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Background: Infection remains a leading cause of morbidity and mortality in kidney transplant patients. This study aimed to
investigate the risk factors of bacterial infection during the perioperative period of transplantation and the effects of infection on long-
term clinical outcomes.
Methods: In total, 295 kidney transplantation recipients were included in this retrospective study and assigned to two groups: non-
infected and infected. The tacrolimus concentration, pharmacogenomics, laboratory parameters, and clinical outcomes of both groups
were evaluated.
Results: A relatively low incidence of urinary tract infection was observed in our cohort, and lung was identified as the most frequent
site of infection. Gram-negative bacteria, such as Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae, were the
most common infecting strains in kidney transplant recipients. Patients with diabetes showed greater susceptibility to infection.
Compared with the non-infected group, tacrolimus concentration was significantly lower on day 7 and 14 in the infected group. White
blood cell count, neutrophil count, and C-reactive protein (CRP) in the infected group were markedly higher post-transplantation,
while albumin levels were lower relative to the non-infected group. ABCB1 (rs2032582) genotype showed clear associations with
infection. Furthermore, the incidence of delayed graft function (DGF) and early acute rejection (AR) before infection was significantly
greater in the infected group. Finally, early post-transplant infection was associated with a marked increase in the incidence of AR,
post-transplant diabetes mellitus (PTDM), and secondary infection.
Conclusion: Pre-diabetes, longer duration of catheterization, lower albumin, higher CRP, tacrolimus concentration on the day 7 and
14, early AR before infection, and DGF were closely related to postoperative infection in kidney transplantation recipients. Moreover,
bacterial infection during the perioperative period was closely associated with AR, PTDM and secondary infection.
Keywords: kidney transplantation, immunotherapy, bacterial infection, risk factors, adverse reactions

Introduction
Kidney transplantation is an effective management option for end-stage renal disease. However, due to poor preoperative
basic conditions, operative and related postoperative factors, and use of immunosuppressants, the risk of infection in
kidney transplantation recipients is significantly increased relative to the general population.1,2 The reported incidence of
infection complications after kidney transplantation is between 49% and 80%.3 Although the prognosis of kidney
transplant patients has improved significantly over the past few decades, infection remains a leading cause of morbidity
and mortality in this patient population, accounting for approximately 15–20% of overall deaths.4,5

The risk of infection in kidney transplantation patients depends on their net immunosuppression status and epide-
miologic exposure.6 A major limitation in clinical care is the inability to measure the degree of immunosuppression of
specific immune cells in patients, and therefore the risk of infection cannot be predicted. Previous study suggested that
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infection is the most common cause of death in the early stages after kidney transplantation, predominantly occurring
within the first month.5 Additionally, kidney transplant recipients often develop complications such as diabetes, anemia,
and renal failure, which further increase the risk of infection. Patients with diabetes mellitus are commonly considered at
high risk of infections, and several studies have validated the link between diabetes and infection risk.7,8 This increased
susceptibility to infections may be mediated through defects in host immune defense mechanisms, including impairment
of neutrophil function, which plays an essential role in defense, especially against bacterial pathogens.9 Anemia is
additionally reported to increase susceptibility to infection by suppressing the immunological response to pathogens.10

Epidemiological studies have confirmed strong associations between severe anemic and invasive bacterial infections, in
particular with NTS bacteremia.11 Simultaneous infection with viruses, such as cytomegalovirus and Epstein-Barr virus,
is another issue of concern.12 Therefore, early identification, antibiotic treatment for early infection after kidney
transplantation and timely individualized adjustment of immunosuppressant agents are necessary to further improve
prognosis.

Increased risk of infection is also attributable to the lifelong immunosuppression required to prevent graft rejection.
Calcineurin inhibitors (CNIs), such as tacrolimus, are the most commonly used drugs to prevent graft rejection after
kidney transplantation.13 However, optimization immunosuppression regimens for kidney transplantation recipients
remain a considerable clinical challenge. Data from the 2016 report of the OPTN/SRTR highlight a 1-year post-
transplant AR rate of 11.4%–12%, which has remained relatively stable over the last 6 years.14 AR is a risk factor for
chronic kidney allograft dysfunction (CKAD), affecting nearly 50% patients within 5 years, and remains the predominant
cause of death within the first year after transplantation.15 The immunosuppressive regimen for kidney transplant patients
comprises high doses of tacrolimus combined with mycophenolate mofetil and prednisone, which has been linked with
increased rates of infection and malignancy owing to effective suppression of adaptive immunity.16 However, few studies
have evaluated the effect of reducing or even terminating immunosuppressants treatment during bacterial infection on
clinical outcomes (rejection and graft survival). In the current investigation, we aimed to establish the risk factors of
bacterial infection in kidney transplantation recipients during the perioperative period as well as the effects of infection
on graft function. Changes in blood concentration of tacrolimus during the peri-operation period of kidney transplanta-
tion were further determined, with a view to find out the safety range.

