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Immunosuppressant dose reduction and long-term
rejection risk in renal transplant recipients with severe

bacterial pneumonia

Chia-Jen Shih*?3, mp, Der-Cherng Tarng?®, mp, pho, Wu-Chang Yang?3, mp, Chih-Yu Yang?3, mp

INTRODUCTION Due to lifelong immunosuppression, renal transplant recipients (RTRs) are at risk of infectious
complications such as pneumonia. Severe pneumonia results in respiratory failure and is life-threatening. We aimed to
examine the influence of immunosuppressant dose reduction on RTRs with bacterial pneumonia and respiratory failure.
METHODS From January 2001 to January 2011, 33 of 1,146 RTRs at a single centre developed bacterial pneumonia with
respiratory failure. All patients were treated using mechanical ventilation and aggressive therapies in the intensive care unit.
RESULTS Average time from kidney transplantation to pneumonia with respiratory failure was 6.8 years. In-hospital
mortality rate was 45.5% despite intensive care and aggressive therapies. Logistic regression analysis indicated that a
high serum creatinine level at the time of admission to the intensive care unit (odds ratio 1.77 per mg/dL, 95% confidence
interval 1.01-3.09; p = 0.045) was a mortality determinant. Out of the 33 patients, immunosuppressive agents were reduced
in 17 (51.5%). We found that although immunosuppressant dose reduction tended to improve in-hospital mortality, this
was not statistically significant. Nevertheless, during a mean follow-up period of two years, none of the survivors (n = 18)
developed acute rejection or allograft necrosis.

CONCLUSION In RTRs with bacterial pneumonia and respiratory failure, higher serum creatinine levels were a mortality
determinant. Although temporary immunosuppressant dose reduction might not reduce mortality, it was associated with a
minimal risk of acute rejection during the two-year follow-up. Our results suggest that early immunosuppressant reduction
in RTRs with severe pneumonia of indeterminate microbiology may be safe even when pathogens are bacterial in nature.
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INTRODUCTION
Kidney transplantation is the treatment of choice for patients with
end-stage renal disease (ESRD)," and is associated with better
survival among all solid organ transplantations, with a reported
annual crude mortality rate of 3.4%.? However, long-term
immunosuppressants that are used to prevent graft rejection may
increase the risk of immunocompromise and infection in these
patients.® Although the incidence of pneumonia is lower for
kidney transplantation than all other organ grafts, pneumonia is
a common and serious infectious complication in renal transplant
recipients (RTRs), possibly leading to respiratory failure, with
mortality rates of up to 50%.“®

In part due to their frequent contact with the healthcare system
and immunosuppressive status, RTRs may have more resistant
organisms, thus leading to the potential development of more
fulminant and virulent pneumonia in these patients. While the
development of novel immunosuppressive drugs has decreased
the risk of acute rejection and improved long-term outcome, a lack
of drug management and immune modulation has been reported
to result in severe infectious conditions in RTRs.” According
to the Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines,® temporary immunosuppressant reduction may be
beneficial in RTRs with opportunistic infection, although data
on severe bacterial pneumonia is not known.

Thus, the aim of our study was to evaluate the influence of
immunosuppressant dose reduction on patient outcomes in RTRs
with respiratory failure due to bacterial pneumonia. We also
followed up on pneumonia survivors for two years in order to
examine the occurrence of acute allograft rejection in this cohort.

METHODS

All consecutive adult RTRs admitted to Taipei Veterans General
Hospital, Taipei, Taiwan, between January 2001 and January
2011 were screened. Among these patients, those admitted
for bacterial pneumonia with respiratory failure and those
who required mechanical ventilation and aggressive therapies
in the intensive care unit (ICU) were included in the study.
Trimethoprim-sulfamethoxazole chemoprophylaxis (trimethoprim
80 mg/day; sulfamethoxazole 400 mg/day) against Pneumocystis
Jjirovecii (P, jirovecii) was routinely administered to all patients in
the first six months after kidney transplantation.

