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	 Background:	 Kidney transplantation (KTx) has been considered as the most effective therapeutic method for end-stage re-
nal disease. Immune monitoring of peripheral lymphocyte subsets (PLS) reflects the real immune status and 
has been used for diagnosis of pneumonia after KTx. We aimed to investigate the association between pre-
transplant PLS and pneumonia in renal allograft recipients.

	 Material/Methods:	 A total of 152 patients receive donation after citizen’s death (DCD) kidney allografts in our center between 
January 2018 and December 2019. Among them, 114 patients were enrolled in our study based on inclusion 
and exclusion criteria. During the first-year follow-up after KTx, 32 recipients developed pneumonia, and the 
other 82 recipients did not (stable group). The pre-clinical information and PLS (including the percentages and 
absolute numbers (Ab No.) of peripheral T, B, and NK cells, as well as CD4/CD8 ratio) results in these 2 groups 
were calculated by the Mann-Whitney test and receiver operating curve (ROC) analysis. Univariate and multi-
variate logistic regression analyses were employed to identify risk factors.

	 Results:	 Compared to the stable group, the Ab No. of CD3+, CD8+, and CD4+ T cells, as well as B cells and NK cells, were 
notably reduced in the pneumonia patients. The area under the curve (AUC) of CD3+ T cell Ab No. was 0.7022. 
Multivariate analysis demonstrated that pre-transplant B cell Ab No. was the independent risk factor for pneu-
monia progression after KTx (OR=0.353, P=0.037).

	 Conclusions:	 Pre-transplant Ab No. of PLS were closely related to pneumonia after KTx. Monitoring pre-transplant PLS could 
provide more timely and effective prevention and therapy for post-operative pneumonia after KTx.
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Background

Kidney transplantation (KTx) is the optimal treatment for end-
stage renal disease (ESRD) at present, but long-term application 
of immunosuppressive agents causes many problems, among 
which infection is considered to be one of the most challeng-
ing complications, especially pneumonia, which is the leading 
cause of death for renal allograft recipients [1,2]. Therefore, 
the assessment and monitoring of the recipients’ immune sta-
tus is very important for the preventive and therapeutic ap-
proaches of pneumonia after KTx. Although clinical detection 
techniques have been greatly improved, peripheral blood is 
still the most common source of samples for immune status 
detection due to its rich immunological information, minimal 
invasiveness, and convenience. Since the commonly used im-
munosuppressants mainly affect the number and function of 
lymphocytes, monitoring peripheral lymphocytes is consid-
ered to be the most direct way to reflect the immune status 
and function of the body [3]. Thus, previous studies have al-
ready focused on the association between peripheral lympho-
cyte subsets (PLS) and pneumonia after KTx to evaluate its di-
agnostic value for pneumonia [4-9].

During the ESRD stage (ie, pre-transplant stage), the immune 
function of renal transplant recipients has already been affect-
ed. Under the influence of uremic toxins, metabolic abnormal-
ities, chronic inflammation, dialysis, and water overload, pa-
tients tend to have immune impairment or imbalance [10-12]. 
After renal transplantation, with the recovery of renal func-
tion and the reduction of toxins, the immune function of 
the renal allograft recipients can be gradually rebuilt and re-
paired [13,14]. Pre-transplant immune function in patients 
with ESRD can clearly affect post-operative outcome and sur-
vival [15]. Therefore, we speculated that there might be links 
between pre-transplant PLS and post-operative outcomes, es-
pecially the incidence and progression of pneumonia. In this 
study, patients with ESRD who underwent KTx in our center 
received a PLS test before surgery. During the first-year fol-
low-up after KTx, patients were divided into 2 groups: those 

who developed pneumonia and those who did not. The as-
sociation between pre-transplant PLS and the incidence and 
progression of pneumonia were analyzed. We hope to provide 
ideas and evidence for the prevention and treatment of post-
operative pneumonia through pre-transplant PLS monitoring.

