
© 2017 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Neuropsychiatric Disease and Treatment 2017:13 2509–2518

Neuropsychiatric Disease and Treatment Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
2509

O r i g i n a l  R e s e a r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/NDT.S148073

Frequencies of circulating B- and T-lymphocytes as 
indicators for stroke outcomes

Yanling Wang1

Jihong Liu1

Xuemei Wang1

Zongjian Liu2

Fengwu Li1

Fenghua Chen3

Xiaokun Geng1

Zhili Ji2

Huishan Du1

Xiaoming Hu1,3

1Department of Neurology, China-
America Institute of Neuroscience, 
2Central Laboratory, Beijing Luhe 
Hospital, Capital Medical University, 
Beijing, People’s Republic of China; 
3Department of Neurology, Pittsburgh 
Institute of Brain Disorders and 
Recovery, University of Pittsburgh 
School of Medicine, Pittsburgh, 
PA, USA

Background: Stroke has high mortality and morbidity. Biomarkers are required for to predict 

stroke outcomes, which could help clinicians to provide rationale approaches for patient manage-

ment. The dynamic changes in circulating immune cells have been reported in stroke patients 

and animal models of stroke.

Aim: The aim of this study was to explore biomarkers to predict stroke outcomes by investigating 

the relationship between the frequencies of circulating immune cells and stroke outcomes.

Methods: In all, 50 acute ischemic stroke (AIS) patients were enrolled. Their blood samples 

were collected upon hospital admission and on day 1 and day 7 after stroke, and the leukocyte 

subsets were analyzed by flow cytometry. The dynamic changes in some types of immune cells 

in the AIS course and their correlation with clinical parameters were analyzed. Blood samples 

from 123 age- and gender-matched healthy subjects were used as controls.

Results: The proportions of T-lymphocytes and NK cells in stroke patients were significantly 

lower than in healthy controls. The frequencies of B- and T-lymphocytes were negatively 

correlated with stroke severity at onset, including neurological deficits as assessed by National 

Institutes of Health Stroke Scale (NIHSS), and infarct volume as measured by the diffusion-

weighted images (DWIs) of magnetic resonance (MR). Logistic regression analysis showed that 

modified Rankin scale (mRs) scores, a score system for the long-term neurological dysfunctions, 

were negatively correlated with the percentage of B-lymphocytes at stroke onset.

Conclusion: The proportions of B- and T-lymphocytes are associated with neurological 

outcomes of stroke patients and might be used as an indicator for severity and prognosis of 

ischemic stroke.

Keywords: lymphocytes, stroke, neurological deficits, infarct

Introduction
Stroke remains the second leading cause of death and a major cause of disability in 

adults worldwide. There is an increasing need for biomarkers or indicators to predict 

stroke outcomes, which could help clinicians to provide rationale approaches for patient 

management. Accumulating evidence suggests that poststroke immune responses are 

important for stroke outcomes. Prompt and long-lasting changes in the numbers and 

functions of circulating lymphocytes and mononuclear cells can be observed in both 

animal models of ischemic stroke and stroke patients.1–5 In particular, the frequencies 

of T- and B-lymphocytes decrease significantly after acute ischemic stroke (AIS). 

Such lymphopenia can last for months with a gradual recovery over time. Multiple 

mechanisms, including the activation of sympathetic nervous system,3 the dysregula-

tion of hypothalamic–pituitary–adrenal axis,6,7 and the release of danger-associated 

molecular patterns from injured brain,8 have been suggested to contribute to these 

immune changes after stroke.
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The quantity or function of peripheral blood leukocytes 

and other immune cells are indicators of cellular and humoral 

immune status under some pathological conditions.9,10  

They may also serve as biomarkers for infectious complica-

tions, such as pneumonia and urinary tract infection after 

stroke.11,12 Interestingly, recent clinical studies suggested 

that the changes in immune cell composition may impact 

the long-term outcome after brain injuries. For example, the 

number of circulating regulatory T cells is correlated with 

clinical outcome after traumatic brain injury.13 Long-term 

functional impairments of NK cells have been reported 

in patients with spinal cord injury. Such impairments are 

associated with lesion severity and long-term neurological 

levels.14 However, the correlations between the numbers of 

peripheral lymphocytes and the outcomes of stroke patients 

are not well characterized.