Methods
Patient Selection
This study was a retrospective study, including 295 kidney transplant patients admitted to Union Hospital, Huazhong
University of Science and Technology, from January 2015 to May 2019. Enrolment criteria were administration of
tacrolimus, mycophenolate mofetil, and corticosteroids after kidney transplantation, patients age of 18–70 years, first
kidney transplantation, and availability of complete clinical data. Exclusion criteria were age <18 years or >70 years,
combined with other organ transplantations, exposure to cyclosporine or intravenous tacrolimus, co-administration of
azole antifungal agents, or missing data. Ultimately, 295 patients receiving kidney transplants from donations after
cardiac death (DCD) were recruited for the study. DCD kidneys were regionally distributed within the organ sharing
network system of China, which is similar to the United Network for Organ Sharing. All DCD procedures were
performed by the Organ Procurement Organization of Union Hospital, Tongji Medical College, Huazhong University
of Science and Technology, in accordance with the Declaration of Istanbul. The study was approved by the Ethics
Committee of Tongji Medical College, Huazhong University of Science and Technology (Wuhan, China) ([2018] S331).
Because this investigation did not interfere with patients’ diagnosis or the treatment process, only verbal informed was
required from all patients and approved by the Ethics Committee of Tongji Medical College, Huazhong University of
Science and Technology. Our research conformed to the ethical standards of the Declaration of Helsinki. Informed
consent from the donor or their next of kin was obtained for all transplanted kidneys. We obtain patients’ information,
including demographic data, clinical symptoms, underlying comorbidities, laboratory tests and clinical medications
administered during the perioperative period, through the electronic medical record system. Adverse reactions and
graft function were determined through patient follow-up.
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Medication Regimens
All patients received a triple immunosuppressive regimen based on tacrolimus (tacrolimus, mycophenolate mofetil, and
corticosteroids). Oral administration of tacrolimus was initiated on the second day after transplantation, starting with an
initial dose of 3.0–5.0 mg, twice a day. Mycophenolate mofetil was administered at a dose of 0.5–1.0 g twice a day on
the day of transplantation. In all patients who had acute rejection during hospitalization, methylprednisolone pulse
therapy was administered.

Anti-Infection Treatment
The perioperative prophylactic antibiotics used were cefoperazone-sulbactam or piperacillin-tazobactam. Antibiotics
were discontinued on 7–8 days post-transplant if the patients had no symptoms or normal laboratory parameters of
infection were observed. When patients had fever or confirmed bacterial infection in combination with the test indicators,
empirical antimicrobial therapy was initiated. In addition, blood, sputum, urine, and abdominal drainage fluid were
collected for microbiological analysis. Second-generation and third-generation cephalosporins are commonly used for
empirical antimicrobial therapy. For multi-drug-resistant bacteria infection cases, antibiotics were upgraded to tigecy-
cline, vancomycin, meropenem, linezolid, and polymyxin B. When a fungal infection was suspected on chest X-ray,
pathogen culture, or (1-3)-β-D-glucan and galactomannan testing (G/GM test), antifungal therapy with caspofungin or
micafungin was employed. Patients showing rapid disease progression were intubated in the intensive care unit for
continuation of treatment.

Therapeutic Drug Monitoring (TDM)
After kidney transplantation, the tacrolimus concentration was measured three times weekly. If rejection or adverse
events are suspected, the frequency is increased. The tacrolimus concentration measured in whole blood with a Roche
cobas®e411 electrochemiluminescence (ECL) analyzer ranges from 0.5 to 40 ng/mL. The target trough concentration
(C0) of tacrolimus in our hospital in the first month ranged from 8 to 10 ng/mL.

Genotypes
Peripheral blood samples were genotyped using a Capital Biotechnology Precision Medicine Research Array Kit
(Thermo Fisher Scientific, Waltham, MA, USA) using the Applied Biosystems Axiom 2.0 platform. We analyzed
SNPs shown to affect tacrolimus metabolism in previous studies, including CYP3A4*22 (rs35599367), CYP3A4*1B
(rs2740574), CYP3A5*3 (rs776746), ABCB1 3435C>T (rs1045642, and rs2032582), ABCC2 (rs3740066, and
rs2273697), PXR (rs6785049) and POR*28 (rs1057868), that could explain residual pharmacokinetic variability.

Clinical Outcomes
Primary outcomes were clinical characteristics of perioperative infection, including incidence, site of infection, causative
pathogens, and antibiotics. Secondary outcomes were clinical outcomes after infection in terms of acute rejection and
CKAD. Post-transplant diabetes mellitus (PTDM), diarrhea, and liver dysfunction were the most common adverse
reactions.

