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ABSTRACT

Background: Most patients infected by SARS-CoV-2 have favourable outcomes, however
some develop severe disease which may progress to acute respiratory distress syndrome,
multi-organ failure, and death. Markers that could predict patients at risk of poor outcomes
would be extremely useful clinically. Evidence has emerged that low lymphocyte count is
associated with increased disease severity.

Methods: We performed a systematic review and meta-analysis to assess the association
between lymphocyte count and severity of SARS-CoV-2 associated clinical disease.

Results: Seven papers were included in the meta-analysis. These papers included data from
2083 patients, 25% (n=521) with severe SAR-CoV-2 disease and 75% (n=1562) with non-
severe SAR-CoV-2 disease. Heterogenicity was seen in the definition of severe disease.
Metanalysis produced metamedians of 1x10°/L (95% ClI 1-1.1) and 0.7x10°/L (95% Cl 0.63-
0.8) lymphocytes for patients with non-severe and severe disease respectively (p-value of
p=0.006 Wilcoxon test). Calculation of metamedians from the two papers classifying severe
disease according to death alone gave 1.1 1x10°/L lymphocytes (95% Cl 1.0-1.1) for
‘survivors’ (n=163) and 0.63 1x10°/L lymphocytes (95% CI 0.60-0.63) for ‘non-survivors’
(n=253) of SAR-CoV-2 disease.

Conclusions: Lower lymphocyte counts are significantly associated with more severe disease
in patients with SARS-CoV-2 infection. Lymphocytopenia may therefore be useful laboratory
measure to allow prognostication of patients presenting with SARS-CoV-2 infection.
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INTRODUCTION

Since it was first described in Wuhan, Hubei Province, China, in November 2019, the novel human
coronavirus Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread globally. At the
time of writing, there are 1,051,635 confirmed cases, with a total of 56,985 deaths attributed to the virus
worldwide®. SARS-CoV-2 causes coronavirus disease 2019 (COVID-19)?, a viral pneumonia characterised by
a high fever, persistent dry cough, dyspnoea and fatigue®”. Clinical manifestations range from
asymptomatic disease to severe respiratory distress®. There are as yet no clearly efficacious drug
treatments for COVID-19, and management is largely supportive®.

Although most patients with COVID-19 have a favourable prognosis, some develop dyspnoea, hypoxaemia,
and rapidly progress to life-threatening acute-respiratory distress syndrome (ARDS) and end-organ failure®.
Given the propensity of this disease to cause rapid decline, early recognition of patients who are likely to
develop severe disease would enable more effective treatment planning and resource allocation. A
clinically validated prognostic scoring system would therefore be extremely useful clinically.

While the clinical symptoms and signs of COVID-19 have been extensively reviewed in published
literature™****” clinical and laboratory characteristics that could inform prognostication have been less
well studied. One laboratory marker of interest is lymphocyte count, with lymphocytopaenia associated
with poor disease outcomes”®. Lymphocytopaenia is already recognised as an independent marker of
mortality in community-acquired and ‘ICU-acquired’ pneumonias, and is associated with increased disease
severity”'®. Lymphocyte count can be assessed with a simple blood sample, making it a pragmatic, widely
available measure for clinical prognostication.

This work seeks to further define the degree of correlation between lymphocytopaenia and severity of
COVID-19 disease through a systematic review and meta-analysis of the available literature.
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METHODS
Literature Search

This protocol follows the recommendations established by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement ™.

We conducted a systematic review using Embase and Medline, searching for articles relating to the current
COVID-19 outbreak from November 2019 until 30 March 2020. The following search terms were used:
[[COVID-19] OR [2019-nCoV] OR [SARS-CoV-2]] AND clinical characteristics. The reference lists of identified
articles were checked to identify any relevant missed papers.

Results of the initial search were screened by title and abstract and then inclusion and exclusion criteria
applied to the full texts of relevant articles (Table 1). Included articles compared severe and non-severe
cases of COVID-19, where severe disease was classified as one or more of: RR>30, Sa02<93%,
paO02/Fi02<300mmHg, ARDS, ICU admission, mechanical ventilation, or death. Only papers containing
adult patients with confirmed COVID-19 based on positive RT-PCR for SARS-CoV-2 and/or positive CT
findings were included. Publications were required to report a lymphocyte count with measurements
presented as a median with inter-quartile range {IQR). Articles were excluded if; appropriate information
was not reported, patients had a pre-existing condition or were taking medication that would affect
lymphocyte count, or if there was no English language version of the paper available.