In this study, we aim to characterize the changes in 

immune cell populations over time after stroke and evaluate 

their correlations with disease outcomes in patients. The 

result will be useful to predict stroke outcomes or the effec-

tiveness of stroke treatment.

Methods
Subject recruitment
The clinical study was approved by the ethical review board 

of Beijing Luhe Hospital, Capital Medical University. In all, 

50 AIS patients admitted to the Department of Neurology 

from May 2014 to April 2015 were enrolled in a consecutive 

manner. All participants gave written informed consent for 

this study. The inclusion criteria were: 1) age $18 years;  

2) arrived to emergency room within 6 hours after AIS onset; 

3) first onset of stroke; 4) diagnosis of AIS based on the diag-

nostic standard of cerebral infarction that was established at 

the Fourth National Cerebrovascular Disease Conference;15 

and 5) brain infarct confirmed by computed tomography (CT) 

or magnetic resonance imaging (MRI). The exclusion criteria 

were: 1) parenchymal, subarachnoid, subdural hemorrhage, 

or extradural hemorrhage; 2) acute infection; 3) neurological 

deficits due to trauma or malignancy; 4) disorders in vital 

organs (lung, liver, and kidney); and 5) peripheral vascular 

diseases or blood system diseases. The demographic and 

clinical parameters of patients were collected. Medical 

histories were also obtained from control subjects.

Neurological functional deficit and 
recovery
National Institutes of Health Stroke Scale (NIHSS) ranging 

from 0 to 42 was used to evaluate the patients’ neurological 

deficits upon hospital administration.16 Modified Rankin scale 

(mRs) scores (range from 0 to 5) were acquired on day 14±3 

after stroke to measure poststroke neurological disability. 

In general, patients with 0–1 mRs scores are considered to 

have good neurological function recovery and no significant 

disabilities.

Infarct volume
The infarct volume was measured based on the diffu-

sion-weighted images (DWIs) of magnetic resonance 

(MR) imaging on first to third day after stroke. We cal-

culated the infarct volume with Coniglobus formula,17 

ie, V = 1/6 × π × a × b × c × n, in which “a” means the major 

axis of the largest infarct section, “b” the minor axis of the 

largest infarct section, “c” the slice thickness, and “n” the 

number of slices. The unit is centimeters.

Sample collection of flow cytometry 
analysis
Blood samples were drawn from AIS patients at stroke onset 

and the first day (D1) and seventh day (D7) after stroke. 

One blood sample was drawn from each healthy control. 

Blood cells were collected. The CD3−CD19+ B-lymphocytes, 

CD19−CD3+ T-lymphocytes, CD3+CD56+ NK cells, and 

CD14+ monocytes were identified and quantified by flow 

cytometry. The percentages of T-, B-lymphocytes and NK 

cells among total leukocytes were calculated.

Statistical analyses
All data were analyzed using SPSS 19.0 for Windows. 

Categorical variables were represented as frequencies. Con-

tinuous variables with normal distribution were expressed 

as mean  ±  SD. Continuous variables with non-normal 

distribution were expressed as interquartile range. Differ-

ences between groups were compared using chi-square 

test for categorical variables and using Student’s t-test or 

analysis of variance (ANOVA) for continuous variables with 

normal distribution. Mann–Whitney U rank sum test was 

used for continuous variables with non-normal distribution. 

The correlation analyses between continuous data were per-

formed using Pearson’s correlation analysis. Spearman rank 

correlation analysis was used for correlation analysis between 

data with non-normal distribution. Logistic regression was 

used to identify predictor variables for long-term outcomes 

(mRs). Variable selection was performed by a combined 

stepwise forward/backward approach.18,19 In all analysis, 

P,0.05 was considered as statistically significant.
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Results
Alterations in the composition of 
peripheral immune cells immediately 
after stroke
A total of 50 AIS patients (age: 63.36±13.01  years; 

male:female =2.13:1) and 123 healthy controls (age: 

62.89±12.63 years; male:female =1.73:1) without any stroke 

history or other vascular diseases were enrolled. There was 

no significant difference in age (P=0.825, Student’s t-test) 

and gender (P=0.348, chi-square test) between the stroke 

and control groups.

