fontanellar ultrasound and brain magnetic resonance imaging were 
normal.

To our knowledge, this is the first report that specifically as-
sesses tocilizumab safety in COVID- 19 pregnant women and their 
offspring. Tocilizumab administration did not seem to have signifi-
cant detriment to maternal or neonatal health when treating severe 
COVID- 19 pregnant women. However, viral reactivation in one pa-
tient was an adverse outcome that should aware healthcare provid-
ers about the risk of secondary infections when immunosuppressive 
agents are used in pregnant women, which can also have conse-
quences in the foetus or newborn.

Serious and sometimes fatal infections, such as bacterial infec-
tions and viral reactivation (hepatitis B), are well known adverse 
events of immunosuppressive agents9 and recent evidence in 
COVID- 19 patients has also shown this bacterial superinfection 
risk. In the study by Quartuccio et al.,14 42.9% (18/42) of the pa-
tients in a tocilizumab retrospective cohort experienced bacterial 
superinfection, but none in the control group. This was consistent 
with the study by Kimming et al.15 in which tocilizumab adminis-
tration was independently associated with the presence of sec-
ondary bacterial infections. In addition, in the study by Morena 
et al,16 the most common adverse event was the increase of he-
patic enzymes (29%), thrombocytopenia (14%) and serious bacte-
rial and fungal infections (27%). In the report by Toniati et al.17 
involving 100 patients treated with tocilizumab, two patients died 
due to septic shock and 1 patient had gastrointestinal perforation 
requiring urgent surgery. However, other authors did not find 
this increased risk of infection.18 Nevertheless, there is no con-
clusive evidence explaining which of these adverse effects were 
directly related to tocilizumab therapy. Since IL- 6 plays a crucial 
role in B- cell proliferation, antibody production and T- cell differ-
entiation and cytotoxicity, the inhibition of the complex formation 
with its receptor may trigger the dysfunction of antigen- specific 
CD8- positive T cells, which is associated with CMV reactivation.16 
In fact, CMV reactivation has been reported previously in a few 
publications, basically in immunosuppressed patients who were 
also treated with other immunosuppressive agents, as is the case 
of our patient, and in some occasions shortly after tocilizumab 
initiation.16– 22

Noteworthy, our patient was also treated with methylprednis-
olone during 15 days, which might add immunosuppressive effects 
and contribute to viral reactivation. Evidence supports corticoste-
roids association with viral infections, including CMV, either in im-
munocompetent or immunocompromised patients.9,23,24

The incidence of mild liver injury in hospitalized patients with 
COVID- 19 ranges from 14% to 53%, which is higher in more se-
vere cases.25 Previous reports have shown similar liver injury 
(23.8%– 44.4%) in COVID- 19 pregnant women.26,27 Mechanisms 
of liver damage in COVID- 19 are still unknown but might be re-
lated to direct cytopathic effect of the virus, immune- mediated 
damage or liver hypoxia induced by a thrombotic context or due 
to SARS.25 Drug- induced liver injury is another recognized fac-
tor of hepatotoxicity and many drugs that have been used in 
COVID- 19 patients, such as hydroxychloroquine, azithromycin, 
lopinavir/ritonavir, IFN β and also tocilizumab.9,25,28 Thus, in our 
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F I G U R E  1  Analytical data before and 
after tocilizumab administration. Evolution 
of patients’ interleukin- 6 (Figure 1A), D- 
Dimer (Figure 1B) and ferritin (Figure 1C) 
plasma levels per day after tocilizumab 
administration. Day 0 corresponds to 
levels of each parameter immediately 
before tocilizumab administration. (A) 
Interleukin- 6 evolution. (B) D- Dimer 
evolution. (C) Ferritin evolution
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study patients received other known hepatotoxic agents which 
could contribute to the liver injury. It must be highlighted that the 
observation of these liver laboratory abnormalities in pregnant 
women along with haemolysis and thrombocytopenia might coin-
cide with those that occur in pre- eclampsia with severe features or 
HELLP syndrome (haemolysis, elevated liver enzymes, low plate-
lets); thus, it might be distinguished with appropriate analytical 
and clinical assessment.29