Perioperative infection was defined as the first bacterial infection during the perioperative period after kidney
transplantation. The sites of infection were identified as pulmonary, intra-abdominal, urinary tract, surgical site and
blood stream. Diagnosis and treatment of different infections in kidney transplant recipients during the perioperative
period were performed according to the “Diagnostic Criteria for Nosocomial Infections” implemented by the Ministry of
Health in 2001:17 (1) For pulmonary infection: with corresponding clinical manifestations, such as fever, recent cough
and fatigue, chest tightness and shortness of breath, imaging examination were conducted. Chest computed tomography
(CT) disclosed patchy high-density shadows. Sputum culture revealed pathogenic bacteria, consistently higher or lower
of white blood cells than normal (>10*109/L or <4*109/L), and significantly higher levels of C-reactive protein relative to
normal values; (2) Symptoms for intra-abdominal infection were abdominal pain, diarrhea, vomiting, and pathogenic
bacteria in stool culture; (3) Urinary tract infection were diagnosed based on fever, frequent urination, and urgency of
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urination, continuously higher or lower white blood cell counts than normal, presence of pathogenic bacteria in urine
culture, and significantly higher C-reactive protein level than the normal value; (4) Surgical site infection was diagnosed
based on clinical signs of purulence or fever in addition to one of the symptoms of redness, edema, or pain, with
confirmation by the surgeon; (5) Bacteremia or sepsis was diagnosed in cases of body temperature higher than 38.5°C,
organ dysfunction, shock, and presence of pathogenic bacteria in blood culture.

AR is defined as an acute deterioration of graft function confirmed by graft biopsies within the first year after
transplantation. Cases of acute rejection before infection were classified as early acute rejection. CKAD was defined as
a slow change in the function of transplanted kidneys, manifesting as a gradual increase in blood creatinine and urea
nitrogen. The individual adverse reactions recorded were PTDM, secondary infections, liver dysfunction and diarrhea.
PTDM was defined as one or more of the following factors after transplantation (≥1 month): (1) fasting blood glucose
≥7.0 mmol·L−1 at least twice; (2) random blood glucose ≥11.1 mmol·L−1 at least twice; (3) receiving diet control
regimens or hypoglycemic medication. Secondary infection is defined as a second infection event after discharge.18

Statistical Analysis
Categorical variables were calculated as frequency and percentage, and compared with the χ2 test. In case where the values
were less than 5, Fisher’s exact test was selected for use. When continuous data were normally distributed, the independent
group t test was performed, and data expressed as mean ± standard deviation. Otherwise, the Mann–Whitney test was
performed and data expressed as median and interquartile range values. Genotype distribution was evaluated with Hardy-
Weinberg equilibrium. Repeatedmeasures analysis of variance was applied to compare differences in the blood concentrations
of tacrolimus and results of laboratory tests between the two groups at different times after renal transplantation. Binary
logistic regression was performed to identify independent risk factors affecting the infection results. All statistical analyses
were performed using SPSS version 24.0 software, with differences considered significant at P value <0.05.

Results
Patient Characteristics
A total of 393 kidney transplantation patients were initially assessed, following which 4 patients with combined organ
transplantation, 10 with secondary organ transplantation, 34 received cyclosporine A, 8 received azole antifungal, and 42
lost to follow-up were excluded. In total, 295 kidney transplant recipients were included for the study. All recipients
underwent transplantation for the first time, with DCD used as a source of kidneys.

Demographic and clinical characteristics of the recipients and donors are presented in Table 1. Among the 295
recipients, 85 (28.8%) patients experienced infection during the perioperative stage, of whom 54 (63.5%) were male and
31 (36.5%) were female. The median time of infection occurrence was 6 (4–14) days after the operation. In total, 292
(99.0%) recipients received dialysis treatment before the operation, predominantly hemodialysis and peritoneal dialysis.
No significant differences in dialysis type and duration were observed between the non-infected and infected groups. The
median age of the non-infected group was 42.0 ± 11.04 years; that of the infected group was 43.0 ± 11.80 years. The
length of stay for the two groups was as follows: non-infected group, 19 days (range: 18.0–24.0 days); and infected, 22
days (range: 20.0–29.0 days). However, the proportions of patients admitted into ICU for further treatment were
significantly different between the non-infected and infected groups (4.8% vs 21.2%). Underlying disease complications
were recorded in a number of patients, with hypertension (N = 266 [90.2%]), anemia (N = 119 [40.3%]), diabetes (N = 14
[4.7%]), hepatitis B (N = 15 [5.1%]), arthrolithiasis (N = 8 [2.7%]), and coronary heart disease (N = 7 [2.4%]) identified
as the most common pre-existing conditions. Kidney transplant patients with anemia and diabetes were more susceptible
to infection. A urethral catheter and D-J stent were placed during kidney transplantation. Duration of catheterization of
the two groups, non-infected group, 14 days (range: 14.0–14.0 days); infected group, 16 days (range: 14.0–19.0 days),
was significantly different. Postoperative D-J stent placement duration was around 30 days. Preoperative panel-reactive
antibody-I (PRA-I) > 10% and PRA-II > 10% were detected in 11(3.7%) and 14(4.7%) patients, respectively. In terms of
HLA-A, B, and DR matching of donors and recipients, 2(0.7%) cases of five antigen mismatches, 6 (2.0%) cases of four
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antigen mismatches, 113(38.3%) cases of three antigen mismatches, 139(47.1%) cases of two antigen mismatches, and
25(8.5%) case of one antigen mismatch, and 10(3.4%) cases of no antigen mismatch were recorded.

