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Abstract: Background: The aim of this study was to clarify the distinctions in the clinical characteristics and outcomes 
between early- and late-onset severe pneumonia after renal transplantation requiring ICU admission. Methods: The 
data were retrospectively collected in consecutive renal recipients with severe pneumonia from January 1, 2009, 
to December 31, 2013, in a tertiary ICU. We classified the patients according to the time of pneumonia onset as 
follows: early-onset severe pneumonia (E-SP) corresponded to a pulmonary infection occurring during the first year 
following the transplantation, and late-onset severe pneumonia (L-SP) corresponded to a pulmonary infection oc-
curring after the first year following the transplantation. Results: In the E-SP patients, fungi (42.1%) and viruses 
(31.6%) were the most common pathogens. Twenty-three (71.9%) patients received non-invasive ventilation (NIV), 
15 (65.2%) of whom were intubated. The median duration of the ICU and hospital stays was 11 ± 5 and 19 ± 4 days, 
respectively. In the L-SP patients, bacteria (42.1%) and viruses (26.3%) were the predominant pathogens. Four of 
15 (26.7%) patients failed NIV treatment. The median duration of the ICU and hospital stays was 9 ± 3 and 16 ± 3 
days, respectively. The ICU mortality among the E-SP patients was 18.8% (6 of 32), compared with 7.1% (2 of 28) in 
the L-SP group (P = 0.264). Conclusions: Early-onset severe pneumonia in renal transplant recipients resulted in a 
more serious condition, higher rate of NIV failure, longer duration of mechanical ventilation, and increased length 
of ICU and hospital stays. 
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Introduction

Pneumonia is a frequent complication after 
renal transplantation, whereas severe pneumo-
nia is a life-threatening condition that may fre-
quently require admission to the intensive care 
unit (ICU) or lead to significant morbidity and 
mortality [1]. The risk of pulmonary infection in 
renal transplant patients is determined by a 
semi-quantitative relationship between the fol-
lowing two factors: the epidemiological expo-
sures of the individual and the “net state of 
immunosuppression” [2, 3]. Epidemiological 
exposures are divided into the following four 
overlapping categories: donor- and recipient-
derived infections and community and nosoco-
mial exposures. The net state of immunosup-
pression is a complex function determined by 
the interactions of several factors (including 
the intensity of the immunosuppression, under-
lying diseases, comorbid conditions, neutrope-
nia, and metabolic conditions) [4].

Although the traditional time course of infec-
tions post-transplant was compiled to guide the 
differential diagnosis and empirical anti-infec-
tious treatment in solid organ transplant recipi-
ents, it focuses principally on the causative 
pathogens rather than on the entire clinical 
course [3]. A large cohort of renal transplant 
recipients indicated that the infection-related 
mortality during the first 3 months post-trans-
plantation was higher than that after 2 years 
post-transplantation [5], which suggested the 
presence of separate early- and late-onset 
infection subtypes among renal transplant 
recipients. Additionally, patients with severe 
pneumonia frequently require comprehensive 
management involving immunosuppressant 
adjustment, mechanical ventilation support, 
fluid management, other life support treat-
ments, and anti-infectious treatment. Few stud-
ies have been conducted to elucidate the differ-
ences in the clinical features of and response to 
interventions between early- and late-onset 
pneumonia in transplant recipients. 

http://www.ijcem.com
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We aimed to clarify the distinctions in clinical 
characteristics and outcomes between early- 
and late-onset pneumonia after renal trans-
plantation requiring ICU admission based on 
our 5-year experience. 

Methods

Patients

We retrospectively studied all the consecutive 
renal transplant recipients hospitalized in a 
medical/surgical ICU of Zhongshan Hospital of 
Fudan University from January 1, 2009, to 
December 31, 2013. This study was approved 
by the Ethics Committee of Zhongshan Hospital 
of Fudan University and was in compliance with 
the institutional requirements. The patients 
provided informed consent.

