
Am J Transl Res 2018;10(12):4367-4375
www.ajtr.org /ISSN:1943-8141/AJTR0082577

Original Article
T-lymphocyte subsets as a predictive  
biomarker for stroke-associated pneumonia

Hong-Xuan Feng*, Yao Cheng*, Wei Zhu, Ling-Ling Jiang, Xiao-Feng Dong, Qian Gui, Guan-Hui Wu, Qin-Rong 
Xu, Ming-Qiang Shen, Qing-Zhang Cheng

Department of Neurology, Suzhou Hospital Affiliated to Nanjing Medical University (Suzhou Municipal Hospital), 
Suzhou 215002, China. *Equal contributors.

Received June 10, 2018; Accepted November 11, 2018; Epub December 15, 2018; Published December 30, 
2018

Abstract: The aim of this study was to facilitate the clinical treatment and prognosis of stroke-associated pneumonia 
(SAP) by examining changes in T-lymphocyte subsets. Stroke patients admitted in Suzhou Hospital between 2014 
and 2016 participated in the study. Patients were divided into a pneumonia group (50 patients) and a non-pneu-
monia group (254 patients) based on a diagnosis of pneumonia. Information regarding risk factors for ischemic 
stroke was collected from all patients using a questionnaire. Compared with non-SAP patients, SAP patients were 
older, dysphagic, smokers, had higher NIH stroke scale (NIHSS) scores and neutrophil: lymphocyte ratio, had higher 
leukocyte, neutrophil, and CD8 levels, had lower CD3, CD4, and lymphocyte levels, and had a lower CD4:CD8 ratio. 
Patients with a higher NIHSS score had higher CD8 levels, lower CD3 and CD4 levels, and a lower CD4:CD8 ratio. 
No significant differences in T-lymphocyte subsets were found between the left and right cerebral hemispheres. 
After adjusting for other variables, smoking, dysphagia, NIHSS score, and CD4:CD8 ratio were positively associated 
with SAP. The areas under the receiver operating characteristic curve for dysphagia, NIHSS score, CD4:CD8 ratio, 
CD4:CD8 ratio + NIHSS score, and Dysphagia+ CD4:CD8 ratio + NIHSS score were 0.583 (95% CI: 0.490-0.675), 
0.791 (95% CI: 0.724-0.859), 0.676 (95% CI: 0.593-0.759), 0.846 (95% CI: 0.790-0.902), and 0.867 (95% CI: 
0.815-0.918), respectively. A few T-lymphocyte subsets may increase susceptibility to pneumonia after acute isch-
emic stroke. Thus, the detection of T-lymphocyte subsets may predict the risk of SAP in such patients.
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Introduction

Stroke-associated pneumonia (SAP) is a com-
mon inpatient medical complication after stro- 
ke, with a reported incidence between 5.6% 
and 37.98% [1-4]. Studies have shown that SAP, 
which is influenced by many factors, is associ-
ated with death, high medical costs, and pro-
longed hospital stays [5-10]. Based on pub-
lished evidence, stroke-induced immunosup-
pression is a major cause of SAP [11-13] and is 
characterized by the downregulation of system-
ic immune responses, such as a rapid decrease 
in the number of peripheral blood lymphocyte 
subpopulations and the functional deactivation 
of monocytes, resulting in an increased sus-
ceptibility to SAP [14-17]. Therefore, under-
standing the immune status of patients with 
SAP will help identify patients at high risk for 

SAP, which, if treated early, could reduce SAP 
incidence and mortality. The aim of this study is 
to investigate the value of peripheral blood 
T-lymphocyte subsets in predicting SAP.

Materials and methods

Study subjects

Three hundred and four patients with stroke 
admitted in Suzhou Hospital between 2014 
and 2016 participated in the study. A diagnosis 
of stroke was confirmed by a consulting physi-
cian within 24 h of admission [18]. Patients 
with intracranial hemorrhage, cerebral tumor, 
transient ischemic attack, head trauma, severe 
multiple organ dysfunction, signs and/or symp-
toms of infection at the time of admission, 
reported use of antibiotics, immunosuppres-
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sants, or corticosteroids during the 3 months 
prior to the stroke, and significant disability 
(modified Rankin scale, mRS >2) before the 
stroke were excluded from the study. Our study 
design was approved by the Ethics Commit- 
tee of Suzhou Hospital, which is affiliated with 
Nanjing Medical University. 

