
ORIGINAL ARTICLE 

The effect of tocilizumab on procalcitonin and other biochemical 

and clinical markers in severe COVID-19 infection:  

Time to rethink our interpretation of results? 
Nicole Grech, Stephen Sciberras, Michael Buttigieg

BACKGROUND 

Tocilizumab (TCZ) is an interleukin-6 (IL-6) inhibitor approved for use in 

patients severely affected by COVID-19, which has been shown to reduce 

mortality but has as yet undetermined effects on procalcitonin (PCT) and C-

reactive protein (CRP).  

In Malta, TCZ started being administered to COVID-19 patients who 

experience worsening symptoms or increased oxygen requirements over a 

period of hours in January 2021. This study aimed to assess the effect of TCZ 

on PCT primarily, and white cell count (WCC), lymphocyte and neutrophil 

counts, neutrophil to lymphocyte ratio (NLR), CRP and PaO2/FiO2 (P/F) ratio 

as secondary measures.  

METHODS 

Fifty patients who received tocilizumab were recruited to the treatment 

group along with a matched control group of 50 patients who did not receive 

the drug. Serum PCT and other biochemical markers were recorded daily for 

both groups and differences in the values for the two groups extracted. 

Outcome measures included differences between the biomarkers at 5, 10 

and 15 days. 

RESULTS 

PCT and CRP were significantly lowered by administration of TCZ on Day 5. 

WCC, lymphocyte and neutrophil counts and P/F ratios were not affected. 

There was no difference in positive blood culture results between the two 

groups. 

CONCLUSION 

PCT and CRP may not be reliable indicators of bacterial superinfection in 

severe COVID-19 pneumonia patients who have been given TCZ. 
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INTRODUCTION 

The coronavirus disease 2019 (COVID-19) pandemic 

has swept across the world since 2019, with thirty 

thousand cases and 462 recorded deaths in Malta at 

the time of writing.1-2  

Risk factors for developing severe infection include 

advanced age, male gender, diabetes, obesity, a 

history of heart disease, immunosuppression, 

smoking and substance abuse – these risk factors 

are very common in many populations.3  

One of the commonest complications of COVID-19 

is adult respiratory distress syndrome (ARDS),4 

which involves diffuse alveolar inflammation and 

viral particles within type II pneumocytes.5-6 A 

cytokine storm, in which interleukin-6 (IL-6) is 

believed to play an important role, is believed to 

underly the pathogenesis of ARDS in COVID-19.7-8  

Tocilizumab (TCZ), a well-established treatment in 

rheumatoid arthritis, has emerged as a potential 

treatment for severe COVID-19, being a monoclonal 

antibody against the IL-6 receptor with the potential 

to modulate the cytokine storm.9-10 Early in 2020, 

small studies demonstrated the survival advantages 

of TCZ in severe COVID-19.9,11 

The largest trial to date was the REMAP-CAP trial 

published in late February 2021, which aimed at 

assessing the efficacy of TCZ when compared to 

sarilumab (another IL-6 receptor inhibitor) or to no 

anti-interleukin treatment.12-13 Patients given IL-6 

receptor inhibitors fared better than the control 

group, with 10 fewer median organ support-free 

days in the TCZ group and 11 fewer days in the 

sarilumab group. An analysis at three months also 

demonstrated improved survival in treated patients 

compared with controls.14  

The TOCIVID-19 trial is another large phase 2 single 

arm trial involving multiple centres, dedicated to 

assessing the effects of tocilizumab in critically ill 

COVID-19 patients.13 This trial is still underway and 

expected to be completed in December 2022.15 

Primary outcomes will be mortality at fourteen and 

at thirty days post-administration. Secondary 

outcomes will include time to death, time to 

initiation of mechanical ventilation, time to 

extubation, time until invasive ventilation was no 

longer necessary, duration of hospital stay, and 

trends in clinical and biochemical markers such as IL-

6, C-reactive protein (CRP), SOFA score, lymphocyte 

counts, radiological evidence of response to 

treatment and PaO2/FiO2 (P/F) ratio.13  

As studies continue to be published confirming the 

positive effect of TCZ on survival, clinicians turned 

their attention to potential harm from TCZ. Known 

side effects include neutropenia, 

thrombocytopenia, immunosuppression and liver 

damage.16 However, we suggest another indirect 

effect on clinical management might be more 

significant and should be studied in more detail. 