The initial diagnosis of pneumonia was mainly 
based on clinical manifestations and radiogra-
phy. All the patients received high-resolution 
computed tomography (HRCT) examinations 
before ICU admission and during the course of 
treatment in the ICU. Severe pneumonia was 

defined as a pulmonary infection warranting 
admission to the ICU. The need for ICU care is 
suggested by the presence of one of two major 
criteria (septic shock requiring vasopressors 
and acute respiratory failure requiring intuba-
tion and mechanical ventilation) or at least 
three of the following nine minor criteria: (1) 
respiratory rate ≥ 30 breaths/min; (2) PaO2/
FiO2 ratio ≤ 250; (3) multilobar infiltrates; (4) 
confusion/disorientation; (5) uremia (blood uric 
nitrogen level ≥ 20 mg/dL); (6) leukopenia 
(white blood cell count < 4000 cells/mm3); (7) 
thrombocytopenia (platelet count < 100,000 
cells/mm3); (8) hypothermia (core temperature 
< 36°C); and (9) hypotension requiring aggres-
sive fluid resuscitation [6]. The clinical diagno-
sis of acute respiratory distress syndrome 
(ARDS) was made in accordance with the 2012 
Berlin definition [7]. Acute rejection was diag-
nosed based on histological examination of the 
biopsy specimen.

We classified the patients according to the time 
of pneumonia onset as follows: early-onset 
severe pneumonia (E-SP) corresponded to a 

Table 1. Summary of standardized approach for renal transplant recipients with severe pneumonia
Major Areas Major Recommendation
Microbiological diagnosis
    (1) Non-invasive diagnosis Blood, urine and sputum culture

Serum antibodies of virus and mycoplasma; G test; GM test; T-SPOT. TB
    (2) Invasive diagnosis Fiberoptic bronchoscopy with bronchoalveolar lavage
Treatment
    (1) Empirical antibiotic therapy < 12 months: TMP-SMX + moxifloxacin + ganciclovir

> 12 months: moxifloxacin + ganciclovir
    (2) Glucocorticoids Methyprednisolone 1 mg/kg is started every 12 h intravenously 

The dosage of methyprednisolone is adjusted according to chest radiographic  
findings and oxygen saturation

    (3) Immunosuppressants All immunosuppressants are discontinued on admission to ICU
Immunosuppressants are started at a low dose when the dosage of  
intravenous methylprednisolone is reduced to 1.0 mg/kg/d

    (4) Nutrition Early enteral feeding is preferred to parenteral or delayed enteral nutrition.
Parenteral nutrition is used if calorie goals are not achieved in 3 days in ICU

    (5) Fluid management Conservative fluid management is employed relieves the pulmonary edema
    (6) Hemodynamic monitoring FloTrac/Vigileo™ or PiCCO is used in persistent haemodynamic instability
    (7) Ventilation NIV: PaO2/FiO2 < 200 mm Hg while breathing oxygen delivered by a face mask  

at a maximal concentration
MV: severe hypoxia or increasing shortness of breath

    (8) ECMO For severe hypoxemia, uncompensated hypercapnia, or the presence of  
excessively high plateau pressure

TB, tuberculosis; TMP-SMX, trimethoprim-sulfamethoxazole; ICU, intensive care unit; PiCCO, pulse indicator continuous cardiac 
output; NIV, non-invasive ventilation; MV, mechanical ventilation; ECMO, extracorporeal membrane oxygenation.
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pulmonary infection occurring during the first 
year following transplantation, and late-onset 
severe pneumonia (L-SP) corresponded to a 
pulmonary infection occurring later after the 
first year following transplantation [8, 9]. 

Standardized approach for renal transplant 
recipients with severe pneumonia (Table 1)

The standardized clinical approach for renal 
transplant patient recipients with severe pneu-
monia included microbiological diagnostic and 
therapeutic approaches that were described in 
our previous study [10].