The medical records of patients were retrospectively
reviewed. The diagnosis of bacterial pneumonia with respiratory
failure was defined in accordance with the criteria set by the
Infectious Diseases Society of America/American Thoracic
Society.®'? Indications for endotracheal mechanical ventilation
were determined by the attending physicians and were
discretionary. The baseline patient characteristics, including
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age, gender, comorbidities, causes of ESRD and laboratory data,
were recorded. At the point of ICU admission, disease severity
was established using APACHE Il (Acute Physiology and Chronic
Health Evaluation 1l) classification system and the CURB-65
severity scoring system."'2 Absolute lymphocyte count was
calculated by multiplying the total white blood cell count by
lymphocyte percentage.

Diagnostic investigations undertaken during patients’ ICU
stay included sputum microbiology, blood culture, tuberculosis
smear and culture, haemogram, biochemistry, chest radiography,
and further examinations such as high-resolution computed
tomography, fibreoptic bronchoscopy, bronchoalveolar lavage,
polymerase chain reaction assay for cytomegalovirus (CMV)
and Mycobacterium tuberculosis, and serum Aspergillus
galactomannan antigen test.

The immunosuppressive protocol at our hospital generally
consisted of maintenance therapy, which included glucocorticoids,
cyclosporine, tacrolimus, mycophenolate mofetil and sirolimus
in various combinations, usually as sequential triple therapy. The
strategy of immunosuppressant reduction, including adjustment
of dose, type and timing during ICU admission, was determined
according to the discretion of each attending physician.

Binary variables were expressed in counts and percentages.
Continuous variables were described as mean + standard deviation
for normally distributed data, and as median (interquartile range
[IQR]) for non-normally distributed data. Either chi-square test
or Fisher’s exact test was performed for binary variables to
detect significant differences in mortality determinants between
the hospital survivor and hospital death groups. For continuous
variables, Student’s t-test or Mann-Whitney U test was used, as
appropriate. Logistic regression analysis was conducted to detect
independent risk factors of mortality in RTRs with pneumonia and
respiratory failure. Data was analysed using the Statistical Package
for the Social Sciences version 19.0 (SPSS Inc, Chicago, IL, USA).
All tests were two-tailed and a p-value < 0.05 was considered
statistically significant.

RESULTS

During the study period, 33 out of 1,146 RTRs at our centre
developed bacterial pneumonia with respiratory failure. Of
these 33 patients, 11 (33.3%) were diagnosed with community-
acquired pneumonia (CAP) and the rest (66.7%) with healthcare-
associated pneumonia (HCAP).“” The incidence of bacterial
pneumonia with respiratory failure was 2.9% in ten years.
In-hospital mortality was found to be 45.5% in our cohort. The
reasons for hospitalisation in patients with HCAP are shown in
Table I.

Patient demographics, comorbidities and causes of ESRD are
compiled in Table Il. The comorbidities observed in our cohort
included hypertension (69.7%), heart failure (36.4%), coronary
artery disease (18.2%), diabetes mellitus (48.5%), malignancy
(18.2%), viral hepatitis (27.3%) and cerebrovascular disease
(15.2%). Major causes of ESRD were diabetes mellitus (30.3%),
glomerulonephritis (21.2%) and hypertensive nephrosclerosis
(15.2%); the rest had unknown reasons (27.3%). Five patients

Table I. Reasons for hospitalisation in patients with healthcare-
associated pneumonia (n = 22).

Reason No. of patients
Hospital Hospital Total
survivor death
(n=13) (n=9)

Cardiovascular disease 4 1 5

Urinary tract infection 2 2

Acute kidney injury 1 2 3

Malignancy 1 1

Peptic ulcer 1 1 2

Infectious diarrhoea 1 1

Herpes zoster 1 1

Cerebrovascular disease 1 1

Liver disease = 8 3

Interstitial lung disease 1

Other 1 1 2

Table Il. Characteristics of patients with end-stage renal disease
(ESRD).

