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ABSTRACT

Background and Objective: Kidney transplantation is a therapy of choice for chronic kidney disease at an advanced stage, however, such intervention
has postoperative complications and adverse effects related to immunosuppressive therapy, namely infectious conditions. This study aims to investigate
risk factors for mortality and admission to intensive care in kidney transplant recipients with respiratory tract infections.

Methods: Prospective observational study carried out between December 2017 and March 2020 in a single reference center for organ transplantation
in the state of Minas Gerais, Brazil. We included 70 kidney or kidney-pancreas transplant (adults?) patients hospitalized with high suspicion or
pulmonary infection. Patients were followed up to the outcome and received standard care. Variables whose comparison showed a p-value less than
0.20 entered the multiple logistic regression analysis. The multivariate models presented death and ICU admission as outcomes.

Results: XXIt was observed that the highest incidence of infectious events occurred in the female population, associated with the outcome of death
or ICU (p = 0.029). There was a significant association between the use of calcineurin inhibitors and death or ICU (p=0.036). Patients who died or
were transferred to ICU had a higher proportion (62.1%) of CMV. Those who did not (9.8%) (p<0.001), as well as the proportion of heart failure
(27.3%, p=0.042).

Conclusion: Cytomegalovirus infection and heart failure associated with immunosuppression by calcineurin inhibitors or Methylprednisolone in

females leads to a worse prognosis on the occurrence of respiratory tract infection in kidney transplant patients.
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Introduction

Kidney transplantation is the treatment of choice for patients with
advanced chronic kidney disease. Compared to dialysis, it is an
intervention that ensures a better quality of life [1]. However,
solid organ transplant recipients are at risk for complications

related to surgical procedures, immunosuppressive therapy,
and infections. Infections are frequent complications after solid
organ transplantation [2]. Its pathophysiology involves a complex
interaction between exposure to pathogens and immunosuppression
against rejection [3].

Among infections, previous studies have reported that those
located in the lower respiratory tract are frequent in post-kidney
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transplant patients, with incidence varying according to the region
studied since various factors interfere with risk, as well as exposure
to pathogens and socioeconomic profile [4]. These infections may
vary according to the time of surgery and the immunosuppression
profile [1]. But are more common in the first three months after
transplantation due to therapeutic immunosuppression. Most
common opportunistic respiratory infections in this population
include Pneumocystis jirovecii pneumonia, Cytomegalovirus
(CMYV) infection, and systemic fungal infections such as
Histoplasmosis, Cryptococcosis, and mycobacteriosis. These
events lead to unfavorable outcomes, such as increased morbidity
and mortality [5].

A study in Australia and New Zealand investigated the
characteristics related to mortality due to infection in several
sites after kidney transplantation, with older age, female sex,
indigenous ethnicity, T-cell depletion therapy, and transplantation
from deceased donors observed as risk factors [6]. Another study
evaluated the incidence and risk factors of infectious episodes
in kidney transplant recipients through 1,676 medical records
in hospitals affiliated with the Federal University of Sao Paulo,
Brazil. The authors identified that infections have a high prevalence
in the first year of follow-up after transplantation and that the lung
comprises 5.2% of infectious site4. However, its study was not
specific to kidney transplantation and did not refer to the Brazilian
scenario [7]. Therefore, few studies have specifically investigated
individuals after kidney transplantation with lower respiratory
tract infections, especially considering the Brazilian population.

Thus, the present study seeks to investigate risk factors associated
with mortality and admission to intensive care in kidney transplant
patients with lower respiratory tract infections.

Methods

This was a prospective cohort study carried out between December
2017 and March 2020 at a state reference hospital for solid organ
transplants in the State of Minas Gerais - Hospital Felicio Rocho
- located in Belo Horizonte. This study followed the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) checklist for observational studies [8].