DGF occurred in 41 (8.8%) of the 295 patients during the first week after transplantation. The incidence of DGF was
significantly higher in the infection group. AR occurred in 26 (8.8%) patients, of whom 9 (3.1%) reached the acute
rejection end point first. The incidence of early AR was significant difference. While recipients’ and donors’ sex, age,
body mass index, and other parameters were comparable between the two groups.

Table 1 Demographic Characteristics of Kidney Transplant Recipients and Donors

N% p

Non-Infected
Group

(n = 210)

Infected Group
(n = 85)

Recipients
Gender (male) 146(69.5) 54(63.5) 0.318

Age 42.0 ±11.04 43.0±11.80 0.697
BMI 20.76(18.88–23.06) 21.67(18.37–23.83) 0.46

Length of stay 19.0(17.0–24.0) 22.0(20.0–29.0) <0.001

ICU treatment 10.0(4.8) 18.0(21.2) <0.001
Comorbidity
Hypertension 186(88.6) 80(94.1) 0.147

Anemia 74(35.2) 45(52.9) 0.003
Diabetes 5(2.4) 9(10.6) 0.003

Hepatitis B 10(4.8) 5(5.9) 0.692

Coronary heart disease 5(2.4) 2(2.4) 0.517
Arthrolithiasis 6(2.9) 2(2.4) 0.809

Others 9(4.3) 5(5.9) 0.712

Preoperative dialysis
Hemodialysis, n (%) 150(71.4) 57(67.0) 0.758

Peritoneal dialysis, n (%) 58(27.7) 27(31.8)

No dialysis, n (%) 2(0.9) 1(1.2)
Hemodialysis duration (months) 40(11–82) 42(8–76) 0.281

Peritoneal dialysis duration (months) 45(26–87) 42(12–85) 0.316

Duration of catheterization (d), median (IQR) 14(14–14) 16(14–19) <0.001
PostoperativeD-J stent placement time (d), median (IQR) 30(29–32) 30(30–31) 0.956

Cold ischemia time (min) 770(640–930) 740(610–960) 0.658
Warm ischemia time (min) 6.8±3.6 7.2±4.2 0.582

Early acute rejection reaction, n (%) 3(1.4) 6(7.0) 0.011

DGF, n (%) 23(11.0) 18(21.2) 0.022
Donors
Gender (male) 133(63.3) 52(61.2) 0.354

Age 49.0(40.0–59.25) 48.0(26.0–62.0) 0.469
BMI 23.26±5.96 23.89±6.01 0.226

PRA I >10%, n (%) 6(2.9) 5(5.9) 0.214

PRA II >10%, n (%) 8(3.8) 6(7.1) 0.235
HLA A+B+DR mismatches

0 8(3.8) 2(2.4) 0.855

1 17(8.1) 8(9.4)
2 96(45.7) 43(50.6)

3 83(39.5) 30(35.3)

4 4(1.9) 2(2.3)
5 2(1.0) 0(0)

Abbreviations: BMI, body mass index; SD, standard deviation; IQR, inter-quartile range; DGF, delayed graft function; PRA, panel reactive
antibodies; HLA, human leukocyte antigen.
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Characteristics of Perioperative Infection in Kidney Recipients
The distributions of infection episodes according to infectious sites are shown in Table 2. Pulmonary infection (45.9%)was the
most frequent perioperative infection, followed by intra-abdominal (21.2%) and urinary tract infection (17.6%). Notably, the
incidence of urinary tract infection at our center was relatively low compared with previous literature reports. Causative agents
and treatment choices for infection is shown in Table 3. A total of 37 cases of bacterial strain were isolated from recipients.
Among the 12 cases (32.4%) of gram-positive bacteria, Staphylococcus aureus was the predominant species of gram-positive
bacteria; 25 cases (67.6%) of gram-negative bacteria, and Escherichia coli, Klebsiella pneumoniae, and Pseudomonas
aeruginosawere predominant. Among the 85 infected recipients, 15 were treated with at least two antibiotics. Cefoperazone-
sulbactam (37.6%) was the most commonly prescribed antibiotic regimen, followed by piperacillin-tazobactam (30.6%),
carbapenems (28.2%), linezolid (10.6%), vancomycin (7.1%), and polymyxin B (3.5%).

Effect of Immunosuppressive Drugs on Perioperative Infection
Immunosuppressive drugs and tacrolimus concentration are shown in Table 4. In total, 260 (88.1%) patients received
induction therapy with antithymocyte globulin, whereas basiliximab was used in 35(11.9%) patients. Mycophenolate
mofetil was prescribed for 283 (95.9%) patients as an antiproliferative agent. We observed no significant differences
between the immunosuppressive drug groups in terms of infection burden. In addition, the early tacrolimus concentration
at days 7 and 14 post-transplantation in the infected group was significantly lower than that in the non-infected group.