Nine authors (J.B, R.B, J.D, J.F, J.G, B.H, E.H, E.HS, S.R.) screened and evaluated the identified articles. Each
paper was evaluated by two independent authors and any discrepancies were resolved by a third author
(Figure 1). The following features were extracted for pooled estimation: number of patients in the study,
number of severe cases, number of non-severe cases, lymphocyte count median and IQR.

Statistical Analysis

The data were presented using the median and interquartile range, a non-normal distribution was
assumed, and non-parametric tests were performed. Independent two-group Wilcoxon tests were used to
compare median lymphocyte counts between severe and non-severe populations, and to calculate
confidence intervals. The R package ‘metamedian’*® was used to produce a meta-median lymphocyte
count for each case type. Confidence intervals were produced to the 95% confidence level and p-values of
p<0.05 were taken to be significant.
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Table 1: Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria
Date range Post-COVID-19 outbreak: Nov 2019
— present
Language No English language version of paper
available

Study design Comparison of SEVERE and NON-
SEVERE cases of COVID19 where
severe is classified as one/more of:

e RR>30, Sa02<93%,

pa02/Fi02<300mmHg

e ARDS

e ITU admission

e Mechanical ventilation

e Death
‘Non-Severe’ disease is cases not
reaching these criteria

Patient Adults > 18 years old Any other infection, rheumatological, or
characteristics | Confirmed COVID-19 based on one | inflammatory conditions, or any other
or both of: condition/medication that would cause
e positive RT-PCR for SARS- immunosuppression or itself change
CoV-2 lymphocyte count/CRP

e Positive CT findings
Biological o Areported lymphocyte count | Self-reported studies, qualitative data
parameters e Values presented as median

(IQR)

e Values reported separately
(not compositely) for SEVERE
vs NON-SEVERE groups.
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RESULTS

After review, seven papers were included in the meta-analysis***™® (Figure 1 & Table 2). These papers

included data from 2083 patients, 25% (n=521) with severe SAR-CoV-2 disease and 75% (n=1562) with non-
severe SAR-CoV-2 disease. Data extracted from these papers are summarised in Figure 3. The majority of
papers defined severe disease according to clinical criteria related to hypoxia and need for intensive
care>®™® however two papers defined severe disease only as infection resulting in death (Table 2)*"*%.
Metanalysis of lymphocyte data from all seven papers gave metamedians of 1x10°/L (95% C| 1-1.1) and
0.7x10°/L (95% CI 0.63-0.8) lymphocytes for patients with non-severe and severe disease respectively
(p=0.006 Wilcoxon test) (Table 3).

Given the heterogenicity in definition of severity of disease, we repeated the metanalysis excluding data
from two papers that defined severe disease as mortality, as some survivors in these papers may have the
met criteria for severe disease used in other publications. This analysis included data from 1,667 patients;
358 with severe disease and 1309 with non-severe disease. Metanalysis produced metamedians of 1x10°/L
(95% Cl 0.8-1.4) and 0.8x10°/L (95% ClI 0.67-0.8) lymphocytes for non-severe and severe patient groups
respectively (Table 3) (p=0.044 Wilcoxon test).

Calculation of metamedians of lymphocyte count from the two papers classifying severe disease according
to death alone*® gave 1.1 1x10°/L lymphocytes (95% CI 1.0-1.1) for ‘survivors’ (n=163) and 0.63 1x10°/L
lymphocytes (0.60-0.63) for ‘non-survivors’ (n=253) of SAR-CoV-2 disease {Table 3).
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Table 2: Characteristics of Papers Included in the Meta-analysis of Association between Severity of SARS-
CoV-2 infection and Lymphocyte Count