Inclusion and Exclusion Criteria

The selected people were patients: with kidney or kidney-pancreas
transplants, aged 18 years or older, hospitalized with a suspected
diagnosis of parenchymal pulmonary infection. Add characterized
by the presence of one or more respiratory symptoms such as fever
(defined as Tax > 38,00c) or hypothermia (Tax < 36.00C), acute
cough, purulent sputum, chest discomfort or dyspnea associated
with new radiological opacity of a supposedly infectious
nature, documented in high-resolution chest tomography, with
identification of an infectious agent by serological methods, direct
identification of the agent in a lung specimen or lung biopsy
(transbronchial or surgical lung biopsy) or through indirect
methods, such as research for surface or cell wall antigens and
molecular biology tests. XX

Exclusion criteria were withdrawal from participation in the study,
presence of medical records with incomplete data, and acute
pulmonary infiltrate of a non-infectious nature.

Collected Data

The data collected was: age, sex, profession, type of transplant
(kidney or kidney-pancreas), address, region of residence, type of
donor (living or deceased), date of transplant, body mass index,

duration of pre—transplant dialysis, post-transplant antimicrobial
prophylaxis, previous pulmonary, pre-transplant tuberculin test,
diagnosis of diabetes mellitus, diagnosis of (noninfectious?)
pulmonary diseases before transplantation; etiology of kidney
disease, cardiovascular diseases; active or past neoplastic diseases;
recurrent urinary tract infection; immunosuppression regimen,
and status of cytomegalovirus infection.

Blood was collected for the following laboratory tests: complete
blood count, C-reactive protein (CRP), serum dosage of
immunosuppressants (tacrolimus and sirolimus), urea, creatinine,
CMV antigens or polymerase chain reaction (PCR), liver
function (aminotransferases, gamma GT, alkaline phosphatase,
total bilirubin, and protein, and fractions), sodium, potassium,
magnesium, calcium, phosphorus and two samples for blood
cultures.

Chest computed tomography was performed to verify the
presence of recent radiological opacity, opacity with ground-glass
attenuation, consolidation, nodule, and cavitation.

The bronchoalveolar lavage samples were submitted to Gram
bacterioscopy, cytology and total and differential cytometry,
bacterial culture and antibiogram, and direct research for germs:
Pneumocystis jirovecii, AFB, fungi, and parasites research. Culture
for mycobacteria, fungi, and investigation of galactomannan in
bronchoalveolar lavage were also performed in all included
patients.

Statistical Analysis

For data analysis, exploratory statistical techniques were used,
which allowed better visualization of the general characteristics
of the data. Data had presented in frequency tables with absolute
frequencies and their respective percentages, as well as descriptive
measures (mean, median, standard deviation, 25th, and 75th
percentiles) for quantitative data. Continuous variables were
tested for normality using the Kolmogorov-Smirnov test. For
comparative tests involving continuous variables, we used the
Mann-Whitney test and the Student’s t-test for nonnormal and
normal distribution, respectively.

Categorical variables were performed using the chi-square test
and Fisher’s test or Monte Carlo simulation, when necessary.
To investigate the characteristics associated with the composite
outcome of death or ICU admission, variables whose comparison
showed a p-value less than 0.20 in the bivariate analysis entered
the multiple logistic regression model. The method used was
stepwise, with the reference category being the first and model
adequacy evaluated.

In all tests, the significance level adopted was 5%. The software
used for the analysis was SPSS version 20.0.

Ethical Aspects

All participants agreed and signed the Informed Consent Form
(TCLE). This research project was approved by the Felicio Rocho
Health Sciences Center / Research Ethics Committee of the
Felicio Rocho Hospital (CAAE: 88306218.5.0000.5125, Opinion:
2.704.792) and by the Research Ethics Committee (COEP) of the
Federal University of Minas Gerais (UFMG). All patients received
the standard treatment for their case. It considers the infectious
etiology and follows the current protocols, and they were followed
up until the end of each outcome.
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Results

Patients

Table 1 shows the main characteristics of the 70 patients included in the study. The Gender variable was significantly associated with
the outcome of death or ICU (p = 0.029), and a higher proportion of women died or were transferred to the ICU (55.2%).