Material and Methods

Study Design and Data Collection

A total of 152 patients received donation after citizen’s death 
(DCD) kidney allografts in our center between January 2018 and 
December 2019. All transplant operations were approved by 
the DCD Ethics Committee of the 3rd Xiangya Hospital, Central 
South University and the grafts were distributed by the China 
Organ Transplant Response System (COTRS, www.cot.org.cn). 
For patients requiring immune induction, basiliximab (20 mg on 
day 0 and day 4) or anti-thymocyte globulin (ATG) (1.00 mg/kg 
daily for 3 days) was applied. The standard maintenance im-
munosuppressants consisted of calcineurin inhibitor (CNI), my-
cophenolate mofetil (MMF), and corticosteroid. The diagnostic 
criteria for pneumonia were obvious clinical manifestation, pos-
itive pathogen culture, and abnormal X-ray or CT scan. Based 
on inclusion and exclusion criteria (Table 1), 114 patients were 
enrolled in this study, of which 32 patients had pneumonia 
during the first-year follow-up period, and the other 82 pa-
tients had neither infection nor rejection (stable). Clinical in-
formation is provided in Table 2. The study was approved by 
the Institutional Review Board and the Ethics Committee of the 
3rd Xiangya Hospital, Central South University (No. 2018-S347).

Blood Sample Collection and Flow Cytometry Strategy

The peripheral blood samples from patients were collected sev-
eral hours before KTx in an EDTA anticoagulant tube. Then, 50 
μl of these samples were directly transferred to a BD Trucount 
tube with BD Multitest 6-color TBNK reagent (10 μl) and incu-
bated in the dark for 15 min. Them, 450 μl red blood cell lysate 

Inclusion Exclusion

Aged 18-65 years old Re-transplantation or multiple-organ transplants

Followed up regularly in our center at least one year post KTx Onset pneumonia less than 3 months after operation

Immunosuppressant strategy was CNI+MMF+PRED HIV, HBV or HCV infected patients

Early postoperative graft failure or death without evidence of 
pneumonia

Lack of clinical or PLS data before operation

Table 1. Inclusion and exclusion criteria for renal allograft recipients.

CNI – tacrolimus or cyclosporine; MMF – mycophenolate mofetil; PRED – prednisone.
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(MBL Life Science, Nagoya, Japan) was added. The samples 
were subjected to flow cytometry (BD FACSCanto II) and an-
alyzed using BD FACSCanto clinical software (BD Biosciences, 
San Jose, CA, USA). The percentage and absolute numbers (Ab 
No.) of CD3+, CD3+CD4+, CD3+CD8+ T cells, CD19+ B cells, and 
CD16+CD56+ NK cells, as well as CD4/CD8 ratio, were calcu-
lated. Details of the methods used were described in our pre-
vious study [16].

Statistical Analysis

All analyzed data were expressed using mean and standard 
deviation (SD). At baseline, the sex ratio and the proportion 
of induction regimen were compared by chi-square (c2) test. 
The non-normally distributed data of lymphocyte subsets in 
the 2 groups were compared by Mann-Whitney U test. The 
optimal cut-off values of the absolute counts of CD3+, CD8+, 
and CD4+ T cells, B cells, and NK cells were computed by us-
ing receiver operating curve (ROC) analysis. The risk factors of 

disease progression were screened by applying univariate and 
multivariate logistic regression analyses. Renal function was 
assessed via the estimated glomerular filtration rate (eGFR) 
calculated based on the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) eq. (2009). Statistical calculations 
were performed using GraphPad Prism version 9.0 (GraphPad 
Software, Inc., La Jolla, CA, USA) or SPSS version 23.0 (SPSS, 
Inc., Chicago, IL, USA). Results were considered statistically 
significant when P<0.05.

Results

Clinical Information

A total of 114 patients were eligible for this study, of which 32 
patients had pneumonia during the first-year follow-up period, 
and the other 82 patients had neither infection nor rejection 
(stable). The mean age of all patients was 42.36±10.79 years 

All
(n=114)

Stable
(n=82)

Pneumonia
(n=32)

P 

Age (year), mean±SD 	 42.36±10.79 	 41.83±11.87 	 44.16±9.41 0.2513

Gender, M/F 79/35 58/24 21/11 0.5953

BMI (kg/m2) 	 21.62±3.12 	 21.90±3.20 	 20.89±2.83 0.2077

Dialysis, year 	 3.89±3.75 	 4.15±3.83 	 3.29±3.65 0.3261

Induction therapy 0.2667

	 None, n (%) 	 16	 (14.03) 	 10	 (12.20) 	 6	 (18.75)

