
Journal Pre-proof

Monitoring Neutrophil to Lymphocyte Ratio in COVID-19 Patients Receiving
Tocilizumab

Nicholas L. Hartog, MD, Alan T. Davis, PhD, Jeremy W. Prokop, PhD, Andrew Walls,
MD, Surender Rajasekaran, MD, MPH

PII: S1081-1206(20)31269-2

DOI: https://doi.org/10.1016/j.anai.2020.12.014

Reference: ANAI 3450

To appear in: Annals of Allergy, Asthma and Immunology

Received Date: 24 November 2020

Revised Date: 14 December 2020

Accepted Date: 28 December 2020

Please cite this article as: Hartog NL, Davis AT, Prokop JW, Walls A, Rajasekaran S, Monitoring
Neutrophil to Lymphocyte Ratio in COVID-19 Patients Receiving Tocilizumab, Annals of Allergy, Asthma
and Immunology (2021), doi: https://doi.org/10.1016/j.anai.2020.12.014.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights
reserved.

https://doi.org/10.1016/j.anai.2020.12.014
https://doi.org/10.1016/j.anai.2020.12.014


Monitoring Neutrophil to Lymphocyte Ratio in COVID- 19 Patients 
Receiving Tocilizumab  

Nicholas L Hartog, MD 1-3 ; Alan T. Davis, PhD 4,5 ; Jeremy W Prokop, 
PhD6,7 ; Andrew Walls, MD 8; Surender Rajasekaran 1,3 , MD, MPH 6,8,9 

1Michigan State College of Human Medicine, Grand Rap ids, MI 
2Pediatric Allergy and Immunology, Helen DeVos Child ren’s 
Hospital, Grand Rapids, MI 
3Adult Allergy and Immunology, Spectrum Health, Gran d Rapids, MI 
4Department of Surgery, Michigan State University Co llege of 
Human Medicine, Grand Rapids, MI 
5Spectrum Health Office of Research and Education, G rand Rapids, 
MI 
6Department of Pediatrics and Human Development, Mic higan State 
University College of Human Medicine, Grand Rapids,  MI 
7Department of Pharmacology and Toxicology, Michigan  State 
University, Grand Rapids, MI 
8Helen DeVos Children’s Hospital, Grand Rapids, MI 
9Pediatric Intensive Care Unit, Helen DeVos Children ’s Hospital, 
Grand Rapids, MI 
 
Corresponding Author: 
Nicholas Hartog 
35 Michigan Street NE, Suite 3003 
Grand Rapids, MI 49503 
Nicholas.hartog@spectrumhealth.org 
Phone:  6161-267-8150 
Fax:  616-267-2851 
 
Word count:  1000 words 

No forms of support were received for this work. 

Conflicts of interest: 
ATD, JWP, AW have no conflicts of interest to decla re  
SR has unrelated NIGMS funded parent R01 (1R01GM134 307-01) on 
pediatric multi-organ dysfunction  
NLH has relationships with Genentech (Advisory boar d), Horizon 
Pharmaceuticals (advisory board and speakers bureau ), Takeda 
(speakers bureau), Orchard Therapeutics (advisory b oard), 
Pharming Healthcare (advisory board) that are all u nrelated to 
current topic  
 

Jo
urn

al 
Pre-

pro
of



1 

 

Abbreviations 1 

CRP—C-reactive protein 2 

NLR—neutrophil to lymphocyte ratio 3 

NET—neutrophil extracellular traps 4 
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The novel coronavirus disease (COVID-19) is an infe ctious 6 

disease caused by SARS-CoV-2, an enveloped non-segm ented 7 

positive-sense RNA β-coronavirus. The virus can trigger a 8 

cascade of biological events that can lead to criti cal illness. 9 

It is urgent to gain an in-depth understanding of t he critical 10 

activators that foreshadow patients highest risk fo r 11 

mortality.(1) Patients who have received tocilizuma b for COVID-12 

19 related cytokine storm have had improvements in c-reactive 13 

protein (CRP), lymphocytosis, and chest CT findings .(2)  There 14 

exist a lack of understanding on which patients wou ld benefit 15 

from Tocilizumab administration. We aimed to charac terize the 16 

group of patients that received Tocilizumab and fai led to 17 

improve, needing mechanical ventilation, or sufferi ng mortality. 18 

We studied clinical and laboratory variables in pat ients 19 

receiving Tocilizumab; comparing those that did not  require 20 

mechanical ventilation to those needing mechanical ventilation 21 

including those that suffered mortality. 22 

Adult patients with PCR-confirmed COVID-19 infectio n treated 23 

with tocilizumab at Spectrum Health System Hospital s from March 24 

20-May 18 were studied.  Laboratory indices analyze d were 25 

metabolic panel, blood count, CRP, ferritin, fibrin ogen, d-26 

dimer, lactate dehydrogenase, and triglycerides. Ou r 27 

Institutional protocol dictated that patients recei ved 28 

tocilizumab when they required at least 4 liters of  oxygen or 29 
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more respiratory support and <14 days of symptoms.  Tocilizumab 30 