Bacterial coinfection on admission was detected in 

early samples taken from approximately 20% of 

COVID admissions; during the weeks on intensive 

care up to 50% of COVID admissions could also 

suffer from hospital-acquired sepsis.17-18 There was 

some data before the pandemic that TCZ can 

independently lower all markers of infection used 

by clinicians to monitor bacterial sepsis onset and 

prognosis and decide on escalation or de-escalation 

of antimicrobial therapy.19-21 An interesting 

question regarding the use of TCZ in the 

management of severe COVID-19 infection is 

related to its effects on biochemical and clinical 

markers of infection. Common infection markers 

used include CRP, procalcitonin (PCT) and white cell 

count (WCC).22-24 There is even less data available 

on how TCZ affects infection markers in a 

population on regular corticosteroid therapy given 

this only became standard therapy for COVID 

disease after June 2020.25  
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Vu et al26 reported an increase in P/F ratio after 

administration of single dose TCZ in a group of sixty 

patients. A reduction in CRP was observed for 10 

days following drug administration, subsequently 

rising again. The team postulated that this may 

indicate the need for further doses of TCZ. It is 

worth noting that in this study 32 out of 60 patients 

were treated concomitantly with glucocorticoids.26  

Neutrophil to lymphocyte ratio (NLR) has been 

discovered to be a predictor of COVID-19 severity. 

Elevated NLR has been associated with poorer 

outcomes in terms of disease progression and 

mortality.27 In a study by Hartog et al[28] patients 

who were administered TCZ in the setting of severe 

COVID-19 and whose NLR did not immediately show 

a downward trend were found to have poorer 

outcomes compared to those who responded 

swiftly to anti-IL6 treatment. Elevated NLR may 

therefore also indicate a likelihood for resistance to 

TCZ therapy.28 This study did not compare the effect 

of TCZ on WCC or NLR to a control group. 

Finally, Hariyanto and Kurniawan29 published a 

short review including 9 studies and 577 patients in 

which they considered the effect of TCZ on multiple 

biochemical infective markers. CRP, ferritin and D-

dimer were reduced following the administration of 

TCZ and lymphocytes were increased. This review 

did suggest that PCT was also found to decrease 

after TCZ was given.29  

Following UK guidance on TCZ in COVID disease 

issued in January 2021, local infectious disease 

physicians in Malta started prescribing TCZ to 

patients who exhibit a sudden deterioration in 

condition after being diagnosed with COVID-19 

pneumonia.30-31 Sudden deterioration was 

determined by an acute increase in oxygen 

requirements and intensive care admission. 

Patients in whom the deterioration was more 

gradual or patients who have a serum alanine 

aminotransferase level 5 times above the upper 

limit of normal, were not considered for TCZ 

therapy. In suitable candidates, TCZ is given as a 

single dose of 8mg/kg intravenously up to a 

maximum dose of 800mg.31-32  

The main objective of our study is to monitor effects 

of TCZ on PCT levels, CRP, WCC, neutrophil and 

lymphocyte specific counts, NLR and P/F ratio from 

day of admission until discharge from intensive care 

in a population of patients admitted for COVID 

pneumonia receiving regular dexamethasone. 

METHODS 

This was a retrospective single centre study, in a 

general intensive therapy unit (ITU) in a tertiary 

University-affiliated hospital, with over 1,000 

admissions per year. Data protection and ethical 

approval were obtained from the relevant 

authorities. This trial was registered on the 

clinicaltrials.gov (NCT05035589). 

The first 50 consecutive COVID-19 patients 

admitted to ITU given TCZ were recruited to the 

treatment group. The control group for this study 

consisted of 50 patients, all admitted to ITU due to 

COVID-19, who were not given TCZ. They were 

matched with the treatment group for gender, age, 

length of stay in ITU and type of respiratory support 

(high flow nasal oxygen (HFNO) or mechanical 

ventilation) required.  

Blood panel results for PCT, CRP, WCC, neutrophils, 

lymphocytes and the P/F ratio at 6am each day were 

recorded from the day on which TCZ was given until 

twenty days post-administration, or until discharge 

from the ITU or death if this occurred earlier. The 

first set of parameters recorded in this group were 

generally taken on admission and just before the 

dose of TCZ is administered. 
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STATISTICAL ANALYSIS 

Results were analysed statistically using R Studio 

(version 1.4.1106) with R statistical package (version 

4.0.4). The data was checked for normality and 

skewness using visual methods and using Shapiro- 

Wilk normality tests. When appropriate, t-tests, 

Mann-Whitney U tests, Kruskal-Wallis test and chi-

squared tests were used for univariate analysis. 

With a p-value of 0.05 or less, the result was taken 

to be significant. 