Table 2 Incidence of Infection at Different
Sites During the Perioperative Period of
Renal Transplantation

Infection Types N(%)

Pulmonary infection 39(45.9)
Intra-abdominal infection 18(21.2)

Urinary tract infection 15(17.6)

Surgical site infection 9(10.6)
Bacteremia 4(4.7)

Table 3 Causative Agents of Infection and Treatment
Choices

Pathogenic Microorganisms N (%)

Gram-positive bacteria 12(32.4)
Staphylococcus aureus 6(50.0)

Staphylococcus epidermidis 3(25.0)

Enterococcus faecium 3(25.0)
Gram-negative bacteria 25(67.6)

Escherichia coli 10(40.0)

Klebsiella pneumoniae 7(28.0)
Pseudomonas aeruginosa 4(16.0)

Enterobacter cloacae 3(12.0)
Acinetobacter baumannii 1(4.0)

Treatments
Piperacillin-Tazobactam 26(30.6)
Cefoperazone-Sulbactam 32(37.6)

Carbapenems 24(28.2)

Linezolid 9(10.6)
Vancomycin 6(7.1)

Polymyxin B 3(3.5)
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Effect of Laboratory Findings on Perioperative Infection
Repeated measures analysis of variance was applied to compare laboratory findings, including blood routine, kidney
function, CRP and PCT between the two groups (Figures 1–4). Notably, significant differences in kidney function
indexes (Cre, BUN and uric acid) were observed from day 3 post-transplantation. Furthermore, we focused on the
associations between relevant laboratory indexes (baseline and first day after transplantation) and infection (Table 5). The
results disclosed no significant difference in the baseline values of laboratory findings between the two groups before
kidney transplantation. However, some indexes were significantly different following transplantation. In terms of blood
indexes between the two groups, WBC and Neu in the infected group were significantly higher relative to those in the
non-infected group post-transplantation. In addition, we observed significant difference in albumin (ALB) level between
the two groups. CRP and PCT in the non-infected group were significantly higher than those in the infected group
following transplantation.

Pharmacogenetic Analysis
We further investigated whether polymorphisms affected infection risk in kidney transplantation recipients. All
polymorphisms met the conditions of Hardy-Weinberg equilibrium (P > 0.05, Table S1). Notably, no mutations in the
CYP3A4*1B allele were detected, and only two of the 295 patients carried the minor allele of CYP3A4*22 in the 295
patients. Differences in these polymorphisms were compared between the two groups (Table 6). ABCB1 (rs2032582)
genotype displayed a clear association with infection risk (P = 0.032), where the frequency of the TT/CC genotype was
significantly higher in the infected (63.5%) than the non-infected group (45.7%). No significant differences were
observed for the other alleles.

Prognostic Factors of Infection in Kidney Transplantation Recipients
Anemia, diabetes, length of stay, ICU treatment, duration of catheterization, tacrolimus concentration on days 7 and 14,
WBC, Neu, ALB, CRP, PCT on the first day post-transplantation, early AR, DGF and ABCB1 (rs2032582) were factors
influencing the incidence of infection. These 15 factors were selected for subsequent logistic regression analyses.
Diabetes (OR: 1.430, 95CI%: 1.211–2.476), duration of catheterization (OR: 1.687, 95CI%: 1.044–2.724), tacrolimus
concentration on day 7 (OR: 0.869, 95% CI: 0.753–0.974), tacrolimus concentration on day 14 (OR: 0.963, 95% CI:
0.872–0.981), albumin (OR: 0.886, 95% CI: 0.797–0.986), CRP (OR: 1.489, 95% CI: 1.307–1.890), early AR (OR:

Table 4 Effects of Immunosuppressive Drugs on Infection After Kidney Transplant

N% p

Non-Infected Group
(n = 210)

Infected Group
(n = 85)

Immunosuppression regimens
Induction agent, n (%)

Basiliximab 26(12.4) 9(10.6) 0.666

Antithymocyte globulin 184(87.6) 76(89.4)
Antiproliferative agent, n (%)

Mycophenolate 201(95.7) 82(96.5) 0.766

Azathioprine 9(4.3) 3(3.5)
Tacrolimus blood level, ng/mL, mean
±SD

5th day 7.2±6.14 7.4±3.55 0.775
7th day 9.3±4.50 7.1±4.08 <0.001

14th day 10.8±5.49 8.66±3.13 <0.001

Predischarge 10.2±3.25 9.6±3.24 0.184
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3.004, 95% CI: 2.865–4.352), and DGF (OR: 3.763, 95% CI: 2.168–8.365) were the most useful independent risk factors
for early post-transplant infection (Table 7).

Effect of Perioperative Infection on Clinical Outcomes of Kidney Transplantation
All adverse reactions are listed in Table 8. AR occurred in a total of 26 (8.8%) patients, and 17 (5.8%) patients displayed
rejection after infection. While 9 (10.6%) of the recipients were in the infected group, 8 (3.8%) of the recipients were in
the non-infected group (P = 0.024). As for CKAD, 11 (12.9%) in the infected group and 17 (8.1%) in the non-infected
group. Secondary infections and PTDM were the most frequent adverse reactions in all patients. The differences in rates
of secondary infections (31.8% vs 9.5%, p < 0.001) and PTDM (11.8% vs 1.9%, p < 0.001) were significant between the
groups. In contrast, no significant differences were observed in the incidence of liver dysfunction (4.0% vs 2.4%, p =
0.582) and diarrhea (5.9% vs 3.3%, p = 0.316) between the groups.

