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ARTICLE INFO ABSTRACT

Keywords: Background: C-reactive protein (CRP) is a marker of inflammation and infection. The main
Tocilizumab proinflammatory cytokine that leads to CRP gene expression is IL-6. The study aimed to compare
Infection

CRP level between patients who were treated with Tocilizumab (TCZ), an il-6 receptor blocker,
and other advanced anti-inflammatory treatments (AAIT), as well as with other admitted and
non-admitted populations.

Methods: A cross-sectional study of all patients (>18 years) hospitalized at tertiary medical center
between December 2009 and February 2020 and treated before hospitalization with (AAIT). Only
the first hospitalization of each patient was included. Women admitted to obstetrics department
were excluded. Demographic data, first blood tests results, and comorbidities were collected.
Results: The study included 563 patients treated with AAIT (2.5% received TCZ). Patients treated
with TCZ were older (median 75 vs. 50 years, p < 0.001), had higher Charlson score (median 5 vs.
1, p < 0.001) and more infectious diseases at admission (50% vs. 23.4%, p = 0.05). Patients
treated with TCZ had lower CRP levels (median 0.5 vs. 25 mg/], p < 0.001) and more common
normal values (64.3% vs. 20.8%, p < 0.001) compared to patients treated with other AAIT.
CRP level in patients treated TCZ (median 0.5 mg/l) was lower than that of 58,548 patients
admitted to the hospital between 2010 and 2020 (median 12.55 mg/l, p < 0.001) and not sta-
tistically different from 140 non-admitted randomly selected individuals without acute disease
(1.33 mg/1, p = 0.294).

Conclusion: Tocilizumab is associated with lower levels of CRP in patients admitted to acute care
hospital. This finding must be considered by treating physician to avoid misinterpretation of CRP
results.

Rheumatoid arthritis
C-Reactive protein
Inflammation
Admission

1. Introduction

C-reactive protein (CRP) is an acute phase protein produced mostly in the liver in response to inflammation and infection. Within
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Abbreviations

IHD Ischemic heart disease

CVD Cardiovascular diseases

CHF Congestive heart failure

DM Diabetes mellitus

COPD Chronic obstructive pulmonary disease
PVD Peripheral Vascular Disease

AIDS Acquired immunodeficiency syndrome
TNF Tumor necrosis factor

JAK Janus kinase inhibitors

CRP C-reactive protein

WBC White blood cells

PLT Platelets

SBP Systolic blood pressure

DBP Diastolic blood pressure

TCZ Tocilizumab

IL Interleukin

tsDMARDS Targeted synthetic disease-modifying antirheumatic drugs
RA Rheumatoid arthritis

GCA Giant Cell Arteritis

IFX Infliximab

ADA Adalimumab

ETN Etanercept

wrCRP  Wide range CRP

AAIT advanced anti-inflammatory treatments

24-72 h of significant tissue injury, CRP levels in plasma may rise from around 1 mg/1 to over 500 mg/1 [1]. Increased levels of in-
flammatory cytokines, particularly interleukin-6 (IL-6), cause transcriptional activation of the CRP gene, which occurs mostly in
hepatocytes in the liver. IL-6, as well as IL-1 and Tumor Necrosis Factor-alpha, are the primary proinflammatory cytokines that cause
CRP gene expression [2].

CRP plays an important role in inflammatory response mainly via complement system activation and in host defense mechanisms
against infections [3]. The recent introduction of biologic and targeted synthetic disease-modifying antirheumatic drugs (tsDMARDS)
for the treatment of autoimmune diseases, acting via different molecular mechanisms (including mechanisms that interfere with in-
terleukins that are involved in CRP production) has led to significantly better control of inflammatory disease activity and subse-
quently to lowering of CRP levels in treated patients as a laboratory indicator of chronic inflammation. These agents are widely used
for the treatment of different inflammatory diseases like rheumatoid arthritis, psoriasis and psoriatic arthritis, ankylosing spondylitis,
inflammatory bowel disease and hematological diseases. CRP is an important indicator of infection [4], even in immunocompromised
patients [5,6] and was found to be an effective screening measure for sepsis in a meta-analysis of critically immunosuppressed patients
[71.