Characteristic No. of patients (%) p-value
Hospital Hospital Total
survivor death
(n=18) (n =15)
Age* (yrs) 60.2 + 8.4 552+11.0 56.9+11.4 0.148
Male gender 12 (66.7) 8(53.3) 20(60.6) 0.435
Comorbidity
Hypertension 12 (66.7) 11(73.3) 23(69.7) 0.722
Diabetes mellitus 11 (61.1) 5(33.3) 16(48.5) 0.112
Heart failure 9 (50.0) 3(20.0) 12(36.4) 0.074
Coronary artery 4 (22.2) 2(13.3) 6(18.2) 0.112
diseases
Malignancy 4(22.2) 2(13.3) 6(18.2) 0.665
Viral hepatitis 4(22.2) 5(33.3) 9(27.3) 0.697
Cerebrovascular 2(11.1) 3(20.0) 5(15.2) 0.639
disease
Causes of ESRD
Glomerulonephritis 3(16.7 4(26.7) 7(21.2) 0.674
Hypertensive 2(11.1 3(20.0) 5(15.2) 0.639
nephrosclerosis
Diabetic 8 (44.4) 2(13.3) 10(30.3) 0.070
nephropathy
Polycystic kidney 2 (11.1) 0 (0) 2(6.1) 0.489
disease
Other/unknown 3(16.7) 6 (40.0) 9(27.3) 0.239
History
Polyomavirus 0 (0) 1(6.7) 1(3.0) 0.455
infection
Cytomegalovirus 1(5.6) 2(13.3) 3(9.1) 0.579
infection
Acute rejection 2 (11.1) 3(20.0) 5(15.2) 0.639

*Data is presented as mean * standard deviation.

had a history of acute rejection, with a median interval of 13.5
(IQR 2.4-29.2) mths before ICU admission.

As shown in Table Ill, the average time from kidney
transplantation to the development of pneumonia was 6.8 years
in our cohort. The median time between the onset of respiratory
symptoms and ICU admission was 1.0 (IQR 0.0-3.3) day in the
hospital survivor group and 4.0 (IQR 1.0-6.0) days in the hospital
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Table Ill. Characteristics of patients with bacterial pneumonia and respiratory failure.

Variable Hospital Hospital Total p-value
survivor (n = 18) death (n = 15)
Time from transplantation to ICU admission* (yrs) 7.9+4.2 5.5+5.2 7.0+4.9 0.164
Time from onset of respiratory symptoms to ICU admission* (days) 1.0 (0.0-3.3) 4.0 (1.0-6.0) 3.0 (0.5-6.0) 0.073
Length of ICU stay* (days) 8.5 (6.8-21.5) 17.0 (8.0-30.0) 12.0 (6.5-22.0) 0.252
APACHE Il score at ICU admission* 235 2 5.8 29.2+4.8 28.5+5.4 0.717
Graft failure required renal replacement therapy 3 (16.7) 13 (86.7) 16 (48.5) <0.001*
Laboratory data at admission*
White blood cell count (per mm?) 9,655 + 4,589 10,273 + 7,607 9,879 + 6,142 0.775
Haematocrit (%) 249 +5.38 23.1+5.2 24.4 +5.4 0.352
Absolute lymphocyte count (per mm?) 554.3 + 393.0 547.4 + 320.9 661.3 + 535.7 0.954
Albumin (g/dL) 2.8+0.5 2.7+0.5 2.8+0.5 0.843
Creatinine (mg/dL) 28+1.4 41+19 3.3+1.8 0.027¢
No. of community-acquired pneumonia (%) 5(27.8) 6 (40.0) 11 (33.3) 0.382
No. of healthcare-associated pneumonia (%) 13 (72.2) 9 (60.0) 22 (66.7) 0.458
CURB-65 Severity Score* 2.4 +0.9 1.9+0.7 2.2+0.8 0.125
No. of microbial isolates of pneumonia (%)’
Pseudomonas aeruginosa 5(27.8) 6 (40.0) 11 (33.3) 0.458
Acinetobacter baumannii 6 (33.3) 8 (53.3) 14 (42.4) 0.247
Stenotrophomonas maltophilia 5 (27.8) 4 (26.7) 9 (27.3) 1.000
Methicillin-resistant Staphylococcus aureus 2 (11.1) 2 (13.3) 4(12.1) 1.000
Klebsiella pneumoniae 1 (5.6) 2 (13.3) 3(9.1) 0.579
Other 12 (66.7) 5 (33.3) 17 (51.5) 0.056
Polymicrobial bacteria 10 (55.6) 9 (60.0) 19 (57.6) 0.797
Bacteraemia 2 (11.1) 4 (26.7) 6 (18.2) 0.375

*Data is presented as mean + SD. tData is presented as median (interquartile range). §There may be more than one type of microbial isolate found in a single patient.
#p < 0.05 is considered statistically significant. APACHE II: Acute Physiology and Chronic Health Evaluation II; ICU: intensive care unit

death group. There were no significant differences in APACHE Il
and CURB-65 scores between the survivor and death groups at
ICU admission.