Discussion
Bacterial infections constitute the majority of symptomatic infections (accounting for 70%) after transplantation.19,20

However, efficient diagnosis of bacterial infections and related complications after kidney transplantation remains
a considerable challenge. Early regulation of the factors influencing postoperative infections and formulation of

Table 5 Effects of Laboratory Parameters on Infection After Kidney Transplant

N% p

Non-Infected Group
(n=210)

Infected Group
(n=85)

Laboratory findingsa (baseline), mean±SD
White blood cell count, ×109/L 5.95±1.84 6.12±1.82 0.175

Red blood cell count, ×109/L 3.41±0.83 3.59±0.75 0.120

Hemoglobin, g/L 102.65±23.52 108.20±22.36 0.074
Platelet count, ×109/L 171.23±58.59 194.77±90.70 0.068

Neutrophil count, ×109/L 4.31±1.66 4.54±1.69 0.187

ALT, U/L 30.82±17.72 28.17±13.55 0.324
AST, U/L 20.91±13.04 19.53±8.12 0.926

ALB, g/L 42.38±7.37 43.47±6.05 0.265

BUN, mmol/L 19.69±7.09 18.95±7.43 0.172
Cre, μmol/L 928.02±520.55 880.55±278.09 0.506

CRP 4.84±6.25 7.33±11.46 0.386

PCT 0.34±0.54 0.67±1.31 0.151
Laboratory findingsb, mean±SD
White blood cell count, ×109/L 10.34±3.69 15.09±4.94 0.004

Red blood cell count, ×109/L 3.09±0.70 3.11±0.73 0.606
Hemoglobin, g/L 93.28±20.23 93.96±19.88 0.708

Platelet count, ×109/L 145.48±55.40 157.10±68.89 0.425

Neutrophil count, ×109/L 8.38±17.09 13.51±9.59 0.001
ALT, U/L 31.88±22.31 33.78±22.12 0.884

AST, U/L 27.98±25.44 29.93±.44 0.721

ALB, g/L 36.22±7.48 30.18±5.96 0.006
BUN, mmol/L 18.81±6.19 19.74±6.76 0.416

Cre, μmol/L 688.34±502.76 696.32±300.33 0.400
CRP 14.76±7.56 32.42±10.88 0.002

PCT 1.69±5.88 10.13±9.71 <0.001

Notes: aIndexes present the baseline value before kidney transplantation, bindexes present the first day after kidney transplantation.
Abbreviations: SD, standard deviation; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; BUN, blood urea
nitrogen; Cre, creatinine; CRP, C-reactive protein; PCT, procalcitonin.
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preventive measures is particularly important. Here, we focused on the risk factors of bacterial infection in kidney
transplantation recipients during the perioperative period and the effects of infection on clinical outcomes, taking into
consideration relevant factors, such as recipients’ and donor’ characteristics, laboratory parameters, genotypes, and
clinical outcomes.

Urinary tract infections are reported to be more common in female recipients,21,22 potentially due to the female
urethra being shorter and closer to the anus, and therefore more easily affected by intestinal flora, such as E. coli, leading
to retrograde infection.23 However, a number of studies have suggested that there is no difference between genders.24,25

In our center, a relationship between infection and gender was not observed, which could be attributed to the low
incidence of urinary tract infection in the patient population. Placement of the D-J tube during kidney transplantation
could be used to protect against vesicoureteral anastomosis, which may be a potential risk factor for early urinary tract
infection after kidney transplantation.26 In previous studies, shortening the placement time of D-J tube led to reduced
incidence of urinary tract infection and did not increase the occurrence of urinary leakage or ureteral obstruction.27

Urinary catheter is another reported risk factor for urinary tract infection, and the risk of urinary tract infection increases
by 3% to 7% for patients with urinary catheter indwelling for more than 1 day after kidney transplantation.28

Consistently, in our experiments, catheter indwelling time was an independent risk factor for perioperative infection
after kidney transplantation. Patients with diabetes mellitus are generally considered at high risk of infection, as
supported by evidence from animal models demonstrating pathophysiological interactions between hyperglycemia and

Figure 1 Comparison of blood routine indexes between non-infected and infected groups.
Notes: Applied letter-marking method. The same letter indicates no significant difference; no common letter indicates significant difference (intra group comparison). **P <
0.01 and *P < 0.05, significant differences between non-infected and infected groups.
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the development of infection.8,29 We additionally identified pre-diabetes as a factor related to infection in kidney
transplantation recipients.