Microbiological diagnostic approach: Non-
invasive diagnostic tests were routinely imple-
mented in all the patients, including blood, 
urine, and sputum cultures, as well as serum 
antibodies against Epstein-Barr virus (EBV), 
cytomegalovirus (CMV), Legionella, and 
Mycoplasma. Additionally, the G test, GM test, 
and T-SPOT. TB test were used for the indirect 
diagnoses. It was recommended that the 

patients with negative findings undergo aggres-
sive diagnostic procedures, principally fiberop-
tic bronchoscopy with bronchoalveolar lavage 
(BAL). 

Therapeutic approach: The empirical antibiotic 
therapy included moxifloxacin, ganciclovir, and 
trimethoprim-sulfamethoxazole (TMP-SMX) for 
early-onset pneumonia patients and moxifloxa-
cin plus ganciclovir for late-onset pneumonia 
patients. Antifungal drug therapy was adminis-
tered in cases of suspected or confirmed fungal 
infection. The dosages of all the drugs were 
adjusted based on the allograft function. The 
antibiotics were adjusted within 24 h after the 
results of the microbiological cultures and 
serum tests became available.

All the immunosuppressants were withdrawn 
on admission to the ICU, and methylpredniso-
lone (1 mg/kg every 12 h) was initiated, fol-
lowed by gradual tapering [11]. Calcineurin 
inhibitors were started at a low dose when the 
intravenous methylprednisolone dose was 
reduced to 1.0 mg/kg/d.

Table 2. Patient baseline demographics
Patient characteristics E-SP (n = 32) L-SP (n = 28) P value
Age (yrs ) 52 (41-60) 55 (47-67) 0.210
Male gender, n (%) 23 (71.8%) 13 (46.4%) 0.065
IS regimens before admission
    CsA + MMF + Pred, n (%) 12 (37.5%) 12 (42.9%) 0.793
    TAC + MMF + Pred, n (%) 19 (59.4%) 12 (42.9%) 0.301
    Rapa + MMF + Pred, n (%) 1 (3.1%) 4 (14.3%) 0.175
Comorbidities
    Diabetes mellitus, n (%) 2 (6.3%) 7 (25%) 0.069
    Hypertension, n (%) 10 (31.3%) 14 (50%) 0.189
    Congestive heart failure, n (%) 2 (6.3%) 4 (14.3%) 0.403
Symptoms at presentation
    Fever, n (%) 32 (100%) 28 (100%) 1.000
    Cough, n (%) 9 (28.1%) 13 (46.4%) 0.183
    Scanty sputum, n (%) 24 (75.0%) 20 (71.4%) 0.778
Time of onset post renal transplant (months) 3 (2-6) 96 (60-144) <0.001
Acute rejection history, n (%) 5 (15.6%) 4 (14.3%) 1.000
Severity
    PaO2/FiO2 at admission (mmHg) 156 ± 60 250 ± 84 < 0.001
    Apache-II 22 ± 5 15 ± 7 < 0.001
    SAPS-II 43 ± 15 29 ± 10 < 0.001
    ARDS criteria, n (%) 25 (78.1%) 10 (16.7%) 0.002
Results expressed as mean ± standard deviation, median (25%-75% interquartile range), n (%). E-SP, early-onset severe 
pneumonia; L-SP, late-onset severe pneumonia; IS, immunosuppression; CsA, cyclosporin A; MMF, mycophenolate mofetil; TAC, 
tacrolimus; Rapa, rapamycin; Pred, Prednisone; Apache-II, Acute Physiology and Chronic Health Evaluation II; SAPS-II, Simpli-
fied Acute Physiology Score II; ARDS, acute respiratory distress syndrome.
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Non-invasive ventilation (NIV) was considered 
the first treatment choice if the PaO2/FiO2 ratio 
was < 200 mm Hg and consisted of oxygen 
delivery by a conventional face mask at the 
maximum concentration. NIV success was 
defined as avoidance of intubation and clinical 
improvement leading to discharge to the gen-
eral ward. Endotracheal intubation was consid-
ered in the following patients: ① patients 

(5). Clinical outcome of patients (mechanical 
ventilation support, renal replacement therapy, 
length of stay in the ICU, length of stay in the 
hospital, ICU mortality, and hospital mortality). 