Sociodemographic data including age, sex, 
smoking history, alcohol history, and medical 
history were collected from all patients. Clinical 
information including NIHSS score [classified 
as mild (≤4) or severe (>4)] and evidence of 
hypertension (blood pressure ≥140/90 mm Hg 
on repeated measurements or taking antihy-
pertensive medication), diabetes (fasting plas-
ma glucose level ≥7.0 mmol/L, plasma glucose 
level ≥11.1 mmol/L at any time on repeated 
measurements, or taking antidiabetic medica-
tion), coronary heart disease (a reported histo-
ry of diagnosis), and atrial fibrillation (AF) was 
also collected. Fasting venous blood samples 
were collected within 24 h of admission. A com-
plete blood count and blood biochemical analy-

ses (levels of blood glucose, urea, creatinine, 
low-density lipoprotein-cholesterol, total homo-
cysteine (tHCY), and C-reactive protein, num-
bers of leukocytes, neutrophils, and lympho-
cytes, and neutrophil: lymphocyte ratio levels) 
were reviewed. All patients underwent swallow 
screening using a local protocol based on the 
water swallow test, as recommended by inter-
national guidelines, and were classified as hav-
ing dysphagia if they failed an initial swallowing 
screen or were too ill or drowsy to swallow.

Flow cytometry testing

Twenty microliters of fluorescein isothiocyanate 
(FITC) (Becton Dickinson company, USA)-label- 
ed anti-CD3, anti-CD4, and anti-CD8 monoclo-
nal antibodies were added to 100-uL blood 
samples and incubated in the dark for 20 min. 
Then, 100 µL Hemolytic agent was added, and 
the mixture was incubated in the dark for 20 
min. The mixture was then buffered with three 
times of Phosphateand immediately placed in a 
flow cytometer (BD, USA). The Cell Quest soft-

Table 1. Comparison of baseline characteristicT between SAP and Non-SAP
SAP (n=50) Non-SAP (n=254) T or X2-value P-value

Age (years) 73.04±8.65 68.59±12.20 2.458 0.015
Male:female 26/24 158/96 1.821 0.177
Hypertention (n, %) 39 (78.00) 218 (85.52) 1.958 0.162
Diabetes mellitus (n, %) 21 (42.00) 96 (37.79) 0.312 0.576
Coronary heart disedse (n, %) 12 (24.00) 45 (17.71) 1.083 0.298
Atrial fibrillation (n, %) 7 (14.00) 27 (10.60) 0.478 0.489
Previous Stroke/TIA (n, %) 4 (8.00) 15 (5.90) 0.530
Smoking (n, %) 15 (30.00) 26 (10.20) 11.537 0.001
Alcohol drinking (n, %) 12 (24.00) 45 (17.70) 1.083 0.298
Dysphagia (n, %) 13 (26.00) 24 (9.40) 10.706 0.001
Systolic blood pressure (mmHg) 157.92±19.95 155.42±22.24 0.738 0.461
Diastolicblood pressure (mmHg) 80.60±13.02 82.67±12.63 -1.055 0.292
Temperature (°C) 36.55±0.55 36.47±0.37 1.136 0.257
NIHSS score 7.36±4.77 3.55±2.54 8.149 <0.001
Low-densitylipoprotein (mmol/L) 3.13±0.96 2.95±0.83 1.405 0.161
Blood sugar (mmol/L) 6.97±2.67 6.65±4.91 0.443 0.658
Homocysteine (umol/L) 21.66±5.24 19.50±7.65 1.908 0.057
Creatinine (umol/L) 71.26±24.92 71.25±28.77 0.003 0.997
Urea (mmol/L) 5.64±1.83 5.22±1.51 1.728 0.085
Leukocyte (× 109/L) 8.38±2.39 7.29±2.43 2.912 0.004
Neutrophil (× 109/L) 8.54±2.31 7.07±2.24 4.194 <0.001
lymphocyte (× 109/L) 1.46±0.45 1.66±0.50 -2.610 0.009
Neutrophil-to-lymphocyte 6.30±2.37 4.60±1.96 5.387 <0.001
CRP (mmol/L) 5.83±2.90 4.86±3.60 1.800 0.073
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ware system (BD, USA) was used for data col-
lection and analysis.