The baseline clinical characteristics of stroke patients 

are listed in Table 1. These values were compared with the 

Chinese general prevalence or normal laboratory reference 

values. The percentage of diabetes mellitus (P=0.027, chi-

square test) and hypertension (P,0.001, chi-square test) was 

significantly higher in stroke patients than that in the general 

population. However, the percentage of hyperlipidemia 

was similar between stroke patients and general population. 

In fact, stroke patients had significantly lower values than 

normal values of the total cholesterol, low-density lipopro-

tein cholesterol, and high-density lipoprotein cholesterol 

in peripheral blood (Table 1),20,21 due to the application of 

lipid-lowering agents. Further analysis demonstrated no 

significant correlation between lipid index and clinical out-

comes (not shown). Twenty-one patients underwent intrave-

nous thrombolytic therapy, and no one received mechanical 

disobliteration.

Using flow cytometry, the number of CD3-CD19+ 

B-lymphocytes, CD19-CD3+ T-lymphocytes, CD3+CD56+ 

NK cells, and CD14+ monocytes in blood was analyzed. 

The percentage of these four immune cells among total leu-

kocytes showed a general downward trend at stroke onset 

compared with the control group (Figure 1). The decline in 

the percentages of T-lymphocytes (P,0.01, Mann–Whitney 

U test; Figure 1B) and NK cells (P,0.001, Mann–Whitney 

U test; Figure 1C) reached statistical significance. The 

percentages of B-lymphocytes and T-lymphocytes showed 

slight recovery over the next 7 days (Figure 1A and B). The 

percentages of NK cells and monocytes continued to decline 

over time (Figure 1C). Thrombolytic therapy showed no 

effect on the percentages of T- and B-lymphocytes or NK 

cells at D1 and D7 after stroke (Table 2). The patients with 

thrombolytic treatment have significantly higher percentage 

of monocytes at D7 after stroke.

Association between the percentage of 
immune cell subsets and the severity 
of clinical outcomes at acute stage 
after stroke
Infarct volumes were measured within 3 days after stroke 

based on the DWIs of MR (Figure 2A). Infarct volumes were 

negatively correlated with the proportions of B-lymphocytes 

at all time points tested and with the percentages of 

T-lymphocytes at D1 after stroke (Table 3). Similarly, the 

NIHSS scores were negatively correlated with the propor-

tions of B-lymphocytes at D1 and D7 and with the percent-

ages of T-lymphocytes at D1 after stroke (Table 3). The 

percentage of NK cells at D7 after stroke showed negative 

correlation with infarct volume (Table 3). The stroke out-

comes were not correlated with the percentage of monocytes 

in circulation.

To further determine the relationship between the propor-

tions of B-lymphocytes and the clinical outcomes at acute 

stage of stroke, we divided the patients into B
high

 and B
low

 

groups, based on their B cell percentage at D1 after stroke vs 

the mean percentage of B-lymphocytes in the control group 

(B
ctrl

 =2.979; B
high

 $ B
ctrl

, B
low

 , B
ctrl

). We found that the 

patients with higher B lymphocyte proportion had signifi-

cantly smaller infarct volumes, M (Q25, Q75) B
high

 vs B
low

: 

19.811 (0.165, 29.130) vs 66.189 (2.675, 100.320), P=0.002, 

Mann–Whitney U test (Figure 2A and B), and lower NIHSS 

score, M (Q25, Q75) B
high

 vs B
low

: 2.67 (1.00, 3.50) vs 8.14 

(2.50, 12.00), P=0.001, Mann–Whitney U test (Figure 2C).