The main outcome of the study was difference of 

PCT on Day 5, 10 and 15 between the two groups, 

using univariate tests. A linear mixed model was also 

used to compare the trajectories of individual 

patients in the two groups. The same methodology 

was then repeated for CRP, WCC, Neutrophil and 

Lymphocyte counts and the P/F ratio. 

Furthermore, the incidence of positive blood 

cultures, and the date of first positive culture was 

compared between the two groups.  

RESULTS 

The demographic data of the two groups are shown 

in Table 1. Given the small sample size, and that 

there were high levels of skewness in the data, 

median values with interquartile ranges are shown. 

There were no statistical differences between the 

two groups at baseline. 

 

Table 1:  Baseline demographic characteristics of the two groups of patients. Results reported as median 

 values [IQR].  

 Control Group Treatment Group p-value 

n 50 50  

Age (years)  68.5 [63.0 - 74.0]     66.0 [60.0 - 72.0]   0.22 

Male (n)     40 (80%)     41 (82%)   1.00 

Respiratory support     

- HFNO        18 (36%) 17 (34%) 1.00 

- Intubation  32 (64%) 32 (64%) 

- Non-rebreather 
mask        

0 (0%) 1 (2%) 

WCC      10.2 [7.9 - 12.5]  9.6 [7.3 - 12.6] 0.46 

Neutrophils 9.1 [6.9 – 10.9] 8.5 [5.4 – 10.9] 0.36 

Lymphocytes 0.6 [0.4 – 0.7] 0.6 [0.5 – 0.8] 0.55 

N/L Ratio 15.7 [9.3 – 21.1] 13.0 [8.7 – 18.5] 0.26 

PCT      0.4 [0.1 - 0.9]     0.4 [0.2 - 1.6]    0.48 

CRP on Day 0 127 [77.9 - 227.3] 140 [80.1 – 224] 0.99 

P/F Ratio      144 [112 - 192] 137 [104 - 195] 0.91 

Survived (n)  30 (60%) 38 (76%) 0.13 
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Table 2 summarises the differences observed in the 

values of all biochemical and clinical markers 

studied at day 5, day 10 and day 15, along with the 

p-values obtained in order to determine statistical 

significance.  Below is a breakdown of the findings 

from data analysis for each biochemical and clinical 

marker.  

Procalcitonin 

On univariate analysis, the PCT level was influenced 

by TCZ administration, on Day 5 with PCT values for 

the treatment group being 0.18 in the treatment 

group and 0.37 in the control group. The p-value 

obtained for this data was 0.19. On day 10 and day 

15, there still was a marked difference, but this was 

not statistically significant since the p-values were 

0.06 and 0.08 respectively. The values obtained for 

the two groups on these days were 0.31 for the 

treatment group on day 5 compared to 0.76 in the 

control group, and 0.37 in the treatment group at 

day 15 versus 0.77 in the control group,  

 

Table 2:  Difference in biochemical and clinical markers observed between the two groups at Day 5, 10 and 

 15, with corresponding p-values 

Parameter Day: Treatment Group Control Group p-Value 

PCT 5 0.18 [0.10 - 0.41] 0.37 [0.15 - 1.22] 0.019 
 10 0.31 [0.11 - 0.72] 0.76 [0.23 - 1.12] 0.08 
 15 0.37 [0.26 - 0.47] 0.77 [0.31 – 1.7] 0.06 
     
CRP 5 15.4 [9.0 - 22.9] 107.0 [51.3 - 181.0] <0.001 
 10 8.9 [3 - 33.8] 109.2 [65.1 - 178.7] <0.001 
 15 31.4 [11.9 - 65.1] 215.6 [84.8- 260.3] 0.0011 
     
WCC 5 9.6 [7.4 - 13.1] 11.3 [9.1 - 14.3] 0.20 
 10 11.7 [9.5 - 18.7] 12.0 [9.9 - 14.5] 0.92 
 15 8.4 [7.8 – 17.0] 10.4 [8.6 - 12.92] 0.49 
     
Neutrophils 5 7.7 [6.2 - 10.8] 9.7 [7.3 - 11.3] 0.16 
 10 9.9 [7.4 - 15.2] 9.9 [8.7 - 13.0] 0.96 
 15 6.8 [6.3 - 13.4] 8.4 [6.9 – 10.9] 0.34 
     
Lymphocytes 5 0.70 [0.40 - 0.93] 0.53 [0.40 - 0.79] 0.22 
 10 0.80 [0.46 - 1.37] 0.74 [0.41 - 0.95] 0.32 
 15 1.09 [0.54 - 1.39] 0.68 [0.55 - 1.14] 0.30 
     