Table 1: General Characteristics of the Patients According to Occurrence of Death or ICU Admission During the Hospital Stay

Variables DEATH OR ICU ADMISSION Total P Value
No (n=41) Yes (n=29)

Age (years) 59 (45-63) 53 (41 - 60) 0,238*
Pre-transplant 72 (22- 84) 30 (18 -72) 0,206*
dialysis time
(months)
Time since TX 71 (23- 160) 68 (26 - 143) 0,612*
(months) Median
Serum creatinine at (IQR) 1,86 (1,26 - 2,58) 2,51(1,85 - 3,08) 0,042
the time of infection
Tacrolimus (serum 5,90 (4,00 - 9,80) 4,60 (2,90 - 7,40) 0,349%*
dosage)
Sirolimus (serum 7,25 (2,00 - 10,20) 9,55 (5,60 - 10,85) 0,379*
dosage)
RCP - Admission 100,6 (58,30 - 163) 86,0 (39,10 - 170,0) 0,779*
Gender
Female n 12 16 28

V) 0, 0, 0,

% 29,3% 55,2% 40,0% 0,029%*
Male n 29 13 42

% 70,7% 44,8% 60,0%
BMI
Underweight n 5 5 10

% 12,2% 17,2% 14,3%
Normal n 22 18 40

% 53,7% 62,1% 57,1%

- 0,528**

Overweight n 9 5 14

% 22,0% 17,2% 20,0%
Obese n 5 1 6

% 12,2% 3,4% 8,6%
Donor
Corpse n 33 23 56

% 80,5% 79,3% 80,0% 0.903%*
Living n 8 6 14

% 19,5% 20,7% 20,0%

* Mann-Whitney test; ** Chi-square test; IQR: Interquartile Range: P25 - P75

Immunosuppressants

There was a significant association between the use of calcineurin inhibitors and death or ICU admission (p=0.036). Also, a higher
proportion of these inhibitors had been used in patients who died or were transferred to the ICU (89.7%). Those who did not use this
factor were lower (68.3%). Moreover, the proportion of deaths or ICU transfers for those who used methylprednisolone (31%) was
higher than for those who did not use it (4.9%) (p=0.006). Table 2 depicts the the data regarding...
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Table 2: Class of Imnmunosuppressants and Pulse Therapy According to the Outcome of Death or ICU Admission

Variables DEATH OR ICU ADMISSION Total P Value*
Class of immunosuppressants
Calcineurin inhibitors
No n 13 3 16

% 31,7% 10,3% 22,9% 0.036*
Yes n 28 26 54

% 68,3% 89,7% 77,1%
Antiproliferative agents
No n 4 6 10

% 9.8% 20,7% 14,3% 0.299*
Yes n 37 23 60

% 90,2% 79,3% 85,7%
Corticosteroids
No n 2 1 3

% 4,9% 3,4% 4,3% 1.000%*
Yes n 39 28 67

% 95,1% 96,6% 95,7%
m-TOR inhibitors
No n 27 25 52

% 65,9% 86,2% 74,3% 0,055+
Yes n 14 4 18

% 34,1% 13,8% 25,7%
Pulse therapy with: Methylprednisolone
No n 39 20 59

% 95,1% 69,0% 84,3% 0.006%*
Yes n 2 9 11

% 4,9% 31,0% 15,7%
Use of anti-lymphocyte Ab:
No n 39 24 63

% 95,1% 82,8% 90,0% 0.118*
Yes n 2 5 7

% 4,9% 17,2% 10,0%
Total n 41 29 70

% 100,0% 100,0% 100,0%

*Chi-square test; ** Fisher’s test

Comorbidities

CMYV infection and heart failure were associated with death or ICU. Thus, patients who died or were transferred to ICU had a higher
proportion (62.1%) of CMV infection. Those who did not (9.8%) (p<0.001), as well as the proportion of heart failure (27.3% versus
7.001. p=0.042). (Table 3).
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Table 3: Comorbidities Presented According to the Outcome of Death or ICU

Comorbidities DEATH OR ICU ADMISSION Total P Value*
No (n=41) Yes (n=29)