C-reactive protein (CRP) is a non-specific acute-phase reaction protein for tissue injury.30 When the body is in a state
of inflammation or injury, the CRP concentration increases within 6–8 hours, and reaches peak levels within 24–48
hours. The CRP value not affected by gender, age, anemia or hyperglobulinemia.31 Albumin is mainly used as a surrogate
biomarker for diagnosing malnutrition, and also serves as a marker of illness severity based on significantly decreased
levels during states of inflammation and disease.32 Albumin provides protection from inflammatory processes and
associated damage to microcirculation and tissues.33 Hypoalbuminemia, defined as serum albumin concentration <3.5
g/dL, is associated with risk of infection in the general population, including patients with chronic kidney disease or
ESRD, and those requiring dialysis.34,35 Moreover, low pre- and post-transplant serum albumin levels are significantly
linked with delayed graft function, increased graft failure, and all-cause mortality in kidney transplantation
recipients.36,37 Our results supported the potential utility of CRP, and albumin as potential indicators of infection.

DGF is reported to increase the risk of urinary tract infections after kidney transplantation.38 Patients with DGF
require dialysis treatment and adjustment of the immunosuppressive regimen, and longer hospital stay are associated with
an increased risk of urinary tract infection.39 Recipients with AR are more likely to develop infection, which may be
attributed to greater immunosuppression intensity, resulting in immune trauma and low immune response of the host to
pathogens.40 Early S. aureus (mainly respiratory) infection has been associated with a higher incidence of acute rejection
in lung transplantation.41 In our study, DGF and early AR were identified as independent risk factors of infection during
the perioperative period.

Figure 2 Comparison of liver function between non-infected and infected groups.
Notes: Applied letter-marking method. The same letter indicates no significant difference; no common letter indicates significant difference (intra group comparison).
**P < 0.01 and *P < 0.05, significant differences between non-infected and infected groups.
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The ABCB1 (rs1045642) polymorphism has been shown to be correlated with H. pylori infection.42 In contrast, our
results suggested that the TC, mutant genotype of ABCB1 2677A/T SNP, was associated with protection against
infection; however, we observed no significant difference in multivariate analysis. Given the potential utility of the
ABCB1 genotype in evaluating post-transplant infection risk, further larger-scale studies of this association are
warranted.

Currently, individualized adjustment of immunosuppressive agents for kidney transplant recipients with bacterial
infection is a research hotspot. While the improvement of immunosuppressive programs has significantly increased the
survival rates of transplant patients, this strategy is associated with a higher risk of opportunistic infections. Several
earlier studies investigated the interactions between immunosuppressants and antimicrobial agents in transplant
recipients.43,44 For example, some antibiotics promote the metabolism of tacrolimus, which suppresses the levels of
specific doses of immunosuppressants, thus increasing the risk of rejection.45 However, down-regulation of metabolism
can lead to increased blood levels of immunosuppressants at a given dose, potentially resulting in nephrotoxicity,
excessive immunosuppression, and increased risk of life-threatening infection. Overuse of immunosuppressive agents
may trigger adverse events such as kidney injury, metabolic syndrome and acute infection.46 The issue of whether to
increase or decrease the doses of immunosuppressive agents in kidney transplant recipients is therefore a topic of

Figure 3 Comparison of renal function between non-infected and infected groups.
Notes: Applied letter-marking method. The same letter indicates no significant difference; no common letter indicates significant difference (intra group comparison). **P <
0.01 and *P < 0.05, significant differences between non-infected and infected groups.

Figure 4 Comparison of CRP and PCT between non-infected and infected groups.
Note: Applied letter-marking method. The same letter indicates no significant difference; no common letter indicates significant difference (intra group comparison). **P <
0.01 and *P < 0.05, significant differences between non-infected and infected groups.
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controversy.47 Currently, the mainstream view is that it may be safer to reduce the use of immunosuppressants in kidney
transplant recipients with infection. The Chinese Society of Organ Transplantation of the Chinese Medical Association
(CSOT) highlighted that for the infected recipients, the immunosuppressants should be adjusted in time, and combination
drug administration reduced. When the infection develops seriously, the immunosuppressant can be temporarily
discontinued. Reducing the dose of immunosuppressant is associated with a better prognosis for infected recipients. In
our hospital, oral tacrolimus treatment is usually initiated on day 2 post-transplantation. The tacrolimus blood concen-
tration should be limited to 8–10 ng/mL in the first month, and the dose reduced in cases where the recipient has tested
positive for infection. Our results showed that tacrolimus concentration was significantly lower in the infected group
on day 7 and 14 post-transplantation compared with the non-infected group, which requires further validation.

Post-transplant infection is clearly associated with poor clinical prognosis, such as increased mortality and higher risk
of graft loss.48,49 Our finding suggested that early infection increased the risks of acute rejection, PTDM, and secondary
infection. Some studies have reported that infections trigger rejection in different transplant settings.50,51 Moreover,
patients with diabetes mellitus may be at higher risk of infection-related mortality than the general population.52,53

Therefore, regular monitoring of the kidney function of patients who have experienced infection is essential to prevent
adverse clinical events. The mechanisms underlying the relationship between infection and poor clinical outcomes of
kidney transplant recipients are currently unclear but may be related to increased allogeneic and proinflammatory
responses induced by infection, which requires further study.