We previously reported 9 cases of patients on Tocilizumab treatment that were admitted to the hospital due to infectious diseases
and their CRP levels were normal or only slightly elevated. We also performed a literature search and found 28 case reports on this
specific issue, in 15 out of 28 reported cases, CRP was normal or only slightly elevated [8]. Tocilizumab is primarily used in rheu-
matology and is approved for the treatment of rheumatoid arthritis (RA) and Giant Cell Arteritis (GCA), and it was recommended by
the World Health Organization for the treatment of severe COVID-19 disease [9,10].

Different DMARDS may influence CRP levels due to their specific mechanisms of action and alter its usage as an important indicator
of acute infection/inflammation. In the study by Listing, mean CRP levels in RA patients treated with TNF-inhibitors (Etanercept or
Infliximab) were slightly elevated compared to the control group of RA patients on DMARD (mean CRP, ETA: 24.8 &+ 29.9 mg/I, IFX:
28.8 + 49.8 mg/1 for IFX, control: 23.7 4+ 30.6 mg/1) [11].

Evaluation of CRP level is an essential part of the assessment of patients in the emergency department. Therefore, the primary
objective of this study was to compare the CRP levels measured at admission to an acute care hospital between patients treated with
TCZ and patients treated with other biological or targeted DMARDs. The secondary objectives were to compare the CRP levels of the
admitted patients receiving TCZ to all other patients admitted with acute disease and to individuals without acute illnesses.

2. Methods
2.1. Study design, participants and setting

A cross-sectional study of all patients aged 18 years and above who were hospitalized at the Tel Aviv Sourasky Medical Center
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(TASMC) between December 2009 and February 2020 and treated before hospitalization with biological or targeted DMARDs. TASMC
is a tertiary referral university affiliated 1500 beds medical center located in the center of Israel. Patients who were admitted to the
obstetrics ward were excluded. Only the first hospitalization of each patient during the study period was included. The study was
approved by the ethical committee of Tel Aviv Sourasky Medical Center (0491-17-TLV).

2.2. Variables and data source

Data was obtained from the TASMC data warehouse using MDClone software (version 5.5.0.5). MDClone is a query tool that
provides comprehensive patient-level data of wide-ranging variables in a defined time frame around an index event. Data on age,
gender, comorbidities, Charlson score, first blood tests results and first vital signs were extracted.

First white blood cells count, neutrophils count, platelets count, hemoglobin, c-reactive protein, creatinine and albumin during
hospitalization were collected. Comorbidities were defined according to Charlson score criteria [12]. Heart rate, systolic and diastolic
blood pressure and body temperature were also extracted. Chemistry blood tests were measured by the ADVIA, Siemens Healthcare
Diagnostic Inc. The ADVIA chemistry Wide-Range C-Reactive Protein (wrCRP) method measures CRP in serum and plasma by
latex-enhanced immunoturbidimetric assay. The wrCRP laboratory methods were described previously [13]. Blood cells count was
performed by using the Beckman Coulter UniCel. wrCRP values were also categorized as normal and above normal using 5 mg/L as a
threshold value.

Data on background DMARDS treatment was collected and then categorized to one of the two following groups: tocilizumab
treatment and other treatments. In further investigation, the other treatments groups were divided into 3 subgroups: anti-TNF sub-
group which included Infliximab (IFX), Adalimumab (ADA), etanercept (ETN), Golimumab, and Certolizumab, JAK-inhibitor sub-
group which included Tofacitinib and Baricitinib, and another subgroup which included Rituximab, Abatacept and Anakinra.

2.3. Sample size

The study sample size was determined by the number of people who met the inclusion and exclusion criteria. Fourteen patients
were treated with TCZ while 549 were treated with other advanced anti-inflammatory agents. We used effect size d to calculate the
power of the study. A difference of at least 0.8 standard deviations (equal to d = 0.8) between groups was applied to calculate the
power of the study. Using a significance level of 5% revealed a power of 84%.