Similarly, we divided patients into T
high

 and T
low

 groups 

based on their T cell percentages at D1 after stroke com-

pared to the mean percentage of T-lymphocytes in controls 

(T
ctrl

 =15.664; T
high

 $ T
ctrl

, T
low

 , T
ctrl

). No significant differ-

ence in infarct volume, M (Q25, Q75) T
high

 vs T
low

: 25.585 

Table 1 Baseline clinical characteristics of the stroke patients

Characteristics Stroke 
patients 
(n=50)

Normal 
value

Test 
value

P-value

Diabetes, yes/no (%) 12/38 (24) 11.6% (2014) 4.878a 0.027*
Hypertension, yes/no (%) 38/12 (76) 29.6% (2014) 42.473a 0.000***
Hyperlipidemia, 
yes/no (%)

22/28 (44) 33.97% (2010) 2.102a 0.147

Glycosylated 
hemoglobin, %

6.45±1.59 6.00 2.00b 0.051

Triglyceride, mmol/L 1.49±1.08 1.70 −1.38b 0.172
Total cholesterol, 
mmol/L

4.55±0.92 5.17 −4.78b 0.000***

High-density lipoprotein, 
mmol/L

1.07±0.27 1.55 −12.49b 0.000***

Low-density lipoprotein, 
mmol/L

2.93±0.82 3.36 −3.75b 0.000***

Notes: aPresented as percentages, chi-square test. bPresented as mean ± SD, 
Student’s t-test. *P,0.05 and ***P,0.001.
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Figure 1 The alterations in the composition of peripheral immune cells after stroke.
Notes: Blood samples were collected from AIS patients at stroke onset, D1 and D7 after stroke. One blood sample was drawn from each healthy control. The percentages 
of immune cells in total leukocytes were analyzed by flow cytometry. (A) B-lymphocytes (CD3-CD19+). (B) T-lymphocytes (CD19-CD3+). (C) NK cells (CD3+CD56+). 
(D) Monocytes (CD14+). Data are expressed as median (Q25, Q75). D1, first day; D7, seventh day; Ctrl, control group (n=123); Stroke: stroke group (n=50). **P,0.01 and 
***P,0.001 by the Mann–Whitney U test.
Abbreviation: AIS, acute ischemic stroke.

Table 2 Effect of thrombolytic therapy on immune cell populations

Cell types Sampling 
time

Thrombolysis 
(n=21)

Non-thrombolysis 
(n=29)

Test 
value

P-value

B-lymphocytes D1 1.760 (1.290, 2.840) 2.890 (1.775, 3.485) −1.759 0.078
D7 2.210 (1.245, 3.405) 2.170 (1.555, 3.785) −0.550 0.582

T-lymphocytes D1 14.350 (8.755, 16.725) 12.030 (8.605, 15.320) −0.983 0.326

D7 13.840 (8.965,18.160) 11.600 (8.115, 16.185) −0.786 0.432

NK cells D1 1.790 (1.255, 2.515) 1.470 (0.815, 1.835) −1.808 0.071

D7 1.520 (0.795, 2.015) 1.240 (0.730, 2.200) −0.580 0.562

Monocyte D1 7.392 (5.987, 9.668) 5.604 (1.910, 9.002) −1.424 0.155
D7 6.504 (2.074, 9.682) 1.396 (0.000, 5.305) −2.767 0.006**

Notes: Data are presented as median (Q25, Q75), rank sum test. **P,0.01.
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Figure 2 Associations between infarct volume or NIHSS with leukocyte subset percentages.
Notes: The stroke cohort was dichotomized into high proportions of B- or T-lymphocyte (Bhigh or Thigh) and low percentages of B- or T-lymphocyte (Blow or Tlow) groups. 
Infarct volumes were analyzed using the DWIs of MR. (A) Representative DWIs of MR for Bhigh and Blow groups. (B) Bhigh patients had significantly smaller infarct volumes than 
Blow patients. (C) Bhigh patients had significantly lower NIHSS scores than Blow patients. (D) No significant difference in infarct volume between Thigh and Tlow groups. (E) No 
significant difference in NIHSS scores between Thigh and Tlow groups. Bctrl or Tctrl, the mean percentage of B- or T-lymphocytes in the control group, respectively; Bhigh or 
Thigh, the patients whose percentages of B- or T-lymphocytes at D1 was $ Bctrl or Tctrl, respectively; Blow or Tlow, the patients whose percentages of B- or T-lymphocytes at 
D1 was , Bctrl or Tctrl, respectively; D1, first day. The line indicates the median. ***P,0.001 by the Mann–Whitney U test.
Abbreviations: NIHSS, National Institutes of Health Stroke Scale; DWI, diffusion-weighted image; MR, magnetic resonance; ns, not significant.
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(0.750, 41.213) vs 54.925 (1.123, 91.378), P=0.177, Mann–