Statistical analysis

The normally distributed data were reported as 
the means ± standard deviation (SD) and were 
compared between the groups using an 

Table 3. Baseline laboratory tests of renal transplant patients 
with severe pneumonia
Patient Characteristics E-SP (n = 32) L-SP (n = 28) P value
Hb (g/L) 110 (104-124) 105 (100-128) 0.821
PLT (109/L) 220 (201-264) 212 (200-257) 0.803
WBC (× 109/L) 6.8 (3.8-13.3) 6.3 (4.3-8.8) 0.616
ANC (× 109/L) 8.2 (6.4-11.5) 8.4 (7.1-13.4) 0.871
ALC (× 109/L) 0.7 (0.5-0.8) 0.6 (0.4-0.8) 0.875
Creatinine (µmol/L) 116 (92-159) 114 (94-174) 0.960
Albumin (g/L) 30 (26-40) 30 (25-37) 1.000
Glucose (μmol/L) 7.5 (5.8-10.8) 8.4 (6.3-12.2) 0.766
Bilirubin (μmol/L) 8.1 (4.4-15.5) 8.7 (4.7-17.4) 0.654
NT-proBNP (pg/mL) 705 (434-1245) 774 (307-1534) 0.724
PCT (ng/mL) 0.3 (0.2-0.4) 0.3 (0.2-0.4) 1.000
Results expressed as median (25%-75% interquartile range). E-SP, early-
onset severe pneumonia; L-SP, late-onset severe pneumonia; Hb, hemoglo-
bin; PLT, platelets; WBC, white blood count; ANC, absolute neutrophil count; 
ALC, absolute lymphocyte count; NT-proBNP, N-terminal pro-brain natriuretic 
peptide; PCT, procalcitonin.

Table 4. Microbiological isolates of severe pneumonia 
in the study
Microorganism E-SP (n = 19) L-SP (n = 19)
Bacteria 4 (25.1%) 8 (42.1%)
    Streptococcus hemolyticus 0 2
    Staphylococcus aureus 1 0
    Mycobacterium species 0 1
    Escherichia coli 2 2
    Klebsiella pneumoniae 1 1
    Pseudomonas aeruginosa 0 2
Virus 6 (31.6%) 5 (26.3%)
    Cytomegalovirus 4 3
    Adenovirus 1 2
    Epstein-Barr virus 1 0
Fungi 8 (42.1%) 2 (10.5%)
    Pneumocyst carinii 4 0
    Non-Pneumocyst carinii 4 2
Mycoplasma 1 (5.3%) 3 (15.8%)
Legionella 0 1 (5.3%)
E-SP, early-onset severe pneumonia; L-SP, late-onset severe pneu-
monia.

unable to clear airway secretions; ② 
patients unable to protect the air-
way; ③ patients failing to maintain a 
PaO2/FiO2 of 100 mm Hg despite 
optimal standard medical manage-
ment or NIV with a respiratory rate 
(RR) of > 30 breaths/min and a blood 
pH < 7.3 within 4-8 h; and ④ patients 
with hemodynamic instability. The 
decision regarding endotracheal 
intubation and extubation was made 
at the discretion of the attending 
physician. 

The management of other aspects of 
care, such as blood glucose control, 
nutritional support, thromboembolic 
prophylaxis, sedation, and analge-
sia, was performed according to the 
current guidelines [12]. 

Data collection

The following data were recorded: 

(1). Baseline demographic data (age, gender, 
immunosuppression regimens before admis-
sion, comorbidities, symptoms at presenta-
tion, time of onset post-renal transplanta-
tion, and acute rejection history). 