	 ATG, n (%) 	 58	 (50.88) 	 39	 (47.56) 	 19	 (59.38)

	 Baliximab, n (%) 	 3	 (2.63) 	 2	 (2.44) 	 1	 (3.13)

	 ATG+Baliximab, n (%) 	 37	 (32.46) 	 31	 (37.80) 	 6	 (18.75)

Pneumonia onset time (month) – – 	 5.47±3.98

Symptom+CT, n – – 21

Symptom+CT+Blood culture, n – – 11

Pathogen, n (%)

	 Bacteria 	 13	 (41)

	 Virus 	 6	 (19)

	 Fungus 	 10	 (31)

	 Polyinfection 	 3	 (9)

Endpoint eGFR (mL/min/1.73 m2) 	 59.13±23.64 	 61.46±23.87 	 54.98±22.15 0.1253

IS withdrawn, n – – 6

Table 2. Clinical characteristics between pneumonia and stable allograft recipients.

IS – immunosuppressants.
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old. The onset time of pneumonia was 5.47±3.98 months after 
the operation. Six patients obtained an immunosuppressant 
withdrawn after a reliable diagnosis of pneumonia. Twenty-one 
cases of pneumonia were diagnosed by obvious clinical symp-
toms and CT manifestations, and 11 cases were diagnosed by 
blood pathogen culture, clinical symptoms, and CT manifesta-
tions. The statistical comparison between the 2 groups in all 
the clinical indices showed no significant difference (P>0.05). 
The distribution of the pathogens in the pneumonia group 
were bacteria (n=13, 41%), virus (n=6, 19%), fungus (n=10, 
31%), and polyinfection (n=3, 9%) (Table 2).

Comparison of Pre-Transplant PLS Analysis Between 
Pneumonia and Stable Allograft Recipients

Compared to stable allograft recipients, the ones with pneu-
monia presented with markedly lower cell counts of pre-trans-
plant CD3+ T cells (976.10±347.70 vs 725.10±276.00, P=0.0007), 
CD8+ T cells (411.50±194.30 vs 306.60±157.30, P=0.0051), and 
CD4+ T cells (539.40±204.60 vs 411.60±145.70, P=0.0037), 
as well as B cells (139.60±83.39 vs 95.81±61.27, P=0.0056) 
and NK cells (210.60±186.70 vs 149.50±114.80, P=0.0468). 
However, there was no significant difference of the frequen-
cies in all the pre-transplant indexes above (P>0.05), as well 
as CD4/CD8 ratio (Table 3, Figure 1).

ROC Curve and Cut-Off Values of Pre-Transplant PLS

We selected statistically significant indexes from the above 
results to discern patients with infection from stable allograft 
recipients, including the absolute counts of CD3+, CD8+, and 

CD4+ T cells, as well as B cells and NK cells. We determined 
the optimal cut-off values using ROC analysis. Among them, 
the absolute value of CD3+ T cells had a relatively high AUC 
(0.7022) (Figure 2). The optimal cut-off values were 822.7/ul, 
285/ul, 422.7/ul, 104.5/ul, and 78.50/ul for the absolute counts 
of CD3+, CD8+, and CD4+ T cells, as well as B cells and NK cells. 
All AUC and cut-off values are displayed in Table 4.

The Independent Risk Factor of Pre-Transplant PLS for 
Disease Progression

We aimed to identify independent predictive factors associ-
ated with disease progression based on clinical descriptions, 
and found none of the clinical indexes were significantly re-
lated with disease progression in univariate/multivariate lo-
gistic analysis. In Table 5, the univariate analysis demonstrat-
ed that the Ab No. of pre-transplant CD3+, CD8+, and CD4+ T 
cells, as well as B cells, were strongly correlated with disease 
progression. Multivariate analysis revealed only the Ab No. of 
pre-transplant B cells (OR=0.353, P=0.037) was an indepen-
dent risk factor for disease progression.