Whitney U test, or NIHSS score, M (Q25, Q75) T
high

 vs T
low

: 

3.86 (1.50, 6.25) vs 6.61 (2.00, 11.75), P=0.373, Mann–

Whitney U test, was observed between T
high

 and T
low

 groups 

(Figure 2D and E).

Correlation between the percentages of 
immune cell subsets and the long-term 
neurological recovery after stroke
The mRs is one of the widely used scales to evaluate the 

recoveries of neurological functions. Patients were divided 

into two groups based on mRs scores: mRs #1 group (well 

recovered) and mRs .1 group (poorly recovered).22 We 

first compared the dynamics of leukocyte subsets during 

the 7-day course after stroke between the mRs #1 group 

(well recovered) and mRs .1 group (poorly recovered; 

Figure 3). The percentages of B- and T-lymphocytes (onset, 

D1 and D7) in the mRs #1 group were higher than those 

in the mRs .1 group (for B cells: P=0.022; for T cells: 

P=0.085, two-way ANOVA; Figure 3A–C). The percent-

ages of NK cells and monocytes showed no significant 

difference between the mRs #1 group and mRs .1 group 

(Figure 3D and E).

The mRs scores were then compared between B
high

 and 

B
low

 groups. Patients with a higher B lymphocyte propor-

tion had significantly lower mRs scores, M (Q25, Q75) B
high

 

vs B
low

: 1.95 (1.00, 3.00) vs 2.93 (2.00, 5.00), P=0.039, 

Mann–Whitney U test (Figure 4A). Similarly, patients with a 

higher T-lymphocyte proportion also had significantly lower 

mRs scores, M (Q25, Q75) T
high

 vs T
low

: 1.79 (1.00, 3.00) vs 2.81 

(2.00, 4.00), P=0.049, Mann–Whitney U test (Figure 4B).

Logistic regression was then used to identify variables 

correlated with mRs scores. Covariates included in the 

analysis after selection were age, gender, onset B cell per-

centage, D1 B cell percentage, D1 T cell percentage, D7 T 

cell percentage, NIHSS, and infarct volume.28 The results 

demonstrated negative correlation between the mRs scores 

and the proportions of B-lymphocytes at the onset (95% CI 

0.318–0.984, P=0.044; Table 4). More specifically, lower 

B cell percentage at the stroke onset was associated with 

poor recovery after stroke. The analysis also indicated that 

the NIHSS score is positively correlated to the mRs scores 

(95% CI 1.203–3.351; P=0.008; Table 4).

Discussion
Compelling evidence has suggested that immunosuppres-

sion, characterized by the reduction in number and functions 

of circulating lymphocytes, monocytes, and other immune 

cells, occurs after ischemic stroke.19,23 However, changes 

in the number of immune cells at very early stage after 

stroke remain controversial. Some evidence revealed a rapid 

decline in lymphocytes, monocytes, and NK cells in blood 

early after stroke,24 while other studies showed differential 

responses in different immune cell populations.19,30 In this 

study, we observed a rapid decrease in T-lymphocytes 

and NK cells soon after stroke and a relatively blunted 

response in the frequencies of B lymphocyte and mono-

cytes. These results support the differences in immune 

cell responses toward acute ischemic challenge in the 

brain. Further correlation analysis demonstrated dissimilar 

relationships between the frequencies of immune cells and 

stroke outcomes.