(2). Patients’ degree of disease severity 
(PaO2/FiO2 ratio, Acute Physiology and 
Chronic Health Evaluation II [APACHE II] 
score, and Simplified Acute Physiology Score 
II [SAPS II]). 

(3). Baseline laboratory tests (hemoglobin, 
platelets, white blood count [WBC], absolute 
neutrophil count [ANC], absolute lymphocyte 
count [ALC], creatinine, albumin, glucose, 
bilirubin, N-terminal pro-brain natriuretic 
peptide [NT-proBNP], and procalcitonin 
[PCT]). 

(4). Microbiological isolates in patients with 
severe pneumonia. 
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unpaired t-test. The non-normal data were 
reported as the medians (25-75% interquartile 
range) and compared between the groups 
using the Mann-Whitney U test. The chi-square 
test or Fisher’s exact test was applied to com-
pare the categorical variables as expressed in 
the form of numbers and percentages. All the 
probabilities were 2-tailed, and values of P < 
0.05 were considered significant. All the statis-
tical analyses were performed with SPSS for 
Windows (version 11.5; SPSS, Inc., Chicago, IL, 
USA). 

Results

Baseline demographics 

During the study period, 60 recipients were 
admitted to the ICU with a primary diagnosis of 
severe pneumonia. The median age was 55 
(43-60) years. The average duration between 
the kidney transplant and the onset of pneumo-
nia was 43 (3-62) months. All the patients pre-
sented with fever; 22 (36.7%) presented with 
coughing; and 44 (73.3%) presented with 
scanty sputum. The mean APACHE II and SAPS 
II scores on admission were 22 (14-23) and 36 
(20-40), respectively. The baseline immuno-
suppressive regimens included cyclosporine A 
(CsA), tacrolimus (TAC), mycophenolate mofetil 
(MMF), rapamycin (Rapa), and prednisone 
(Pred), which were used in different combina-
tions, namely, CsA + MMF + Pred in 24 patients, 
TAC + MMF + Pred in 31 patients, and Rapa + 
MMF + Pred in 5 patients. Five (15.6%) patients 

age duration between kidney transplantation 
and pneumonia onset was 3 (2-6) months in 
E-SP and 96 (60-144) months in L-SP (P < 
0.001) patients. The condition of the E-SP 
patients was more severe, as evidenced by the 
PaO2/FiO2 on admission (156 ± 60 vs. 250 ± 
84, P < 0.001), the Apache-II score (22 ± 5 vs. 
15 ± 7, P < 0.001), the SAPS-II score (43 ± 15 
vs. 29 ± 10, P < 0.001), more extensive radio-
logical findings, and a greater number of ARDS 
criteria met (78.1% vs. 16.7%, P = 0.003) (Table 
2). 

As shown in Table 3, the results of the baseline 
biochemical tests, including hemoglobin, plate-
lets, WBC, ANC, ALC, serum creatinine, albu-
min, glucose, bilirubin, NT-BNP, and PCT, were 
not significantly different between the two 
groups.

Microbiological findings 

Sixteen (26.7%) patients had a definitive micro-
bial diagnosis based on the non-invasive diag-
nostic tests. In the remaining 44 patients, BAL 
was performed in 40 patients, with positive 
findings in 15 patients.

Among the E-SP patients, 15 (46.9%) patients 
had definite microbiological findings. The cul-
tures of the sputum, pleural fluid, blood, and 
BAL fluid showed that 8 (42.1%) patients had 
infections caused by fungi, 6 (31.6%) by virus-
es, 4 (25.1%) by bacteria, and 1 (5.3%) by 
Mycoplasma. Four patients presented with 
more than one underlying pathogen, as follows: 