SAP diagnostic criteria 

Clinical diagnostic criteria for SAP included at 
least one of the following clinical signs: (1) 
Fever greater than or equal to 38°C; (2) New or 
worsening cough, new onset of purulent spu-
tum, change in the character of the sputum, or 
new wheezing or crackling upon breathing; (3) 
Leucopenia (<4000 × 109 cells/L) or leukocyto-
sis (>11.4 × 109 cells/L); or (4) New and persis-
tent infiltrates/consolidation on at least one 
chest X-ray (or at least two serial chest X-rays in 
the case of underlying lung disease). Patients 
were divided into SAP and non-SAP groups.

Comparison of baseline characteristics be-
tween SAP and non-SAP groups

Compared with non-SAP patients, SAP patients 
were older, smokers, dysphagic, and had higher 
NIHSS scores, neutrophil: lymphocyte ratios, 
and levels of leukocytes, neutrophils, and lym-
phocytes (P<0.05). No statistically significant 
differences were found between groups in 
terms of the male: female ratio or histories of 
alcohol use, hypertension, diabetes mellitus, 
coronary heart disease, atrial fibrillation, previ-
ous stroke/transient ischemic attack, blood 
pressure, temperature, or levels of low-density 
lipoprotein-cholesterol, blood sugar, tHCY, cre-
atinine, urea, and C-reactive protein (Table 1).

Table 2. Comparison of T-lymphocyte subsets between SAP and 
non-SAP patients

SAP Non-SAP Test-value P value
CD3 63.96±13.61 67.40±10.06 -2.074 0.039
CD4 35.54±9.63 41.14±8.68 -4.094 P<0.001
CD8 28.52±10.32 23.29±8.16 3.947 P<0.001
CD4/CD8 1.39±0.68 2.06±1.07 -4.224 P<0.001
P<0.05.

Figure 1. Comparison of CD4 CD8 between SAP (A, B) and Non-SAP (C, D). 
P<0.05.

Statistical analysis

SPSS 17.0 software was used 
for statistical analysis. Conti- 
nuous variables that were 
normally distributed are re- 
ported as the mean ± stan-
dard deviation and compared 
using the Student’s t test. 
Continuous variables that 
were not normally distributed 
were compared using the 
Mann-Whitney U test. Frequ- 
ency data are expressed as 
percentages and compared 
using the χ2 test. Logistic 
regression analysis was per-
formed using SAP as the 
dependent variable and risk 
factors (P<0.2) as indepen-
dent variables. Logistic regre- 
ssion analysis was used to 
select variables (inclusion, 
P<0.05; exclusion, P>0.10) 
and performed to determine 
independent risk factors for 
SAP. Areas under the receiver 
operating characteristic (ROC) 
curve were used to determine 
dysphagia, NIH stroke scale 
(NIHSS) score, CD4:CD8 ratio, 
NIHSS score + CD4:CD8 ratio, 
and Dysphagia+ CD4:CD8 
ratio + NIHSS score. P<0.05 
was considered statistically 
significant (two-sided).

Results
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Comparison of T-lymphocyte subsets between 
SAP and non-SAP patients

Compared with non-SAP patients, SAP patients 
had significantly lower CD3 and CD4 levels, a 
lower CD4:CD8 ratio, and higher CD8 levels 
(Table 2 and Figure 1).

Comparison of T-lymphocyte subsets between 
patients with mild or severe NIHSS scores

Compared with patients with an NIHSS score 
less than 4, patients with an NIHSS score gre- 

with a larger predictive value than any of these 
risk factors alone (Table 6 and Figures 2-5).

Discussion

Stroke has high incidence and recurrence ra- 
tes, and is a common cause of both disability 
and mortality. Acute ischemic stroke is the 
most common type of stroke, accounting for 
80% of all cases [19]. Pneumonia is the most 
common complication after stroke. However, 
due to different design methods, the reported 
incidence of SAP is inconsistent across stu- 

Table 3. Comparison of T-lymphocyte subsets between patients 
with mild or severe NIHSS scores

Mild (n=263) Sever (n=43) Test-value P value
CD3 66.93±11.11 60.73±10.35 -3.353 0.001
CD4 40.09±9.27 36.34±5.71 -2.511 0.013
CD8 25.91±9.13 22.73±7.38 -2.118 0.035
CD4/CD8 1.98±1.04 1.54±0.65 -2.577 0.010
P<0.05.