NLR 5 11.0 [ 5.4 - 26.2] 17.3 11.5 – 26.9] 0.11 
 10 11.1 [5.9 - 21.52] 14.7 [9.7 - 27.8] 0.21 
 15 6.3 [5.2 - 14.3] 10.5 [7.7 - 18.4] 0.11 
     
P/F ratio 5 189 [ 131- 219] 158 [138 - 193] 0.20 
 10 187 [158- 240] 169 [136- 219] 0.071 
 15 195 [174- 251] 186 [135- 232] 0.34 
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Following TCZ administration, the median levels of 

PCT decreased until day 6, and started to increase 

again by day 7. 

A linear mixed effects analysis, to account for the 

repeated measures, showed that the TCZ 

administration affected the trajectory of PCT levels 

(Estimate -1.93, p-value 0.03).  

In fact, throughout the observed period, the median 

levels of PCT in the treatment group never exceeded 

0.5mcg/L, which is the cut-off level suggestive of 

infection.33 

Five patients (10%) who received TCZ had an 

increase in their PCT after the initial decrease. This 

started after an average of 5.2 days (range: 3 – 10 

days). 

Figure 1 depicts the described variations in PCT 

levels following administration of TCZ when 

compared to the control group.  

 

Figure 1:  PCT variation over twenty days in ICU admission, difference between tocilizumab test group and 

 control group. Data presented as median values, with error-bars indicating IQR. 
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C-Reactive Protein 

As seen in Table 1, CRP was significantly higher in 

patients who had not received TCZ at all points 

investigated. On day 5, the CRP in the treatment 

group was 15.4 compared to 107 in the control 

group. On day 10, the CRP in the treatment group 

dropped to 8.9 but that in the control group 

increased marginally to 109, and on day 15, the CRP 

value for the treatment group was 31.4, and that for 

the control group was 215.6. The p-values for all this 

data were below the 0.05 cut-off.   

The median levels of CRP decreased significantly 

over 8 days in the treatment group, then started to 

rise slowly again, but remained lower than 75mg/L. 

This is depicted in figure 2. 

Analysis using a linear mixed effect model confirms 

the above, with a marked effect of TCZ on CRP levels 

(Estimate: -63.8, p<0.0001). 

 

Figure 2:  CRP variation over twenty days in ICU admission, difference between tocilizumab test group and 

 control group. 
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White Cell Count, Neutrophil Count, Lymphocytic 

Count 

Figure 3 shows the median counts for White Cells, 

neutrophils, lymphocytes and the NLR.  

Although on Day 5 and 15, the total WCC and the 

neutrophil counts were higher in patients in the 

control group, this was not statistically significant. 

This was confirmed with analysis by a linear mixed 

effects model. 

Lymphocyte counts and the NLR were not different 

between the two groups. 

 

Figure 3:  WCC variation over twenty days in ICU admission, difference between tocilizumab test group and 

 control group. 
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PaO2 / FiO2 ratio 

As shown in Figure 4, there was no difference 

between the median P/F ratio in the first 20 days 

between the two groups. This was confirmed on a 

linear mixed model analysis. 

Microbiology 

Table 3 provides details of blood culture results for 

both bacterial and fungal cultures in the TCZ group 

as well as the control group, with the corresponding 

p-values.  

There was little difference in the number of patients 

who had a positive blood culture (excluding 

contaminants) between the two groups 

(tocilizumab group: 48% vs Controls: 40%, p-value= 

0.55). Positive cultures tended to occur earlier 

during the ITU stay in patients treated with TCZ, but 

this was not statistically significant (TCZ group: 6.5 

days vs Controls: 9 days, p-value=0.16). This is 

shown in Table 2. 

There was no difference in the incidence of fungal 

cultures in either group. 

 

Figure 4:  P/F ratio variation over twenty days in ICU admission, difference between tocilizumab test group 

 and control group.  
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Table 3:  Number of positive Blood culture results in both groups, median day of occurrence, and number 

 of positive Mycology results. These values are excluding cultures thought to be due to 

 contamination. 

                Control Group  Treatment Group p-value 

n 50 50  

Any positive blood 
culture 

20 (40%) 24 (48%) 0.55 

Day of occurence    9 [6 - 11.3]  6.5 [4 - 9] 0.16 

Fungal cultures  14 (28%) 10 (20%) 0.48 

 

DISCUSSION  

The primary aim of this study was to investigate 

whether the administration of TCZ in critically ill 

patients with COVID-19 pneumonia had a significant 

effect on PCT levels as well as on other commonly 

recorded clinical and biochemical markers in 

subsequent days.  