Stroke severity, as indicated by the infarct volume 

and NIHSS, is a known precipitator of stroke-induced 

lymphocytopenia.19 We also found in this study a negative 

correlation between the infarct size or NIHSS and the 

percentage of lymphocytes. In particular, the frequency of 

T-lymphocytes on day 1 after stroke is negatively correlated 

with infarct volume and NIHSS. Interestingly, although 

the percentage of B-lymphocytes did not show significant 

difference as compared to healthy controls, a significantly 

negative correlation between B cell percentage and stroke 

outcomes was established. These results are in agreement 

with a previous study showing the lack of early reduction 

of B cell counts in stroke patients, but the infarct volume 

and B cell counts at baseline and day 4 after stroke were 

inversely correlated.19 Dichotomizing stroke cohort based 

Table 3 Correlation between stroke severity (NIHSS and infarct 
volume) and percentages of peripheral immune cells

Cell types Sampling 
time

NIHSS Infarct volume

r P-value r P-value

B-lymphocytes Onset −0.162 0.261 -0.402 0.004**
D1 -0.483 0.000** -0.416 0.003**
D7 -0.396 0.004** -0.305 0.031*

T-lymphocytes Onset 0.150 0.300 -0.185 0.199
D1 -0.343 0.015* -0.371 0.008**
D7 -0.252 0.078 -0.178 0.217

NK cells Onset 0.183 0.204 -0.096 0.506
D1 -0.128 0.375 -0.130 0.369
D7 -0.255 0.074 -0.363 0.010**

Monocyte Onset -0.025 0.865 -0.072 0.618
D1 0.045 0.761 0.098 0.508
D7 0.2066 0.151 0.073 0.617

Age 0.140 0.331 0.039 0.786
Gender 0.161 0.263 -0.198 0.169

Note: *P,0.05 and **P,0.01.
Abbreviation: NIHSS, National Institutes of Health Stroke Scale.
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Figure 3 Associations between mRs and leukocyte subset percentages.
Notes: Patients were divided into two groups based on their mRs (mRs #1 and mRs .1). The percentages of B- and T-lymphocytes over time were compared between 
two groups. The frequencies of B-lymphocytes and T-lymphocytes in well-recovered patients were higher than those in poorly recovered patients. (A) Representative flow 
cytometry plot of B- and T-lymphocytes in peripheral blood for patients in mRs #1 and mRs .1 groups. (B) The percentages of B-lymphocytes in the mRs #1 group were 
much higher than those in the mRs .1 group within 7 days after stroke. (C) The percentages of T-lymphocytes in the mRs #1 group were much higher than that in the 
mRs .1 group within 7 days after stroke. (D) Percentages of NK cells showed no difference between the two groups. (E) Percentages of monocytes showed no difference 
between the two groups. D1, first day; D7, seventh day. *P,0.05 by two-way ANOVA.
Abbreviations: mRs, modified Rankin scale; ANOVA, analysis of variance.

on T or B lymphocyte percentage revealed that the patients 

with higher B cell percentage have significantly smaller infarct 

size. Therefore, the percentage of T- and B-lymphocytes 

might be an indicator for stroke severity at onset.

This study has also found that the lymphocyte subsets 

might be important for long-term stroke outcomes, because 

1) the frequencies of B-lymphocytes and T-lymphocytes 

in well recovered (mRs #1) patients were significantly 

higher than those in poorly recovered (mRs .1) patients 

and 2) patients with higher B- or T-lymphocyte proportions 

had significantly lower mRs scores. Interestingly, although 

the percentage of B-lymphocytes at onset is similar to that 

in healthy controls, it is negatively correlated with long-term 

stroke outcomes as measured by mRs, suggesting that B cell 

percentage early after stroke might be used as an indicator 

for long-term stroke outcomes. These data suggest a potential 

value of B cell and T cell percentage to predict long-term 

recovery after stroke.
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Figure 4 Impact of B- and T-lymphocyte percentages on long-term outcomes after stroke.
Notes: The stroke cohort was dichotomized into higher percentages of B- or T-lymphocyte (Bhigh or Thigh) and low percentages of B- or T-lymphocyte (Blow or Tlow) groups. 
mRs were evaluated at 14 days after stroke and compared between two different groups. Patients with higher B- or T-lymphocyte percentages had significantly lower mRs 
scores. (A) Bhigh patients had lower scores of mRs than Blow patients. (B) Thigh patients had lower scores of mRs than Tlow patients. The line indicates the median. *P,0.05 by 
the Mann–Whitney U test.
Abbreviation: mRs, modified Rankin scale.