2.4. Additional comparison groups for the secondary objectives

To compare the CRP levels of admitted TCZ patients to those of other admitted patients with acute illness, we obtained data on first
CRP levels of all admitted patients to our hospital during years 2010-2020. The data was obtained using MDClone tool.

In order to compare the CRP level in the admitted patients receiving TCZ to that of individuals without acute disease, a second
comparison group was selected from the Tel Aviv Medical Center Inflammation Survey (TAMCIS) database. This database includes
individuals who have attended the Tel Aviv Medical Center for a routine annual health check-up and agreed to participate in the
inflammation survey. wrCRP was evaluated on a regular basis for all participants [13-15]. Since the mean age of the participants in the
routine annual examination was lower, we divided the participants into age groups (<50, 50-59, 60-69, 70-79 and 80+ years) and
randomly selected 10 participants in the same age group for each patient who received TCZ.

2.5. Statistical methods

Categorical variables were summarized as frequency and percentage. Continuous variables were evaluated for normal distribution
using histogram and Q-Q plot. Normality distributed variables were described as mean and standard deviation (SD) while other
variables were reported as median and interquartile range (IQR). Chi-square test and Fisher’s exact test were applied to compare
categorical variables between groups while independent samples T-test, Mann Whitney test, Analysis of Variance (ANOVA) and
Kruskal Wallis test were used to compare continuous variables. All statistical tests were two sided and p-value<0.05 was considered as
statistically significant. SPSS software (IBM SPSS Statistics for Windows, Version 27, Armonk, NY, USA, 2020) was used for all sta-
tistical analyses.

3. Results
3.1. Study population

The study included 563 patients (median age 51.1 years, 46% male), of whom 343 were hospitalized in internal medicine wards
and 113 in surgical wards. All other patients (107) were hospitalized in other departments. Study population characteristics are
summarized in Table 1(A). Two hundred and twelve patients (37.7%) had CTDs (Rheumatoid Arthritis: 122, 21.7%; Axial Spondy-
loarthritis: 38, 6.7%; Psoriatic Arthritis: 36, 6.7%; other CTDs: 26, 12.2%).

Two and half percent of the study population received TCZ (appendix 1). Adalimumab was the most widely used medicine in the
study population (43.2%), followed by IFX (23.1%) and ETA (14.9%). All other treatments were relatively rarely used (<5%) as
described in Table 1(B).
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Median CRP in the whole study population was above the normal range (24.7 mg/1) and overall elevated in 78% of patients. Median
WBC, neutrophil, lymphocytes, PLT count and creatinine as well as mean albumin level were in the normal range. Blood tests and vital
signs at time of hospitalization are reported in Table 1(C). The characteristics of the patients who had RA and CTDs are summarized in

Table 1

Patients’ characteristics: (A) demographic and clinical, (B) advanced anti-inflammatory treatments, (C)

blood tests and vital signs.

A - Demographic, comorbidities and admission parameters

Age (years), median (IQR)
Male
Department of hospitalization
Internal medicine wing
Dermatology
Surgery wing
Orthopedics
Gynecology
Intensive care
Reason for hospitalization
Infectious
Non infectious
Comorbidities*
IHD
CVD
CHF
DM
COPD
PVD
Renal disease
Dementia
Liver disease
Tumor
Lymphoma
Peptic ulcer
AIDS
*Noted in 303 patients in whom Charslon score was available in the data search results

N = 563

51.1 (33.4-66.26)
46%

60.9%
11.0%
20.1%
3.0%
3.9%
1.1%

23.6%
76.4%

2.3%
4.2%
3.6%
12.3%
11.0%
1.9%
6.1%
0.0%
3.9%
5.8%
1.3%
1.6%
0.3%

B - Chronic advanced anti-inflammatory treatment

Tocilizumab
Anti-TNF
Infliximab
Adalimumab
Etanercept
Certolizumab
Golimumab
JAK-inhibitor
Tofacitinib
Baricitinib
Others
Rituximab
Abatacept
Anakinra