Table 5. Clinical outcomes of patients with early and late-onset severe 
pneumonia
Patient characteristics E-SP (n = 32) L-SP (n = 28) P value
Mechanical ventilation support
    NIV required, n (%) 23 (71.9%) 15 (53.6%) 0.183
    NIV success, n (%) 8 (34.8%) 11 (73.3%) 0.045
    Intubation required, n (%) 16 (50%) 5 (17.9%) 0.014
    Duration of mechanical ventilation (days) 9 ± 2 6 ± 3 < 0.001
Renal replacement therapy required, n (%) 1 3 0.303
Duration of IS withdrawal (days) 10 ± 3 8 ± 3 < 0.001
Length of stay in ICU (days) 11 ± 5 9 ± 3 0.039
Length of stay in hospital (days) 19 ± 4 16 ± 3 0.002
ICU mortality, n (%) 6 (18.8%) 2 (7.1%) 0.264
Hospital mortality, n (%) 7 (21.9%) 3 (10.7%) 0.312
Results expressed as mean ± standard deviation, median (25%-75% interquartile range), n 
(%). E-SP, early-onset severe pneumonia; L-SP, late-onset severe pneumonia; NIV, non-inva-
sive ventilation; IS, immunosuppression; ICU, intensive care unit.

in the E-SP group and 
four (14.3%) patients in 
the L-SP group had the 
acute rejection history 
as confirmed by the 
biopsy.

Of the 60 patients, 32 
(53.3%) patients were 
admitted with E-SP and 
28 (46.7%) with L-SP. 
There were no signifi-
cant differences bet- 
ween these two groups 
with respect to age, 
gender, baseline serum 
creatinine, acute rejec-
tion history, comorbidi-
ties, and symptoms at 
presentation. The aver-
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CMV + Pneumocyst carinii (n = 2), adenovirus + 
Mycoplasma (n = 1), and Streptococcus hemo-
lyticus + CMV (n = 2). Sixteen (57.1%) patients 
in the L-SP group had definite microbiological 
findings. Of the 19 isolates, 8 (42.1%) were bac-
terial, 5 (26.3%) were viral, 2 (10.5%) were fun-
gal, 3 (15.8%) were caused by Mycoplasma, 
and 1 (5.3%) was caused by Legionella. Three 
cases of co-infection were identified as follows: 
CMV + EBV (n = 1), adenovirus + Mycoplasma 
(n = 1), and CMV + fungi (n = 1). No pathogens 
were isolated in the remaining 29 patients 
(48.3%) with severe pneumonia (Table 4). 

Clinical outcomes

(1) Mechanical ventilation support

All the patients received oxygen therapy via a 
facemask on admission, 38 (63.3%) of whom 
received non-invasive ventilation (NIV) due to 
progressive hypoxia. Two patients underwent 
endotracheal intubation immediately after 
admission to the ICU because of severe hypox-
ia and hemodynamic instability. In the E-SP 
group, 23 (71.9%) patients received NIV, 15 
(65.2%) of whom were intubated. In the L-SP 
group, 4 of 15 (26.7%) failed NIV. The total 
duration of mechanical ventilation was longer 
in the E-SP group than in the L-SP group (9 ± 2 
vs. 6 ± 3 days, P < 0.001) (Table 5).

Four patients with E-SP developed pneumotho-
rax during NIV treatment, three of whom died in 
the ICU. These four patients suffered from 
severe pulmonary interstitial damage during 
the course of the disease. One patient suc-
ceeded in weaning from mechanical ventilation 
after adequate gas drainage and was dis-
charged from the hospital in good condition. 
None of the patients developed pneumothorax 
in the L-SP group.

(2) Renal graft function 

Immunosuppression medications were com-
pletely withdrawn in the 60 patients on day 1 of 
admission to the ICU. The total duration of the 
immunosuppressant withdrawal was 10 ± 3 
days in the patients in the E-SP group and 8 ± 3 
days in the patients in the L-SP group (P < 
0.001). Despite aggressive withdrawal or 
reduction of immunosuppressant therapy, the 
patients did not experience clinically evident 
acute rejection episodes during hospitalization. 