Table 4. Comparison of T-lymphocyte subsets between left and 
right cerebral hemispheres of all patients

Left (n=158) Right (n=146) Test-value P value
CD3 67.69±10.23 65.90±11.29 1.453 0.147
CD4 41.19±8.78 39.18±9.30 1.939 0.053
CD8 23.51±7.87 25.24±9.56 -1.730 0.085
CD4/CD8 2.05±1.01 1.84±1.07 1.691 0.092
P>0.05.

Table 5. Logistic regression of associations between risk factors 
for SAP

B S.E Wals P-value OR 95% CI
Smoking 2.636 0.600 19.276 0.000 13.956 4.303-45.270
Dysphagia 1.236 0.620 3.980 0.046 3.443 1.022-11.602
NIHSS score 0.331 0.061 29.286 <0.001 1.393 1.230-1.570
CD4/CD8 -1.336 0.493 7.336 0.007 0.250 0.100-0.691

Table 6. Comparison of risk factors as predictive biomarkers for 
SAP

Area under 
the curve P-value 95% CI

Dysphagia 0.583 0.064 0.490-0.675
NIHSS score 0.791 <0.001 0.724-0.859
CD4/CD8 0.676 <0.001 0.593-0.759
CD4/CD8+NIHSS score 0.846 <0.001 0.790-0.902
Dysphagia+ NIHSS score 0.702 <0.001 0.616-0.788
Dysphagia+ CD4/CD8+NIHSS score 0.867 <0.001 0.815-0.918

ater than 4 had significantly 
lower CD3 and CD4 levels,  
a lower CD4:CD8 ratio, and 
higher CD8 levels (Table 3).

Comparison of T-lymphocyte 
subsets between left and 
right cerebral hemispheres of 
all patients 

CD3, CD4, and CD8 levels, 
and the CD4:CD8 ratio were 
measured in both left and 
right cerebral hemispheres. 
No significant differences we- 
re found between the two 
hemispheres with regard to 
these risk factors (Table 4).

Logistic regression of associa-
tions between risk factors for 
SAP

Results of the logistic regres-
sion analysis showed that fac-
tors such as smoking, dys- 
phagia, NIHSS score, and the 
CD4:CD8 ratio, were positively 
associated with SAP (Table 5).

Comparison of risk factors as 
predictive biomarkers for SAP

Results from the ROC curve 
showed that dysphagia, NI- 
HSS score, CD4:CD8 ratio, 
CD4:CD8 ratio + NIHSS score, 
Dysphagia+ NIHSS score, and 
Dysphagia+ CD4:CD8 ratio + 
NIHSS score were all relatively 
good predictive biomarkers 
for SAP, but Dysphagia+ 
CD4:CD8 ratio + NIHSS score 
was the best predictor of SAP, 
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dies. The current study showed that the inci-
dence of SAP is 16.44%.

In this study, a single-factor analysis showed 
significant differences in age, smoking, dyspha-
gia, and baseline NIHSS scores between SAP 
and non-SAP groups. A multivariate regression 
analysis showed that smoking, dysphagia, and 
baseline NIHSS scores were independent risk 
factors for SAP. Factors, such as smoking, in- 
creased lung secretions after long-term bed 

rest, and poor coughing ability, cause a decre- 
ase in lung resistance, which increases the  
risk of lung infection. Stroke can cause varying 
degrees of dysphagia, a decrease in protective 
respiratory reflexes, and aspiration pneumonia 
when eating and drinking. Previous studies 
have shown that the NIHSS score is a risk  
factor for SAP [20-22]. The higher the NIHSS 
score, the greater the likelihood of SAP. The 
reason for this observation is that patients with 
high NIHSS scores often have a reduced level 
of consciousness or are on bed rest, and are 
prone to gastroesophageal reflux, leading to 
aspiration pneumonia.

Increasing evidence indicates that immune 
function declines after stroke, which then le- 
ads to complications from infection [23-25]. 
Prass [26] confirmed that immune dysfunction 
can be caused by stroke and confirmed a lack 
of antibacterial immune responses in an exper-
imental stroke model. This study found that 
blocking β-adrenergic receptors can prevent 
aspiration pneumonia after cerebral ischemia. 
Vogelgesang [27] confirmed that CD4 cell dys-
function can contribute to immunosuppression 
in stroke patients. Klehmet [11] showed that a 
common feature of stroke patients is a rapid 
decrease in the number of T-lymphocytes and 
the production of interferon-gamma. A reduc-
tion in the number of T-lymphocytes is more 
pronounced during infection. The results of  
this study showed that the peripheral blood 
CD4:CD8 ratio was significantly lower in SAP 
patients after acute cerebral infarction com-
pared with stroke-only patients. Results of a 
multivariate regression analysis suggested th- 
at the CD:CD8 ratio was an independent risk 
factor for SAP.