C - Blood tests and vital signs

2.5%

23.1%
43.2%
14.9%
1.6%
2.8%

3.7%
0.2%

4.3%
2.3%
1.4%

Blood tests
CRP (mg/dL), median (IQR)
WBC (K/pL), median (IQR),
Neutrophils (K/pL), median (IQR)
PLT (K/pL), median (IQR)
Albumin (g/L), mean (SD)
Creatinine (mg/dL), median (IQR)
Vital signs
Heart rate (bpm), mean (SD)
SBP (mmHg), mean (SD)
DBP (mmHg), mean (SD)
Temperature (Co), mean (SD)

24.7 (6.5-93.6)
8.6 (6.3-11.1)
5.6 (3.8-8.3)
236 (180-306)
36.7 (5.8)

0.80 (0.65-0.99)

81 (16.03)
127 (21.56)
73 (19.92)
36.8 (0.47)

IHD - Ischemic heart disease; CVD - Cardiovascular diseases; CHF - Congestive heart failure; DM - Diabetes
mellitus; COPD - Chronic obstructive pulmonary disease; PVD - Peripheral Vascular Disease; AIDS - Ac-
quired immunodeficiency syndrome; TNF - Tumor necrosis factor; JAK - Janus kinase inhibitors; CRP - C-
reactive protein; WBC - White blood cells; PLT - Platelets; SBP - Systolic blood pressure; DBP - Diastolic

blood pressure.
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appendixes 2 and 5, respectively.

3.2. Tocilizumab versus all other treatments

Patients treated with TCZ were older (median 75 vs. 50 years, p < 0.001), and had higher Charlson scores (median 5 vs. 1, p <
0.001). Comparison of demographic characteristics and comorbidities are summarized in Table 2(A). Patients treated with TCZ had
lower CRP levels than those treated with other medications (median 0.5 vs 25 mg/1, p < 0.001, Fig. 1). In both treatment groups, CRP
level was taken in a median time of approximately 16 h after admission (p = 0.558). WBC parameters (total, neutrophils and lym-
phocytes) as well as creatinine and albumin levels, were not statistically different between groups. Platelet level was lower in the TCZ
group (149 vs. 238, p < 0.001). Vital signs were not statistically significantly different between groups. Comparison of blood tests and
vital signs between those who were treated with TCZ and other treatments are summarized in Table 2(B).

When we categorized CRP into normal and abnormal values, 64.3% of patients who were treated with TCZ had normal CRP values
while only 20.8% of the patients treated with other medications had normal values (p < 0.001). To notice, the patients who were
treated with TCZ, had two times more infectious diagnoses on admission compared to patients treated with other medicines (50% vs
23.4%, p = 0.05). In patients treated with TCZ and hospitalized with infectious disease (7 patients), only one patient had significant
CRP elevation (149 mg/1), 4 patients had intermediately increased CRP levels (6.1-31.9 mg/1) and 3 patients had CRP levels within the
normal range.

In further analyses, only patients who had RA and CTDs were included. The comparison of demographic characteristics, comor-
bidities, blood tests and vital signs between those who were treated with TCZ and other treatments are summarized in appendixes 3
and 6.

3.3. Tocilizumab versus anti-TNF, JAK-i and other treatment groups

Patients treated with TCZ were also compared to patients treated with anti-TNF (n = 482), JAK-I (n = 22) and other treatments (n
= 45). Age, gender, infectious disease diagnosis, WBC count and CRP levels in each treatment group are summarized in Table 3.
CRP level in the TCZ group (median 0.5 mg/1) was lower than that measured in anti-TNF group (24.09 mg/], p < 0.001), JAK-i