COPD
No n 39 29 68

% 95,1% 100,0% 97,1% 0.508%*
Yes n 2 0 2

% 4,9% 0,0% 2,9%
Bronchiectasis
No n 34 27 61

% 82,9% 93,1% 87,1% 0.289%*
Yes n 7 2 9

% 17,1% 6,9% 12,9%
Pulmonary arterial hypertension
No n 41 27 68

% 100,0% 93,1% 97,1% 0.168%*
Yes n 0 2 2

% 0,0% 6,9% 2,9%
Asthma
No n 39 28 67

% 95,1% 96,6% 95,7% 1.000%*
Yes n 2 1 3

% 4,9% 3,4% 4,3%
Diabetes Mellitus
No n 25 20 45

% 61,0% 69,0% 64,3% 0.492*
Yes n 16 9 25

% 39,0% 31,0% 35,7%
Systemic Arterial Hypertension
No n 10 5 15

% 24,4% 17,2% 21,4% 0473+
Yes n 31 24 55

% 75,6% 82,8% 78,6%
Coronary artery disease
No n 37 26 63

% 90,2% 89,7% 90,0% 1,000
Yes n 4 3 7

% 9,8% 10,3% 10,0%
Cardiac Insufficiency
No n 38 21 59

% 92,7% 72,4% 84,3% 0.042*
Yes n 3 8 11

% 7.3% 27,6% 15,7%
Dyslipidemia
No n 30 20 50

% 73,2% 69,0% 71,4% 0.701
Yes n 11 9 20

% 26,8% 31,0% 28,6%

Neoplasm (Tumor)
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No n 37 28 65
% 90,2% 96,6% 92,9% 0.395*
Yes n 4 1 5
% 9,8% 3,4% 7,1%
Recurrent Urinary Tract Infection
No n 34 25 59
% 82,9% 86,2% 84,3% 0.753%*
Yes n 7 4 11
% 17,1% 13,8% 15,7%
CMYV Infection
No n 37 11 48
% 90,2% 37,9% 68,6% <0,001*
Yes n 4 18 22
% 9.8% 62,1% 31,4%
Pneumonia In The Last 12 months
32 20 52
No n 78,0% 69,0% 74,3% 0.392%
% 9 9 18
Yes n 22,0% 31,0% 25,7%
Total n 41 29 70
% 100,0% 100,0% 100,0%

* Chi-square test; ** Fisher test

The following variables: sex, calcineurin, mTOR inhibitors, methylprednisolone, antilymphocyte Ab, pulmonary arterial hypertension,
heart failure, and CMV infection entered the multiple regression model. Table 4 shows the final model.

Table 4: Final Multiple Logistic Regression Model for the Outcome Death or ICU

Variables B S.E. Wald df P Value OR IC 95% for OR
CMYV Infection 1,979 ,834 5,630 1 ,018 7,233 1,411 37,079
Cardiac Insufficiency 2,906 ,689 17,801 1 ,000 18,279 4,739 70,497

Percentage of correct classification = 80%, Pseudo R2 = 0,451, Hosmer-Lemeshow Test = 0,917

Discussion

This study analyzed aspects that favor hospitalization in intensive
care and mortality in patients who underwent kidney transplants
and evolved with lower respiratory tract infection. Several factors
are involved and can modify the results as the epidemiological
characteristics of the observed population, the comorbidities, the
immunosuppression profile, and the most prevalent infectious
agents in each region. Thus, the data analyzed in this population,
women are at greater risk. The adopted immunosuppression scheme
also interfered with the unfavorable evolution. Furthermore, heart
failure and cytomegalovirus infection were significant for the
outcome of patients.

Infectious episodes had a higher incidence in the female
population, which is in line with data found by Sousa in a study
on post-transplant infections carried out with the Sdo Paulo state
population [4]. This difference could happen because the present
study specifically analyzed pulmonary contamination and was in
the Minas Gerais state.