The level of serum creatinine in the E-SP group 
was 91 (78-133) μmol/L at ICU discharge, 
which was similar to the mean renal function on 
ICU admission (116 [92-159] μmol/L, P = 
0.167). In the L-SP group, the mean level of 
serum creatinine at ICU discharge was 109 (94-
174) μmol/L, which was comparable to the 
mean level on ICU admission (114 [98-185] 
μmol/L, P = 0.138). These patients were fol-
lowed up for 6 months and did not exhibit any 
acute allograft rejection. Four patients required 
renal replacement therapy (RRT) during the ICU 
stay. Three patients in the L-SP group were con-
sidered to have developed chronic allograft 
nephropathy (CAN) despite the absence of a 
transplant renal biopsy; one of these patients 
died in the ICU, and two were dialysis-depen-
dent at ICU discharge. One patient in the E-SP 
group presented with a pulmonary infection 
and delayed graft function (DGF) on ICU admis-
sion. The function of the allograft gradually 
recovered after RRT, and a transplant renal 
biopsy revealed acute tubular necrosis (ATN). 
The patient did not require RRT at ICU dis-
charge. Length of stay and mortality. 

(3) Length of stay and mortality

The median duration of the ICU stay was 11 ± 5 
days in the E-SP group and 9 ± 3 days in the 
L-SP group (P = 0.039). The median total hospi-
tal stay was 19 ± 4 days in the E-SP group and 
16 ± 3 days in the L-SP Group (P = 0.002). The 
ICU mortality rate among the E-SP patients was 
18.8% (6 of 32), compared with 7.1% (2 of 28) 
in the L-SP group (P = 0.264) (Table 5). Two 
patients developed severe hypoxemia after 
returning to the general ward; subsequently, 
they both refused intubation and died of respi-
ratory failure. 

Discussion

The findings of this study indicate that the con-
dition of the renal transplant recipients with 
E-SP was more severe, as evidenced by the 
PaO2/FiO2 on admission, the Apache-II scores, 
the SAPS-II scores, and the greater number of 
ARDS criteria met compared with the L-SP 
patients. The patients with E-SP required lon-
ger mechanical ventilation, ICU stay, and hospi-
talization durations. As expected based on the 
previous study [1], the ICU and hospital mortali-
ties in the E-SP group were higher than those in 
the L-SP group, although no statistically signifi-
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cant differences were achieved because of the 
limited sample size in this study. 

Immunosuppressive agents have agent-specif-
ic side effects [13]; however, they share the 
adverse consequences of the impairment of 
normal immunity that are associated with infec-
tion. The first year post transplantation is a 
time of rapid change in immunity status and the 
time during which immunological complications 
are most common. Enhanced immunosuppres-
sion is associated with an increased risk of 
infection by opportunistic microorganisms, 
such as Pneumocystis carinii, CMV, Aspergillus, 
Cryptococcus, and EBV, due to the alteration of 
the expression of inflammatory mediators and 
cytokines by a complex interrelated cascade 
[14]. After 1 year following transplantation, the 
net state of immunosuppression of patients 
with stable and reduced levels of immunosup-
pression is typically similar to the general popu-
lation, whereas those who require intensified 
immunosuppression are at an ongoing risk for 
opportunistic infections [15]. The “net state of 
immunosuppression” is the internal cause of 
the differences between early- and late-onset 
pneumonia. In the cohort of patients in the 
present study, the immunosuppressants were 
discontinued at ICU admission. Aggressive 
reduction of immunosuppressants is consid-
ered extremely important because it allows a 
timely recovery of immunity [16]. The two 
groups of patients in our study underwent 
immunosuppressant withdrawal for 10 ± 3 and 
8 ± 3 days; however, their renal function at ICU 
discharge was comparable to baseline, and 
they did not experience acute allograft rejec-
tion within a mean duration of 6 months of fol-
low-up after ICU discharge. This finding provid-
ed further evidence that such aggressive 
immunosuppressant withdrawal was life-saving 
and that the associated long-term risk of acute 
rejection was minimal. 