Table 2
Comparison between the patients treated with TCZ and those who treated with other advanced anti-inflammatory drugs.
Anti-inflammatory treatment p-value
Tocilizumab Other
Age (years), median (IQR) 75.3 (65.3-85.2) 50.2 (33.3-65.6) <0.001
Male 35.7% 46.3% 0.434
Diagnosis of infectious disease on admission 50.0% 23.4% 0.050
Concurrent steroids use 35.7% 34.6% >0.999
Comorbidities
IHD
CVD 0.0% 4.4% >0.999
CHF 14.3% 3.1% 0.083
DM 7.1% 12.5% >0.999
COPD 42.9% 9.5% 0.002
PVD
Renal disease 14.3% 5.8% 0.210
Liver disease 0.0% 4.1% >0.999
Tumor 7.1% 5.8% 0.576
Lymphoma 7.1% 1.0% 0.170
Peptic ulcer 0.0% 1.7% >0.999
AIDS 0.0% 0.3% >0.999
Charlson Score, median (IQR) 5 (4.8-6.3) 1(0-3) <0.001
Blood tests
CRP (mg/dL), median (IQR) 0.5 (0.05-21.21) 25.06 (7.25-94.86) <0.001
WBC (K/pL), median (IQR), 9.3 (6.4-11.5) 8.5 (6.3-11.1) 0.720
Neutrophils (K/pL), median (IQR) 6.6 (4.0-8.9) 5.6 (3.8-8.3) 0.711
Lymphocytes (K/pL), median (IQR) 1.7 (0.9-2.1) 1.7 (1.2-2.3) 0.631
PLT (K/pL), median (IQR) 149 (124-210) 238 (184-308) <0.001
Albumin (g/L), mean (SD) 38(3.9) 36.6 (5.8) 0.384
Creatinine (mg/dL), median (IQR) 0.78 (0.6-1.17) 0.80 (0.65-0.99) 0.988
Vital signs
Heart rate, mean (SD), bpm 80.7 (13.4) 81.2 (16.1) 0.896
SBP, mean (SD), mmHg 136.9 (18.7) 126.9 (21.6) 0.085
DBP, mean (SD), mmHg 75.1 (10.5) 73.7 (14.0) 0.748
Body temperature, mean (SD),Co 36.6 (0.4) 36.8 (0.5) 0.176

IHD - Ischemic heart disease; CVD - Cardiovascular diseases; CHF - Congestive heart failure; DM - Diabetes mellitus; COPD - Chronic obstructive
pulmonary disease; PVD - Peripheral Vascular Disease; CRP - C-reactive protein; WBC - White blood cells; PLT - Platelets; SBP - Systolic blood pressure;
DBP - Diastolic blood pressure.
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Fig. 1. Box and whisker plot demonstrating the distribution of CRP level in patients treated with Tocilizumab and patients treated with other anti-
inflammatory medications.

group (19.64 mg/1, p = 0.008), and other treatment group (93.32 mg/1, p < 0.001, Fig. 2).
As previously, further analyses that included only patients who had RA and CTDs were performed. These analyses are summarized
in appendixes 4 and 7 respectively.

3.4. CRP level in patients treated with Tocilizumab in comparison to all other admissions

CRP level in patients treated with Tocilizumab was also compared to the CRP level of 58,548 patients that were admitted to the
hospital between 2010 and 2020 and CRP level at admission was available. Median first CRP in the 58548 admissions was significantly
higher (median 12.55 mg/1, IQR 2.65-54.84) the those treated with TCZ (median 0.5 mg/], IQR 0.05-21.21, p < 0.001).

3.5. CRP level in admitted patients treated with Tocilizumab in comparison to non-admitted individuals without acute disease

The median CRP level at the 140 selected TAMCIS participants (1.33 mg/1, IQR 0.61-2.28) was not statistically different (p =
0.294, Fig. 3a) of the admitted patients receiving TCZ (0.50 mg/1, IQR 0.05-21.21). When we compared separately TCZ patients (n =
7) who admitted and diagnosed with an acute infection (median 6.12, IQR 0.03-31.89) to 70 selected TAMCIS participants (1.07 mg/I1,
IQR 0.62-3.50), no statistically different was observed (p = 0.348, Fig. 3b). However, when we compared separately TCZ patients (n =
7) who were admitted and diagnosed with other acute illnesses (median 0.08, IQR 0.05-1.11) to 70 selected TAMCIS participants
(1.43 mg/1, IQR 0.58-2.62), a statistically significant difference was observed (p = 0.013, Fig. 3c).