The present study showed that the chance of an individual with
heart failure dying or going to the ICU is 18.3 times greater than
that of an individual without heart failure (Table 4). Although,

several studies have compared the clinical outcomes of patients
who underwent kidney transplantation [9-13]. No evidence
addresses the impact of heart failure on the death and ICU stay
in pulmonary infection post-transplant. Thus, no studies were
found with a similar methodology for results direct comparison.
One hypothesis that could explain this finding is that congestive
heart failure is the most common cause of hospital admissions after
kidney transplantation, followed by infections [ 14]. Therefore, the
seriousness of these conditions is notorious.

However, some studies addressed the variables, but not all
aggregated. Cardoso studied the component heart failure plus
pulmonary infection in relation to the outcome of death [15].
However, the patients were not selected for kidney transplantation.
Of the 260 selected patients, death was 26.9% for patients with
associated conditions and 17.6% with heart failure only, without
associated infection. In this sense, association of heart failure and
pulmonary infection could increase mortality.

The present study also found that the chance of an individual
with CMV infection dying or ICU is 7.2 times greater than that
of an individual who does not have this infection (Table 4).
Cytomegalovirus infection is one of the main complications after
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kidney transplantation and can be classified as a primary infection
when transmission occurs through the graft [16]. The prevalence
of CMV infection had been reported to reach up to 80% in kidney
transplant patients [17]. The effects can be direct, which is the
development of the disease, or indirect, such as an increase in the
risk of acute rejection and chronic graft dysfunction, which could
justify this study data [16].

Immunosuppression after kidney transplantation is essential
to avoid the organ rejection process. However, it can favor
the occurrence of side effects relevant, such as opportunistic
infections [18]. A higher proportion of use of calcineurin inhibitors
(Tacrolimus) had observed in patients who died of ICU compared
with those who did not die of ICU. Corroborating these findings,
Pencheva et al. investigated the use of these inhibitors with
pulmonary infections and observed an increased risk of 1.83
times (OR = 1.83; P=0.041) [5]. Such medication is often used
in combination therapy in the maintenance phase and acts by
blocking the production of interleukin 2, thus inhibiting the
proliferation of T cells [19]. So, adaptive immunity decreases in
patients with a greater propensity to infections.

Glucocorticoids inhibit the transcription of numerous inflammatory
cytokines and are well-known additive drugs for kidney transplant
patients) [1]. The present study showed that the proportion of
deaths or ICU transfer for Methylprednisolone users was higher
than for those who did not use it. Sousa related the use of
methylprednisolone with a higher risk of developing infectious
episodes (OR 1.29, CI 1 —1.68). Also, they theorized that the use
of additional doses of immunosuppression for these treatment
rejections. Add increases the chances of infectious episodes [4].
It may be due to the association between this variable and the
risk of developing infection cases. However, the study addressed
infections at different sites, not restricting itself to lung infections.
Pencheva also associated glucocorticoids use with an increased
risk of pulmonary infection. This comparison was not performed
because more than 90% of patients in both groups (with and
without complications) used this medication [5].

No studies were found that specifically investigated lung infections
in kidney transplant patients. This work has important scientific
implications since Brazil occupies the third position in the world
in kidney transplantation [20]. Therefore, the need to understand
the worst prognosis is evident in these patients. Furthermore,
when analyzing the definition of predictors of death or ICU in
the selected population, it is possible to attribute individualized
prognoses. Therefore, one can act directly in the associated
comorbidities control and offer appropriate workup and assistance.

This study has some limitations, such as being a single-center
study with a relatively small sample that affects the generalizability
of the findings. Furthermore, this is a longitudinal observational
study, subject to biases inherent to the prospective measurement
of predictor variables. Despite this, the final multivariate logistic
regression model was used for the outcome of ICU admission
or death, with the clear advantage of determining the relative
influence of one or more predictor variables.

Conclusion

This study concluded that the following variables: CMV infection,
heart failure, female sex, and the immunosuppression regimen
using calcineurin inhibitors or glucocorticoids are related to a
substantially higher hospitalization rate in intensive care and
evolution to death in kidney transplant patients with opportunistic
pulmonary infections.
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