dosing was: 400 mg for 50-60 kg, 600 mg for 60-85 k g and 800 mg 31 

for >85 kg.  Doses could be given every 8 hours, fo r a maximum 32 

of 3 doses.  Day 0 was defined as the day tocilizum ab was 33 

started.  Cytokine panels were performed on day 0.  Patients 34 

were followed for maximum of 30 days until they met  the endpoint 35 

of hospital discharge or mortality.   36 

Quantitative data was expressed as mean+SD, whereas  nominal data 37 

as percentages.  The groups studied (intubated vs. non-intubated 38 

or survivors vs. deceased) were analyzed using the unpaired two-39 

tailed t-test, while difference for nominal data we re determined 40 

using the chi-square test or the Fisher’s Exact tes t. In 41 

addition, mixed effects general linear modeling was  performed.  42 

The independent variables were days following tocil izumab 43 

administration (Day -1, 0, 1 and 3; reference value : Day 0), and 44 

either intubation status or mortality.    45 

For all analyses, significance was assessed at p < 0.05.  All 46 

analyses were performed using Stata v.16.1 (StataCo rp, College 47 

Station, TX).  48 

Baseline characteristics revealed more type 2 diabe tes in 49 

intubated patients and more smokers in the deceased  group (table 50 

1).  Neutrophil-to-lymphocyte ratio (NLR) increased  from day -1 51 

to 0 in intubated patients (p=0.057) and NLR showed  a decrease 52 
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in the non-intubated group from 6.9 to 3 compared t o 6.8 to 6.7 53 

from day 0 to 3 in the intubated group.  Similarly,  in 54 

survivors, there was a significant decrease in NLR from day 0 to 55 

day 3 from 7.1 to 3.3 (51.2% decrease) whereas in n on survivors 56 

an increase from 5 to 6.8 (33.6% increase). In all groups, mean 57 

absolute neutrophil count was highest on day 0.  In  non-58 

survivors day 0 ALC was 34.1% lower (p=0.046).  No significant 59 

interactions were seen in NLR from day -1 to day 0 in all 60 

groups.  61 

Only IL-10 and IL-6 were higher in intubated patien ts compared 62 

to not-intubated patients (20.4 pg/mL versus 9.5, p =0.001; 26.5 63 

pg/mL versus 10.5, p=0.002); there was no differenc e in sIL2r, 64 

IL-10, and IL-6 in patients who survived compared t o deceased.  65 

A moderate correlation was observed between day 0 N LR and IL-6 66 

( ρ=0.307; p=0.021) and between day 0 NLR and CRP (r=0 .326; 67 

p<0.001).  No correlation was observed between day 0 NLR and 68 

sIL2r, IL-10, or ferritin. 69 

Studies have shown an increased NLR to be an indepe ndent risk 70 

factor for severity in patients with COVID-19 infec tions.  This 71 

is congruent with mounting evidence on importance o f neutrophil 72 

response in severe COVID-19.  While non-specific, e xisting 73 

cohorts have shown onetime NLR>3.13 and interquarti le NLR range 74 

of 5.82-15.1 to be predictive of critical illness, and 75 
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persistent elevation correlated with death.(3, 4)  The mean 76 

ratio dropped between day 0 and 3 across all groups  except in 77 

the patients suffering mortality. Further, NLR corr elated with 78 

IL-6 levels and may represent a proxy to monitor re sponse to IL-79 

6 blockade. 80 

Beyond neutrophilia, neutrophil activation and degr anulation are 81 

the most biologically active processes in severe CO VID-19.(5) 82 

Increased activated neutrophil extracellular traps (NETs) is 83 

associated with severity of illness in patients wit h severe 84 

COVID-19.(6, 7)  NET activation contributes to neut rophilia in 85 

COVID-19 simultaneously increasing IL-1 β and IL-6, giving 86 

biologic plausibility to their respective blockade being 87 

therapeutic in severe COVID-19.(6, 7)   88 

The patients that seem to have a more favorable cli nical course 89 

after Tocilizumab are the same patients that showed  a drop in 90 

neutrophil levels. This is  true for other biologic al conditions 91 

in which patients receiving Tocilizumab have shown clinical 92 

improvement which correlated with a drop in neutrop hil count 93 

during therapy.(8, 9).  The elevated IL-6 and IL-10  and 94 

persistently elevated NLR in the deceased group ind icate that 95 

further studies may be needed to determine if the e levated 96 

levels suggest an advanced disease state resistant to 97 

Tocilizumab therapy. We posit Immunophenotyping suc h differences 98 
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in prospective trials will be imperative to individ ualize 99 