4. Discussion

TCZ, a medication that is primarily used in rheumatology practice, may decrease CRP levels due to its specific mechanism of action
related to IL-6 inhibition [16].

To our knowledge, this is the first study in patients admitted to acute care hospital that compares CRP levels between patients
treated with TCZ and patients treated with other types of biologic and targeted synthetic DMARDS, as well as, comparison with other
admitted patients and non-admitted non-acute illness individuals.

Evaluation of CRP levels is essential and especially in the early stages of an urgent medical referral. The level of CRP taken from
patients in the emergency department was found in a previous study at our center to be associated with recurrent referrals within 7
days [17]. Understanding whether certain medications affect CRP levels is crucial in order to know how to interpret the test result.

There is scarcity of data regarding the influence of the advanced biological treatments on the c-reactive protein levels at hospital
admission. Typically patients present to their treating physician during the acute phase of their illness (for example active RA or
inflammatory bowel disease exacerbation) with high CRP levels and are treated with advanced anti-inflammatory drugs which are
expected to reduce the inflammation and thus lower CRP levels. The existing data mainly refers to decrease of CRP levels due to
improvement of the inflammatory disease activity, but there is a lack of data about CRP levels at acute illness which requires hospital

Table 3
Influence of TCZ in comparison with other treatment groups.
Anti-inflammatory treatment p-value
TCZ Anti-TNF JAK-i Other
Age (years), median (IQR) 75.28 (65.3-85.24) 45.79 (31.93-64.06) 64.01 (51.66-81.16) 62.1 (56.17-79.63) <0.001
Male 35.7% 49.0% 22.7% 28.9% 0.006
Diagnosis of infectious disease on admission 50.0% 22.4% 38.1% 26.7% 0.040
CRP (mg/dL), median (IQR) 0.5 (0.05-21.21) 24.09 (6.54-91.81) 19.64 (6.65-76.71) 93.32 (16.95-172.16) <0.001
WBC (K/pL), median (IQR), 9.25 (6.4-11.53) 8.6 (6.4-11.1) 7.45 (5.08-9.88) 7.8 (5.95-12.95) 0.315

TCZ - Tocilizumab; TNF - Tumor necrosis factor; JAK - Janus kinase inhibitors; CRP - C-reactive protein; WBC - White blood cells.



M. Berman et al.

wrCRP (mg/L)

350

300

250

200

150

100

amoooco @ 000

-

Tocilizumab TNF inhibitors

JAK inhibitors Other

Heliyon 9 (2023) e16665

Fig. 2. Box and whisker plot demonstrating the distribution of CRP level in patients treated with Tocilizumab and patients treated with TNF-i, JAK-i
and other anti-inflammatory medications.
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admission. TNF-i decreases CRP levels, generally slightly more than csDMARDs in equivalent patient populations [18]. CRP levels may
be reduced by roughly 10 mg/1 using JAK inhibitors that target downstream signaling pathways of IL-6 and other cytokines, with the
reduction being dose dependent [19,20].

In this study we showed that levels of CRP at admission in patients treated with TCZ are significantly lower (0.5 mg/1, IQR
0.05-21.21) in comparison to patients treated with other biologic and targeted DMARDS (25.06 mg/1, IQR 7.25-94.86, p < 0.001).
Even this study had limited power due to the small sample size, we were able to demonstrate a significant difference between these two
groups of patients.