Discussion

This study successfully detailed the distribution and Ab No. 
of pre-transplant PLS and demonstrated their significance in 
predicting pneumonia after KTx. We found that, compared to 
the stable group, the Ab No. of CD3+, CD8+, and CD4+ T cells, 
as well as B cells and NK cells, were significantly lower in the 
pneumonia patients. Among these significant indices above, 

All
(n=114)

Stable
(n=82)

Pneumonia
(n=32)

P

CD3+ T cells/TBNK, mean±SD (%) 74.26±9.95 74.17±9.59 74.49±10.97 0.7089

CD8+ T cells/TBNK, mean±SD (%) 31.30±9.12 31.49±9.23 30.84±8.97 0.8140

CD4+ T cells/TBNK, mean±SD (%) 41.89±8.77 41.39±9.03 43.23±8.07 0.1156

B cells/TBNK, mean±SD (%) 10.20±5.11 10.30±4.90 9.92±5.70 0.4927

NK cells/TBNK, mean±SD (%) 14.85±8.84 14.77±8.65 15.07±9.44 0.8865

CD3+ T cells, mean±SD (/μl) 905.66±346.99 976.10±347.70 725.10±276.00 0.0007

CD8+ T cells, mean±SD (/μl) 382.03±189.97 411.50±194.30 306.60±157.30 0.0051

CD4+ T cells, mean±SD (/μl) 503.50±197.88 539.40±204.60 411.60±145.70 0.0037

B cells, mean±SD (/μl) 127.28±80.03 139.60±83.39 95.81±61.27 0.0056

NK cells, mean±SD (/μl) 193.44±171.32 210.60±186.70 149.50±114.80 0.0468

CD4/CD8 ratio, mean±SD 1.54±0.81 1.53±0.85 1.56±0.70 0.4770

Table 3. Pre-transplant PLS analysis between pneumonia and stable allograft recipients.

Cells/TBNK (%) – percentage of relevant cells in total T, B, and NK cells. /μl – absolute number of cells.
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the AUC of CD3+ T cell Ab No. was 0.7022, and the cut-off 
value was 822.7/ul. The result of multivariate logistic analy-
sis demonstrated that a low level of pre-transplant B cell Ab 
No. was an independent risk factor for pneumonia progres-
sion after KTx. Therefore, monitoring pre-transplant PLS allow 
prediction of pneumonia and contribute to prompt prevention 
and therapy for pneumonia after KTx.

Pneumonia is one of the most common complications in KTx, 
and morbidity and mortality rates among patients are high. 
During the early post-transplant period, recipients are at in-
creased risk of infection during hospitalization [1]. In our study, 
patients in the ATG and non-ATG groups were not analyzed 
because of data deficiencies in patients who received trans-
plants outside our center. Due to the low routine dose of ATG 
used in China (1.00 mg/kg for 3 consecutive days), patients 

typically developed lymphocyte reconstruction 3 months after 
transplantation (unpublished data). Hence, we only enrolled 
patients beyond 3 months after transplantation. Some stud-
ies showed a strong association between post-operative PLS 
and pneumonia after kidney transplantation. Luo et al found 
that decreased Ab No. of T cells and NK cells were related to 
the infection onset in renal allograft recipients [17]. Fernandez-
Ruiz et al also reported that low post-operative Ab No. of PLS 
could predict post-transplantation opportunistic infections in 
renal transplant recipients and discovered that CD8+ T cells 
<100/μl and CD4+ T cells <50/μl at 1 month after transplan-
tation were the optimal predictors discriminating between the 
non-ATG and ATG groups [5]. In our recent study, we found all 
the Ab No. of post-operative PLS were closely associated with 
pneumonia diagnosis in KTx, and among them, we verified 
that the Ab No. of CD8+ T cells and NK cells showed the best 
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Figure 1. �Ab No. of CD3+ T cell, CD8+ T cell, CD4+ T cell, B cell and NK cell between pneumonia and stable allograft recipients. 
(GraphPad Prism version 9.0, GraphPad Software, Inc., La Jolla, CA, USA).
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prediction performance, with AUC of 0.940 by machine learn-
ing models [16]. We further investigated the diagnostic val-
ue of severe pneumonia in KTx and found that the counts of 
CD4+ T cells and NK cells were significantly decreased in pa-
tients with severe pneumonia (unpublished data). Therefore, 
the diagnostic value of post-operative PLS (mainly the absolute 
counts) was shown to be very high in pneumonia after KTx. 
Most transplant experts agree that early prediction and pre-
vention of respiratory infection is even more important than af-
ter the onset of infection. However, there are not enough pre-
dictable studies of this kind, especially pre-transplant predicts 
of immune function. Crepin et al performed research similar 
to the present study and found pre-transplant immune senes-
cence (ie, CD4/CD8 ratio less than 1 and/or CD8+ T cell count 
exceeding 90th percentile) increased the risk of opportunistic 
infections and severe bacterial infection after renal transplan-
tation [18]. Fribourg et al monitored peripheral T cell deple-
tion using time-of-flight (CyTOF) mass cytometry and found 
that there was a correlation between a rise of particular sub-
groups of CD4+ and CD8+ depleted T cells from before trans-
plantation compared to 6 months after transplantation, and 
found improved outcomes in kidney transplant recipients, but 
they also pointed out this would be related to an increased in-
cidence of opportunistic infections after KTx [19]. In our cur-
rent study, low pre-transplant Ab No. of all the PLS indices 