Consistent with a previous report,19 we observed promi-

nent reduction in NK cells soon after stroke, which declined 

continuously for at least 7 days. Such decline in NK popula-

tion has been shown to render mice vulnerable to bacterial 

infection and septicemia.3 In our study, the frequency of 

NK cells at D7 was negatively correlated with infarct vol-

ume and was not closely related to stroke outcomes. This 

result suggests that despite its potential function in bacterial 

defense, the number of NK cell population might not be 

a good indicator for stroke severity or functional deficits. 

Interestingly, a recent preclinical study suggested that brain 

ischemia could result in impaired NK cell-mediated immune 

defense through distinct mechanisms in the brain vs in the 

periphery and could therefore be differentially regulated to 

limit poststroke inflammation.6 In this case, the different 

effects of central and peripheral NK cells on stroke outcomes 

should be explored in future studies.

The poststroke changes in monocytes remain elusive due 

to conflicting results. Some studies reported reduction and 

deactivation of monocytes in stroke patients,24 while others 

observed unchanged or even elevated monocyte counts 

after stroke.19,23 The differences in the approach and marker 

used for monocyte counts in these studies could partially 

explain the diversity in the monocyte quantification. In line 

with a previous report,19 we showed here that the frequency 

of circulating monocyte had no correlation with stroke 

outcomes. However, many recent preclinical and clinical 

studies have reported the existence of different monocyte 

subsets and their distinct roles in stroke pathology.25,26 Further 

studies are warranted to elucidate phenotypic changes in 

monocytes after stroke.

In this study, we cannot confirm if there are causal rela-

tionships between the percentages of T or B cells and stroke 

outcomes. Nevertheless, it is known that the severity of stroke 

can influence the number of immune cells in the circulation, 

with larger infarct evoking a greater drop in immune cell 

numbers.19 Animal studies suggest that the immunosuppres-

sion characterized by lymphopenia may lead to poststroke 

infection and deterioration of stroke outcomes.1 It is likely 

that there are bidirectional interactions between the amount 

of circulating lymphocytes and the severity of stroke. Another 

limitation of this study is that the variable selection by a 

forward/backward approach can introduce bias.27 Combining 

stepwise selection procedures with other selection approach 

such as a prespecified change-in-estimate criterion has been 

tested and may offer better solutions in certain situations.28 

These approaches take into consideration biological relevance 

and should be used for large-scale studies in the future.

In conclusion, the present study suggests that changes in 

circulating B- and T-lymphocytes are related to the severity 

of stroke and long-term recovery. The current study focuses 

on the correlation between immune cell percentages and 

the neurological scores at early phase of recovery, with an 

attempt to identify biomarkers to predict stroke recovery. 

Table 4 Logistic regressive analysis for long-term neurological 
recovery after stroke

Covariates B SE Wald df Significance 95% CI

B-lymphocytes 
onset

-0.581 0.288 4.065 1 0.044* (0.318, 0.984)

T-lymphocytes 
D7

-0.187 0.099 3.483 1 0.062 (0.684, 1.009)

NIHSS 0.697 0.251 7.121 1 0.008** (1.203, 3.351)

Note: *P,0.05 and **P,0.01.
Abbreviations: SE, standard error; NIHSS, National Institutes of Health Stroke Scale.
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Larger scale and long-term clinical studies confirming the 

correlation between the peripheral immune cell responses and 

the stroke outcomes are warranted and may possibly iden-

tify novel biomarkers to predict stroke patients’ prognosis. 

Furthermore, understanding the contributions of immune 

cells to stroke recovery may provide novel approaches or 

targets for stroke treatment.29

Conclusion
Changes in circulating immune cells, especially in B- and 

T-lymphocytes, are related to the severity of stroke at early 

stage. The reduction in B lymphocytes might be used as an 

indicator for neurological deficits at the delayed phase of 

stroke.
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