We also demonstrated that CRP level was lower in TCZ treated patients compared to patients treated with TNFa-i (24.09 mg/1, IQR
6.54-91.81, p < 0.001), JAK-i (19.64 mg/], IQR 6.65-76.71, p = 0.008) and other group which included RTX, ABA and Anakinra
(93.32 mg/1, IQR 16.95-172.16, p < 0.001). This study also provides evidence that CRP level in patients treated with TCZ is signif-
icantly lower in comparison with the general population admitted to acute care hospital. The median CRP level of the admitted pa-
tients who were treated with TCZ was lower that of non-admitted individuals without acute disease, however it was not statistically
different. When we compared separately, TCZ patients with acute infection to the individuals without acute disease the median CRP
was slightly higher (not statistically significant) but when TCZ patients with other acute disease were compared they had significantly
lower CRP level that the individuals with acute disease. These findings highlight the importance of the accurate interpretation of CRP
level in patients admitted to the hospital, as CRP is an important laboratory marker of inflammation and infection.

It has been suggested that medications of JAK-i class may also decrease CRP levels dramatically due to influence of JAK inhibition
on production of IL-6 [21]. In our study, CRP levels in the JAK-i treated group were not significantly different from that of the Anti-TNF
treated group, 19.64 mg/1 (IQR 6.65-76.71) vs 24.09 mg/1 (IQR 6.54-91.81, p = 0.42). CRP levels were significantly lower in TCZ
treated group versus JAK-i treated group which emphasizes the action of TCZ.

Another important finding is that PLT level in TCZ treated patients was significantly lower compared with the other agents. This
may be explained by the fact Interleukin 6 (IL-6) stimulates megakaryocytopoiesis in the bone marrow, increasing platelet numbers in
the circulation and thus, blocking the il-6 pathway may decrease PLT levels [22].

The study had several limitations. First, the study is based on electronic medical records, which were scanned by using ICD-9 codes
and codes of the medications, documented during the patients hospitalization, and the files were not evaluated by the researchers. TCZ
patients as well as all other patients were scanned using the same methods, which reduces the probability of information bias.

Second, we did not have data of the timing of administration of the last dose of advanced anti-inflammatory drug and therefore we
could not evaluate the association between time from administration and CRP level. Third, the study had limited power however a
significant difference in CRP level was found between patients treated with TCZ and other advanced anti-inflammatory drugs. This
finding demonstrates the significant difference between groups of treatments.

In the last 2 years use of TCZ in clinical practice has strikingly increased due to COVID-19 pandemic. The findings of this study can
be generalized to the community of patients who had TCZ treatment for COVID-19, with the caveat that CRP levels may not accurately
reflect these patients’ infectious status.

As CRP may not be a reliable indicator to identify inflammation in patients receiving TCZ treatment, other methods have been
proposed [8]. In patients with suppressed CRP levels an increased IL-6 levels during TCZ therapy could serve as a potential marker of
inflammation [23]. Another study demonstrated that the neutrophil-to-lymphocyte ratio (NLR) could be useful for predicting bacterial
infections in RA patients treated with TCZ [24]. Procalcitonin, an independent marker of bacterial infections not influenced by IL-6,
has been proposed as a preferred surrogate marker during TCZ treatment to detect bacterial infections [25]. In addition, monitoring
neutrophil CD64 levels may also assist in early identification of infection among patients undergoing interleukin-6 receptor antagonist
therapy [26].

In conclusion, Tocilizumab, an IL-6 receptor blocker, was associated with lower levels of CRP versus other advanced immuno-
suppressive treatments in patients admitted to acute care hospitals even though these patients were older and had more infectious
diseases. This fact may potentially lead to inaccurate assessment of patients presenting with infectious disease and underestimate the
intensity of their infectious process.

In conclusion, Tocilizumab, an IL-6 receptor blocker, was associated with lower levels of CRP in patients admitted to an acute care
hospital than that of admitted patients that were treated with other advanced immunosuppressive treatments as well as all other
admissions. Admitted patients treated with TCZ were not found to be different in their CRP level from a non-hospitalized and non-acute
disease population. This fact may potentially lead to misinterpretation of CRP level in patients presenting with acute illnesses to
emergency department and the treating physician must consider it.
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