Test result 
variable(s)

Area SEM
Asymptotic 95% confidence Cut-off 

value
Sensitivity% Specificity%

Lower bound Upper bound

CD3+ T cells (/μl) 0.7022 0.055 0.59 0.81 <822.7 75.00 58.54

CD4+ T cells (/μl) 0.6681 0.059 0.55 0.78 <285.0 53.13 75.61

CD8+ T cells (/μl) 0.6740 0.055 0.57 0.78 <422.7 62.50 64.63

B cells (/μl) 0.6662 0.057 0.56 0.78 <104.5 65.63 64.63

NK cells (/μl) 0.6200 0.059 0.50 0.74 <78.50 40.63 85.37

Table 4. Areas under the curve (AUC) and cut-off values of pre-transplant PLS.

SEM – standard error of mean. /μl – absolute number of cells.

Variable
Univariate analysis Multivariate analysis

OR P OR P

CD3+ T cells (/μl) 0.9968 0.0010** 0.615 0.493

CD4+ T cells (/μl) 0.9954 0.0032** 0.789 0.694

CD8+ T cells (/μl) 0.9959 0.0079** 0.388 0.088

B cells (/μl) 0.9912 0.0112* 0.353 0.037*

NK cells (/μl) 0.9969 0.0872

Table 5. Risk factors of pre-transplant PLS for progression by logistic regression.

OR – odds ratio, * <0.05, ** <0.01. /μl – absolute number of cells.
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Figure 2. �ROC curve of Ab No. of CD3+ T cells used to distinguish 
pneumonia from stable allograft recipients. (GraphPad 
Prism version 9.0, GraphPad Software, Inc., La Jolla, CA, 
USA).
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showed a strong predictable association with pneumonia af-
ter KTx, but there was no significant difference in the distribu-
tion of these indices, and they found no significant difference 
in CD4/CD8 ratio. We also showed post-operative CD4/CD8 ra-
tio might not be a meaningful index for diagnosing the pneu-
monia after KTx [16]. According to our clinical experience, per-
centages and CD4/CD8 ratio only had efficacy if the absolute 
counts were basically normal. Additionally, some special cell 
markers and cytokines could be also used for predictable in-
dices. CD200 is an immunosuppressive protein expressed on 
a wide variety of cells such as B cells and activated T cells that 
inhibits immunological effect through its receptor CD200R1. 
Oweira et al assessed CD200 and CD200R1 concentrations 
immediately before KTx and found there was a positive asso-
ciation between pre-transplant CD200R1 concentrations and 
Cytomegalovirus (CMV) infection [20]. Li et al assessed pre-
transplant serum T cell immunoglobulin and mucin domain-3 
(Tim-3) and Galectin-9 (Gal-9), but found they were not obvi-
ously related to infection after KTx [21].