Our study revealed that 48.3% of the patients 
had no microbiological diagnosis despite 
aggressive investigations, which was similar to 
the results of a previous study [5]. Determining 
the potential pathogens and administering 
improper empirical treatment may be perilous 
and adversely influence the outcome. The tradi-
tional time course of post-transplant infections 
indicated that infectious processes tend to 
occur at relatively specific times during the 
post-transplant course [3]. The patterns of 

infection in the post-transplant period have 
been altered by the increased identification of 
organisms and by antibiotic prophylactic thera-
py [4]. The microbial findings and guidelines are 
typically based on an analysis of a general pop-
ulation other than selected patients with severe 
pneumonia who required ICU admission. In this 
study, fungi and viruses were the most com-
monly found pathogens in E-SP patients, 
whereas bacteria and viruses were the predom-
inant pathogens in L-SP patients. The types of 
causative pathogens specifically found in 
severe pneumonia patients after renal trans-
plantation appeared consistent with the time 
course of post-transplant infections. 

Four cases of PCP were confirmed in the E-SP 
group, whereas no PCP was diagnosed in the 
L-SP group, demonstrating that the empirical 
use of TMP-SMX on admission served as an 
early and appropriate option against Pneu- 
mocystis carinii in E-SP patients. Gordon et al. 
found that, after the first year, 1 of 534 renal 
transplant patients on PCP prophylaxis devel-
oped an infection [17]. The late presentation of 
PCP is rare, with occurrence typically related to 
the intense immunosuppression associated 
with acute rejection [18]. Although all the renal 
transplant recipients at our center received 
regular CMV prophylaxis by oral ganciclovir or 
valganciclovir for at least 3 months post-trans-
plant, there were 4 cases of CMV pneumonia in 
the E-SP group and 3 cases in the L-SP group. 
Previously, CMV disease was considered to 
occur at one to four months post-transplanta-
tion in the absence of antiviral prophylaxis. 
Santos et al. recently found that delayed-onset 
CMV disease (occurring > 100 days post-trans-
plant) occurred more commonly than early-
onset CMV disease and that it was associated 
with inpatient death [19]. Previous transplant 
failure or rejection, lymphocyte-depleting thera-
py, and high-dose steroid administration were 
the major risk factors for delayed-onset CMV 
disease [19-21].

In this study, we found that patients in the E-SP 
group have a higher rate of NIV failure and a 
longer duration of mechanical ventilation sup-
port than L-SP patients, which implied a poorer 
response to NIV in E-SP patients. Four patients 
with E-SP developed pneumothorax during NIV 
treatment, and only one of them survived to 
hospital discharge. Concerns have been raised 
regarding the high mortality rate among 
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patients who fail NIV and the possibility that an 
unnecessary delay in intubation results in 
excess mortality [22]. Although we are unable 
to identify the risk factors for NIV failure and 
ventilator-induced lung injury (VILI) in the small 
sample of this single-center study, research to 
determine the predictors of response to NIV 
may be warranted.

Some limitations of this study should be 
acknowledged. The major limitation is that the 
study is a single-center study with a relatively 
small number of patients. Second, the retro-
spective design of the study may have higher 
risks of bias. Third, bronchoscopy with BAL was 
not performed in all the patients. The microbio-
logical etiology of the infection remained 
unknown in nearly half of the patients despite 
aggressive investigation, which prevented us 
from drawing definite conclusions regarding the 
microbiological findings.

Conclusion

In renal transplant recipients, E-SP resulted in a 
more serious condition, a higher rate of NIV fail-
ure, a longer duration of immunosuppressant 
withdrawal, a longer duration of mechanical 
ventilation, and an increased length of ICU and 
hospital stay. Our findings merit further study 
with larger trials to evaluate the clinical feature 
and outcome differences between E-SP and 
L-SP.
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