treatment for these patients.   100 

 Limitations of our cohort include its retrospectiv e nature and 101 

smaller number of patients. Because all patients in  the cohort 102 

received tocilizumab due to the severe nature of th eir illness, 103 

we are unable to make a statement on clinical effec tiveness of 104 

tocilizumab.  We instead focused on biologic marker s that could 105 

be indicative of disease severity and death.  Our s tudy period 106 

encompassed a time of varying hydroxychloroquine us e, and 107 

dexamethasone was not widely used, however there wa s no baseline 108 

difference between the groups.  109 

This report suggests that persistently elevated NLR  is 110 

associated with unfavorable outcomes, but it is unc lear whether 111 

COVID-19 disease, secondary infections, or other ca uses are 112 

driving elevated NLR in patients with more severe d isease.  We 113 

suggest that an elevated NLR is one potential marke r. Further 114 

prospective studies are needed to show performance of NLR versus 115 

or in combination with other markers (CRP, compleme nt 116 

components, cytokines, etc).  NLR should be conside red as a 117 

marker COVID-19 that is resistant to anti-inflammat ory therapy 118 

with need for infection monitoring and need for agg ressive life 119 

support measures. 120 

 121 
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Table 1 

 Intubation Mortality 

 No 

(n=34) 

Yes 

(n=32) 

p No 

(n=54) 

Yes 

(n=12) 

p 

Age (Mean) 56.1+15.2 57.2+11.0 0.745 55.2+13.4 63.3+10.

6 

0.053 

Gender (%)   0.569   0.512 

   Male 20 (58.8%) 21 (65.6%)  32 (59.3%) 9 (75.0%)  

   Female 14 (41.2%) 11 (34.4%)  22 (40.7%) 3 (25.0%)  

Race/Ethnicity   0.414   0.463 

   Caucasian 11 (32.4%) 13 (40.6%)  18 (33.3%) 6 (50.0%)  

   African American 4 (11.8%) 3 (9.4%)  5 (9.3%) 2 (16.7%)  

   Hispanic 14 (41.2%) 15 (46.9%)  25 (46.3%) 4 (33.3%)  

   Asian 5 (14.7%) 1 (3.1%)  6 (11.1%) 0 (0%)  

       

BMI (Mean) 29.7+5.0 31.4+7.2 0.259 30.1+5.4 32.2+9.2 0.304 

GFR > 60 (N) 28/31 

(90.3%) 

26/31 

(83.9%) 

0.707 45/50 

(90.0%) 

9 

(75.0%) 

0.177 

Diabetic  7 (20.6%) 18 (56.3%) 0.003 19 (35.2%) 6 (50.0%) 0.348 

Smoking History 9 (26.5%) 15 (46.9%) 0.085 13 (24.1%) 11 

(91.7%) 

<0.001 

Hypertension 15 (44.1%) 21 (65.6%) 0.079 26 (48.2%) 10 

(83.3%) 

0.051 

Tocilizumab Dose (mg) 688+112 688+113 0.979 693+108 667+130 0.471 

Number of Tocilizumab 

Doses 

  0.147   0.659 

   1 1 (2.9%) 0 (0%)  1 (1.9%) 0 (0%)  

   2 5 (14.7%) 1 (3.1%)  6 (11.1%) 0 (0%)  

   3 28 (82.4%) 31 (96.9%)  47 (87.0%) 12 

(100%) 

 

Additional Therapies       

   Convalescent Plasma 11 (32.4%) 14 (43.8%) 0.340 20 (37%) 5 (41.7%) 0.754 

   Remdesivir 0 1 (3.1%) 0.485 0 1 (8.3%) 0.182 

   Hydroxychloroquine 20 (58.8%) 18 (56.3%) 0.833 33 (61%) 5 (41.7%) 0.333 

   Corticosteroids 5 (14.7%) 9 (28.1%) 0.183 11 (20.4%%) 3 (25%) 0.708 

Infections       

   Positive sputum cultures    11 (20.2%) 8 (66.7%) <0.001 

   Candida in sputum    2 (3.7%) 5 (41.7%) <0.001 
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