Renal failure and dialysis alter a patient’s immune profile, and 
both the innate and adaptive immune systems are serious-
ly impaired because of metabolic disorder, uremic toxin accu-
mulation, chronic inflammatory stimulation, long-term dialysis, 
and other factors [22]. Although uremia can stimulate the ac-
tivation of innate immune effectors, their impaired anti-bacte-
rial capacity can lead to a higher risk of extracellular bacterial 
infections [23]. Premature senescence of CD4+ T cells during 
ESRD is considered to influence subsequent kidney graft func-
tion, and because the senescent T cells cannot be inverted, the 
peripheral T cell compartments are impaired after KTx using 
immunosuppressants [24]. Additionally, progressive thymic in-
volution is a predominant characteristic of ESRD-associated im-
mune senescence. Courivaud et al assessed the thymic func-
tion before transplantation via recent thymic emigrants (RTE) 
and found that lower levels of RTE were strongly correlated 
with poor outcomes in renal allograft recipients [15]. A recent 
single-cell transcriptome study showed that among ESRD pa-
tients there were a marked rise in inflammation reaction, com-
plement cascade, and cell metabolism, and a significant decline 
in regulating the progression of immune cell cycle in related 
cell-types [25]. In a word, immune impairment was continuous 
from ESRD stage to post-transplant period, and the immune 
function could not be recovered even if the renal dysfunction 
was restored by transplant surgery. Thus, the infection risk af-
ter KTx was tightly associated with a degree of pre-transplant 
immune status and function. Another interesting issue is that 
pre-transplant B cell count had a major impact on pneumo-
nia occurrence after KTx by multivariate logistic analysis in our 
study. Thus, apart from failing to augment immune reactions 
of efficient T cell, the adaptive humoral reactions also become 
impaired in uremia patients. As the antigen binds to the sur-
face B cell receptor (BCR), antibodies to the protein antigen 

are produced in the secondary lymphoid organs. The activated 
first signal transfers to cogenetic B cells and facilitates the in-
ternalized antigen, and is subsequently presented as peptides 
on cell-surface MHC molecules. The activated second signal is 
transferred via T follicular helper (Tfh) cells. After recognition of 
antigen/MHC-complexes on the surface of B cells via the TCR, 
the final signal reciprocally transfers soluble and membrane-
bound effector molecules. B cells are activated in the germi-
nal center reaction, which gives rise to high-affinity antibody-
secreting plasma cells and high-affinity memory B cells [26]. 
Therefore, it is observed that uremia toxins can suppress the 
immune reactions of helper T cell and result in failing to activate 
B cells and produce antibody responses [27], perhaps because 
the uremia toxins have a negative impact on B cells, impair-
ing humoral response among uremia patients. Decline in GFR 
is related to a reduced number of total B cells, which seeming-
ly influence naïve/memory subsets [28]. The above processes 
might lead to the non/low response of an anti-infection by B 
cells after KTx. In addition to the association with pneumonia 
after KTx, other outcomes, like renal function (creatinine lev-
el), are of interest to researchers. Therefore, we performed cor-
relation analysis between post-operative creatinine level and 
pre-transplant PLS in both patient groups using Pearson corre-
lation analysis. However, we did not find any statistically sig-
nificance difference (Supplementary Figure 1), which indicated 
there would be no relationship between post-operative creati-
nine level and pre-transplant PLS in renal allograft recipients.

There were some limitations to this study. First, our study had 
a comparatively small number of samples from a single cen-
ter, which may have contributed to biased data analysis. Due 
to the imperfect follow-up and the supply of some laboratory 
reagents, many data such as MFI of CD64 and HLA-DR were 
missing, which directly led to these indicators being exclud-
ed. As a result, our study indicators were reduced. Therefore, 
future large-scale, multicenter, and multiple-index studies are 
required to fully identify the mechanisms of pre-transplant 
PLS in transplant infection and immunity.

Conclusions

This study demonstrated the association between pre-trans-
plant PLS and pneumonia after KTx and found that Ab No. 
of pre-transplant CD3+, CD8+, and CD4+ T cells, as well as B 
cells and NK cells, was significantly lower in the pneumonia 
patients. Among them, CD3+ T cell Ab No. could best identi-
fy patients at risk of pneumonia. Furthermore, the low level 
of pre-transplant B cell Ab No. was an independent risk fac-
tor for pneumonia progression. Monitoring pre-transplant PLS 
can provide important insights for more timely and effective 
prevention and therapy of post-operative pneumonia in renal 
allograft recipients.
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Supplementary Figure 1. �Correlation analysis of pre-transplant PLS and post-operative creatinine level in pneumonia and stable 
allograft recipients. (GraphPad Prism version 9.0, GraphPad Software, Inc., La Jolla, CA, USA).
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