Regarding foetal toxicity, available preclinical data have shown 
no special risk for humans based on conventional studies of safety, 
repeated dose toxicity and genotoxicity. However, an increased 
risk of spontaneous abortion/embryo- foetal death was proven in 
cynomolgus monkeys during early gestation at high doses (> 100 x 
human exposure). Although IL- 6 does not seem to be a critical cyto-
kine for foetal growth or the immunological control of the maternal/
foetal interface, a relation of this finding to tocilizumab cannot be 

excluded.9 In a review by Hoeltzenbein et al., data from clinical trials 
and post- marketing data suggested that tocilizumab administration 
did not substantially increase risk for malformations after exposure 
shortly before conception or early in the first trimester.30 However, 
an increased rate of preterm birth and low birth weight children was 
observed in pregnant patients with rheumatoid arthritis. Of the pa-
tients exposed in the second and third trimesters, an incidence of 
premature birth was observed in 6 of 17 neonates and a low birth 
weight (<2500 g) in 4 of 17 neonates. Although it cannot be ruled out 
that tocilizumab exposure contributes to this risk, the poor control 
of the disease (measured by the increase in IL- 6 and IL- 18) has also 
been associated with worse results in terms of foetal abnormalities, 
preterm birth and low birth weight. Retrospective data from another 
report showed no increased rates of spontaneous abortion or con-
genital abnormalities in 61 patients with rheumatic disease exposed 
to tocilizumab.31

F I G U R E  2  Cytomegalovirus evolution. 
Evolution of cytomegalovirus viral load 
and serology tests in patient 2. CMV, 
Cytomegalovirus; IgM, Immunoglobulin M; 
IgG, Immunoglobulin G; PCR, polymerase- 
chain- reaction

F I G U R E  3  Evolution of hepatic parameters. Evolution of hepatic parameters in the two patients in whom hepatic involvement was 
possibly associated with tocilizumab administration. AST, aspartate aminotransferase; ALT, aspartate aminotransferase; AP, Alkaline 
phosphatase; GGT, Gamma- glutamyltransferase
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We did not observe any congenital malformation, apart of the 
cleft lip and palate in one foetus, which was diagnosed before 
COVID- 19 and tocilizumab treatment in the mother. CMV congen-
ital infection in the newborn whose mother had CMV reactivation 
reveals the risk of vertical transmission in previously CMV immune 
pregnant women, although the severity of the infection tends to be 
less and is usually asymptomatic for both mother and newborn.32

The potential role of tocilizumab in COVID- 19 patients is still un-
certain. Available observational studies reported clinical benefit by 
showing a reduction of invasive mechanical ventilation or death.9,33,34 
Nevertheless, limitations of these heterogeneous studies are evident 
insofar as they included patients with different severity, different 
dosing schemes, and most had small sample sizes. Newly released 
randomized clinical trials (RCT) do not show consistent evidence of 
this efficacy. CORIMUNO- 19- TOCI- 1 trial findings suggested that 
tocilizumab may improve survival without the need for noninvasive 
or mechanical ventilation by day 14, but no reduced risk of a World 
Health Organization clinical progression scale (WHO- CPS) score of 
greater than 5 at day 4 was observed.35 In the RCT- TCZ- COVID- 19 and 
COVACTA studies, there were no statistically significant differences 
in death, or in combined outcomes of death, mechanical ventilation 
or intensive care admission, with tocilizumab compared with placebo 
or standard care.36,37 However, the COVACTA study showed reduced 
hospital lengths of stay in tocilizumab- treated patients.37 On the other 
hand, the EMPACTA study reported efficacy in its primary end point, 
reduction of mechanical ventilation or death by day 28, but there was 
no statistically significant difference in mortality alone.38 Finally, the 
REMAP- CAP preliminary results suggest that tocilizumab is beneficial 
in adults with severe COVID- 19 who are critically ill and receiving re-
spiratory or cardiovascular organ support in an intensive care setting. It 
should be noted that all these RCT included very different study popu-
lations; thus, conclusions should be carefully interpreted.39

Although no routine use of tocilizumab for COVID- 19 is recom-
mended at this moment, upcoming clinical trials’ results might add 
evidence to ascertain tocilizumab benefits.9

3.1  |  Strengths and limitations

This study has some limitations. Methodology sample size of the 
study was small, which precludes definitive conclusions to be 
reached, but gives preliminary results of ADE related to the use of 
tocilizumab in pregnant women. Also, co- medication could be a po-
tential confounding factor that might contribute to ADE develop-
ment. Finally, data inaccuracy inherent to the retrospective use of 
databases may occur, but careful review of computerized medical 
records allowed us to accurately evaluate drug exposure and ADE.

4  |  WHAT IS NE W AND CONCLUSIONS

Tocilizumab has shown no detrimental effects in COVID- 19 pregnant 
women and their newborns in our setting. Although there was a low risk 

of secondary infections observed, close monitoring of infections should 
be considered especially if other immunosuppressive agents are used.
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