Our results show that PCT is significantly lowered 

following TCZ administration until the sixth day 

following dosing. After this point, the median PCT 

tended to be lower, but the difference was not 

statistically significant.  

Secondary aims of this study were the assessment 

of TCZ effects on other biochemical markers, 

namely CRP, WCC, lymphocytes and neutrophils, 

NLR and finally P/F ratio and positive blood cultures 

as clinical markers.  

CRP is lowered to a significant extent following TCZ 

administration. This decrease is sustained 

throughout all twenty days included in this study. 

Other parameters, mainly WCC, neutrophil and 

lymphocyte count, NLR were not significantly 

affected by the use of TCZ therapy, although they 

tended to be lower at all times during the study. P/F 

ratios and the rate of positivity of blood cultures 

(excluding contaminants) were also found to 

demonstrate no statistically significant difference 

between the treatment group and the control 

group.  

Some international studies have already hinted at 

results similar to those obtained from our cohort. 

PCT and CRP have been significantly lowered with 

TCZ administration, including in. patients who did 

not require mechanical ventilation, as was reported 

in the COVIDOSE trial.26,34-35  

With regards to other parameters, these are less 

extensively studied and conflicting reports seem to 

exist. An Indonesian study showed that NLR was 

improved in patients treated with TCZ.36 Rana et al37 

reported improvement in the P/F ratio of patients 

treated with TCZ.37 Salvarani et al38 found no benefit 

of TCZ treatment in patients with mild ARDS with 

regards to P/F ratio and CRP.38 Other studies 

described in the introductory section of this paper 

demonstrated various effects on inflammatory 

markers such as a lowering of PCT and D-dimer,29 as 

well as an overall positive effect on survival 

outcomes and weaning off mechanical ventilation.14 
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Studies that focus on PCT response in TCZ treatment 

are few and far between.  

The significance of this study is that it demonstrates 

that PCT and CRP may no longer be reliable markers 

of superinfection in the setting of severe COVID-19 

pneumonia in patients treated with TCZ. 

 TCZ itself is still associated with a risk of bacterial 

infection, although in COVID-related ARDS the 

benefits of its use seem to outweigh the risk in most 

cases.39 However, when monitoring for the 

development of infection, other markers such as 

WCC and bacterial cultures may have a more 

important role to play than the commonly used PCT 

and CRP values. Whether prophylactic antibiotics 

should be administered with TCZ in order to reduce 

the possibility of undetected superinfection is still a 

topic for ongoing discussion, since microbial 

resistance must be considered.40  

Limitations of this study include the relatively small 

sample size and the fact that only one centre was 

included. All patients received dexamethasone, so 

this could be a confounding factor that might have 

minimised bigger differences between the two 

groups.  

Further studies are required into the consequences 

of TCZ administration and the best way to prevent 

complications of bacterial superinfection in these 

patients. Larger trials and more prolonged studies 

are needed to better elucidate the exact effects and 

mechanisms of TCZ function in severe COVID-19, 

prior to officially encouraging a change in clinical 

practise.  

 

 

SUMMARY  

What is Currently Known about the Subject: 

• Tocilizumab, an interleukin-6 inhibitor often 

prescribed for rheumatoid arthritis, has shown 

survival benefit and a reduction in ventilation 

time in patients with severe COVID-19 

pneumonia.  

• In Malta, this treatment started being used in 

January 2021 for patients with COVID-19 

pneumonia that exhibited a sudden 

deteriorated in condition, as indicated by rapid 

increase in oxygen requirements and need for 

admission to intensive care. 

• Little data is available in the literature about the 

effect tocilizumab has on common biochemical 

and clinical markers of infection in this 

population of patients, and how the 

interpretation of these values may need to be 

altered in patients who have received the drug.  

The New Findings in this Study: 

• Tocilizumab significantly lowers the levels of 

procalcitonin and C-reactive protein in severely 

ill COVID-19 patients in the days following its 

administration. 

• This demonstrates that caution is required 

when relying on these inflammatory markers to 

diagnose a secondary or worsening infection, 

since they may be falsely low.  

• Other markers such as white cell count, 

neutrophil and lymphocyte count and 

PaO2/FiO2 ratio, as well as results of blood 

cultures are unaffected by this drug, and can 

therefore still be used as accurate markers for 

infective conditions.  
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