Table 6 Pharmacogenetics Analysis of Non-Infected and Infected Groups

Gene Genotype N(%) P.Value

Non-Infected Group
(n = 210)

Infected Group
(n = 85)

CYP3A5*3
(rs776746)

CC 91(43.3) 46(54.1) 0.536
TC 100(47.6) 36(42.4)

TT 19(9.1) 3(3.5)

ABCB1
(rs1128503)

TT 91(43.3) 33(38.8) 0.556
TC 93(44.3) 38(44.7)

CC 26(12.4) 14(16.5)

ABCB1
(rs2032582)

CC 41(19.5) 27(31.8) 0.032
TC 114(54.3) 31(36.4)

TT 55(26.2) 27(31.8)

ABCB1
(rs1045642)

TT 29(13.8) 12(14.1) 0.940
TC 103(49.0) 37(43.5)

CC 78(37.2) 36(42.4)

ABCC2
(rs717620)

TT 13(6.2) 5(2.4) 0.873
TC 72(34.3) 25(11.9)

CC 125(59.5) 55(64.7)

ABCC2
(rs2273697)

GG 170(81.0) 71(83.5) 0.406
GA 39(18.6) 13(15.3)

AA 1(0.4) 1(1.2)

ABCC2
(rs3740066)

TT 10(4.8) 4(4.7) 0.974
TC 71(33.8) 41(48.2)

CC 129(61.4) 40(47.1)

POR28
(rs2868177)

TT 79(37.6) 32(37.6) 0.355
TC 108(51.4) 34(40.0)

CC 23(11.0) 19(22.4)
PXR (rs6785049) GG 70(33.3) 27(31.8) 0.850

GA 118(56.2) 42(49.4)

AA 22(10.5) 16(18.8)

https://doi.org/10.2147/IDR.S356543

DovePress

Infection and Drug Resistance 2022:152282

Cheng et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


The main limitation of our analysis was that long-term outcomes, such as graft failure and death were not considered,
which should be followed up for evaluation. Moreover, our study was a single-center design involving only a small number of
patients. Larger-scale studies over the longer term are warranted to further confirm the validity of our results. In addition,
treatment information for patients in the ICU, such as intubation time, was unavailable and thus excluded from our analyses.

Conclusion
A relatively low incidence of UTI was recorded in our cohort, and the most common site of infection was the lung.
Furthermore, pre-diabetes, longer duration of catheterization, lower albumin, higher CRP, tacrolimus concentration
on day 7 and 14, early AR before infection, and DGF were independent risk factors for postoperative infection in
kidney transplantation recipients. Finally, early post-transplant infection significantly increased the incidence of acute

Table 8 Comparison of Adverse Reactions Between Non-Infected and Infected
Groups

N(%)

Non-Infected Group
(n = 210)

Infected Group
(n = 85)

P.value

ARa 8(3.8) 9(10.6) 0.024

CKAD 17(8.1) 11(12.9) 0.254

PTDM 4(1.9) 10(11.8) <0.001
Secondary infection 20(9.5) 27(31.8) <0.001

Liver dysfunction 5(2.4) 3(4.0) 0.582

Diarrhea 7(3.3) 5(5.9) 0.316

Note: aAR is defined as occurred infection before acute rejection.
Abbreviations: OR, odds ratio; CI, confidence interval; AR, acute rejection; CKAD, chronic kidney allograft
dysfunction; PTDM, post-transplant diabetes mellitus.

Table 7 Logistic Regression Analysis of Risk Factors Associated with Infection in Kidney
Transplant Recipients

OR 95% CI P.value

Pre-anemiaa 1.044 0.103–1.392 0.144

Pre-diabetesb 1.430 1.211–2.476 0.013

Length of stay 1.041 0.976–1.136 0.891
ICU treatmentc 1.014 0.874–1.136 0.190

Duration of catheterization 1.687 1.044–2.724 0.033

Tacrolimus concentration on day 7 0.869 0.753–0.974 0.013
Tacrolimus concentration on day 14 0.963 0.872–0.981 <0.001

White blood cell countd 1.154 0.968–1.377 0.110
Neutrophil countd 1.000 0.899–1.113 0.994

Albumind 0.886 0.797–0.986 0.027

CRPd 1.489 1.307–1.890 <0.001
PCTd 1.041 1.000–1.083 0.067

ABCB1(rs2032582)e 3.123 0.929–10.496 0.066

Early acute rejectionf 3.004 2.865–4.352 0.023
DGF 3.763 2.168–8.365 0.002

Notes: aPre-anemia was is defined as hemoglobin<120 g/L in men and 110 g/L in women before transplantation,
bpre-diabetes is defined as recipients with diabetes before transplantation, cICU treatment refers to patients
transferred to the ICU for treatment in severe cases after transplantation, dthese indexes present the first day
after kidney transplantation, eABCB1 (rs2032582)-TT/CC, fearly acute rejection is defined as acute rejection
occurring before infection.
Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; DGF, delayed graft function.
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rejection, PTDM, and secondary infection. The collective results provide valuable insights into the factors contributing to
early infection in kidney transplant recipients. We strongly recommend that individual transplant centers should explore
their own infection risk factors and causative agents for optimal management of their patients.
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