Paper No. of Study Design Stated Country N Lymphocyte Median (IQR)
Number & centres Definition of (Region) (x10°/L)
Reference Severe Total s N s Non=s
Disease ota evere on- evere on-Severe
Severe
1. Qian et al. 5 Hospitals Retrospective Chinese China 91 9 82 0.9(0.7 - 1.4 (1.05 -
(2020)" Case Series national (Zhejiang) 1.3) 1.75)
guidance on
treatment of
COVID-19"
2. Wu. Cetal. | 1Hospital Retrospective ARDS China 201 84 117 0.67 (0.49— | 1.08 (0.72—
(2020)" Cohort Study (Hubei) 0.99) 1.45)
3. Wang. Det | 1 Hospital Case Series ICU admission | China 138 36 102 0.8 (0.5— 0.9(0.6 —
al. (2020)" (Hubei) 0.9) 1.2)
4. Guan. et al 552 Retrospective According to China 1099 173 926 0.8(0.6- 1.0 (0.8 -
(2020)16 Hospitalsin | Case Series American (multiple 1.0) 1.4)
30 Thoracic provinces)
Provinces Society
Guidance for
Community
Acquired
Pneumonia’®
5. Zhang. J et 1 Hospital Retrospective RR>30, China 138 56 82 0.7 (0.5-— 0.8 (0.6 —
al. (2020)3 Case Series Sa02<93%, (Hubei) 1.0) 1.2)
pa02/Fi02<30
OmmHg
6. Deng et al. 2 Hospitals Retrospective Death China 225 109 116 0.63 (0.40- | 1.00(0.72—
(2020)" Case Series (Hubei) 0.79) 1.27)
7. Zhou et al. 2 Hospitals Cohort Study Death China 191 54 137 0.6 (0.5- 1.1(0.8-
(2020)"® (Hubei) 0.8) 1.5)

IQR: Inter-quartile range. Severe = severe SARS-CoV-2 disease, Non-severe = non-severe SARS-CoV-2

disease.

Table 3: Lymphocyte Metamedians calculated for patients with severe and non-severe SARS-CoV-2

disease

Lymphocyte Metamedian (95% Cl) (x10°/L) P-value
Severe Disease Non-Severe Disease
All Papers (n=7)>"* 0.7 (0.63 —0.8) 1(1-1.1) 0.006
v n=521 n=1562
Excluding papers 0.8 (0.67 -0.8) 1(0.8-1.4) 0.044
using death as sole n=358 n=1309
criterion for severe
disease (n = 5)
Papers using death 0.63 (0.6-0.63) 1.1(1-1.1) *
as sole criterion for n=163 n=253

severe disease (n=2)

Metamedian values were calculated using the R package ‘metamedian’*® using Wilcoxon test. * p value not
calculated. n = number of patients.
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DISCUSSION

Our meta-analysis assessing association between lymphocyte count and severity of SARS-CoV-2 disease has
revealed that lower lymphocyte counts are significantly associated with worse disease and poorer
prognosis. Whilst the definition of severe disease varied between studies, a clear association was
demonstrated, with lowest lymphocyte counts seen in the most severe SARS-CoV-2 disease that resulting
in death. To our knowledge, this is the first time this correlation has been formally reported.

There are several limitations to be considered in this finding. Firstly, we do not know the temporal
relationship between a decline in lymphocyte count and the onset of more severe disease, and so it is
unclear how early this measure could be used to predict disease severity. It is also of note that as the
largest multicentre study did not list the centres used in their analysis, so there is a possibility that some
patients were counted twice in papers included in our metanalysis™. However, despite these limitations,
this review confirms what anecdotally clinicians have widely observed, that lymphocytopenia is associated
with severe COVID-19 disease®.

Lymphocytopaenia was demonstrated to be a feature of SARS (SARS-CoV) infection®®. Autopsy studies
revealed this was due to targeted toxicity to lymphocytes and lymphoid tissue*'. Given the genetic
similarity to SARS-CoV, it may be that similar pathology is a feature of infection with SARS-CoV-2?*. The
correlation between lymphocyte count and severity of COVID-19 infection complements two recent meta-
analyses by Lippi et al. 2020 which showed a correlation between thrombocytopenia and procalcitonin
levels and severity of COVID-19 disease®***. Lymphocyte count could therefore be used alongside these
and other laboratory measures to assess the severity of illness in patients with SARs-CoV-2 infection and
potentially to predict outcome.
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Figure 1: Summary of Paper Review Process
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