Lymphocytes play an important role in the im- 
mune system and participate in both cellular 
and humoral immune responses. A reduction in 
the number of lymphocytes or their dysfunction 
can cause severe immunosuppression, leading 
to infection. Recent studies have found that 
changes in the relative number of T-lymphocyte 
subsets are closely related to patient immune 
function status and disease progression [28-
30]. Therefore, the detection of T-lymphocyte 
subsets is critical for determining immune sta-
tus, and the CD4:CD8 ratio is the simplest and 
most specific indicator of these subsets [31- 
33].

Figure 2. CD4/CD8 Area under the curve.

Figure 3. NIHSS score Area under the curve.
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Compared with the mild NIHSS score group, 
levels of CD3, CD4, and the CD4:CD8 ratio were 
decreased in the severe NIHSS score group, 
suggesting that patients with more severe neu-
rological deficits had a greater degree of cellu-
lar immunosuppression. There were no statisti-
cally significant differences in T-lymphocyte 
subsets between patients with ischemic stroke 
that occurred in different hemispheres, consis-
tent with results from previous studies [23]. 
This finding suggested that lesions on different 

sides of the brain had no significant effects on 
cellular immune function after a stroke.

Although stroke-induced immunosuppression 
has received widespread attention, its mecha-
nism of action has not been fully elucidated. To 
date, the proposed pathological mechanisms 
include local brain tissue necrosis, hypoperfu-
sion or reperfusion injury, and activation of 
immune cells by inflammatory transmitters, fol-
lowed by the release of cytokines that enter the 
hypothalamus via an impaired blood-brain bar-
rier. Dysfunction of the hypothalamic-pituitary-
adrenal axis leads to decreased cellular im- 
mune function and SAP. In addition, sympathet-
ic nerves continue to fire during acute stroke, 
reducing local respiratory immune function, air-
way clearance, and the phagocytic capacity of 
white blood cells, which can easily lead to 
pneumonia [34-40].

Traditional indicators of primary infection inclu- 
de high white blood cell and neutrophil counts, 
but these indicators are not typically diagnos-
tic. According to a previous study, there were no 
significant differences in leukocyte or neutro-
phil counts between patients with and without 
infection at admission, suggesting that the pre-
dictive value of leukocyte and neutrophil counts 
for infection is limited [41], which is consistent 
with the results of our study. Our single-factor 
analysis found that neutrophil and lymphocyte 
counts, and neutrophil: lymphocyte ratios dif-
fered between the SAP and non-SAP groups, 
but the results of the multivariate analysis did 
not support the predictive values of these risk 
factors for SAP. This apparent discrepancy may 
be related to the small number of cases exam-
ined. Therefore, we plan to increase the sample 
size in future studies of SAP to verify the role of 
the neutrophil: lymphocyte ratio.

While some studies have found that SAP can be 
predicted, small sample sizes and complicated 
scoring methods limit the determination of SAP 
risk [42-45]. We showed that the areas under 
the ROC curve were 0.676 for the CD4:CD8 
ratio and 0.867 for the CD4:CD8 ratio + NIH- 
SS score + dysphagia. These results suggest- 
ed that the CD4:CD8 ratio had a good predic-
tive value for SAP, but the combination of the 
CD4:CD8 ratio, NIHSS score, and dysphagia 
was an even better predictor than the CD4:CD8 
ratio alone.

Figure 4. Dysphagia Area under the curve.

Figure 5. Dysphagia+ CD4/CD8+NIHSS score Area 
under the curve.
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Our study suggested that acute stroke can lead 
to changes in the peripheral blood T-lymphocy- 
te population, impaired immune function, and 
increased risk of concurrent infection. Detec- 
tion of peripheral blood T-lymphocyte subsets 
early in stroke, in particular, the CD4:CD8 T-cell 
ratio, can help predict the risk of SAP.
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