The microbial isolates from the tracheal aspirate were
Acinetobacter baumannii (A. baumannii; 42.4%), Pseudomonas
aeruginosa (P, aeruginosa; 33.3%), Stenotrophomonas maltophilia
(27.3%), methicillin-resistant Staphylococcus aureus (12.1%),
Klebsiella pneumoniae (9.1%) and others (51.5%). Polymicrobial
bacteria were noted in 19 (57.6%) patients — two different isolates
were identified in 13 patients, while three were identified in
6 patients. In all, six patients had bacteraemia. Of these six, one
and two bacteraemic patients in the survivor and death groups,
respectively, shared the same pathogens in each microbial isolate
from the tracheal aspirate. Blood culture of the remaining three
patients yielded mainly Gram-positive pathogens, Enterococcus
faecalis and methicillin-sensitive Staphylococcus aureus. No
significant difference in the microbial isolates between the
hospital survivor and death groups was noted.

Table IV indicates that the most frequently prescribed
immunosuppressant regimens were calcineurin inhibitors (45.5%)
or sirolimus (45.5%) in combination with mycophenolate mofetil
(72.7%) and glucocorticoids (54.5%). There was no significant
difference between the hospital survivor and death groups with
regard to daily dose per body weight and serum concentrations
of immunosuppressants. Immunosuppressants were reduced in
17 (51.5%) patients.

As shown in Table V, higher serum creatinine levels at the time
of ICU admission (odds ratio [OR] 1.77, 95% confidence interval
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[CI] 1.01-3.09; p = 0.045) were a determinant of in-hospital
mortality. Although immunosuppressant dose reduction tended
to improve in-hospital mortality, this did not reach statistical
significance. Goodness of fit for the logistic regression model was
reassured (p = 0.346). Renal replacement therapy was required in
three patients in the survivor group during ICU stay; two of these
patients were dialysis-free at discharge. During a mean follow-up
period of two years, none of the survivors (n = 18) developed
acute rejection or allograft necrosis.

DISCUSSION

Our findings indicate that a higher serum creatinine level at the
time of ICU admission was a determinant of mortality for RTRs
with respiratory failure due to bacterial pneumonia. In our study,
patients in the hospital death group had worse renal function
at admission than those in the hospital survivor group (serum
creatinine 4.1 = 1.9 mg/dL vs 2.8 + 1.4 mg/dL). In a multicentre
study, Canet et al reported that renal function was a significant
predictor of graft survival and dialysis-free survival for RTRs with
acute respiratory failure."® According to James et al, impaired
renal function in normal populations in Canada was associated
with a significantly higher risk of hospitalisation and death due to
pneumonia.’® Viasus et al found that mortality due to pneumonia
was higher in patients with chronic kidney disease (CKD) than
in non-CKD patients (15.8% vs 8.3%)."* According to Kasiske
et al, more advanced CKD stages one year post-transplant
were associated with increased risks of long-term mortality and
graft failure."® Eitner et al have suggested that RTRs with renal
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Table IV. Regimens and immunosuppressant dose reduction agents.

Variable Mean * SD p-value
Hospital survivor Hospital death Total
(n=18) (n=15)

Immunosuppressive regimen
Cyclosporine* 7 (38.9) 8 (53.3) 15 (45.5) 0.407
Daily dose/body weight (mg/kg/day) 1.8+0.6 1.9+0.75 2.0+0.9 0.942
Serum concentration (CO) 106.5 +49.1 203.7 +221.4 167.7 £+ 176.3 0.262
Tacrolimus* 9 (50.0) 6 (40.0) 15 (45.5) 0.566
Daily dose/body weight (mg/kg/day) 0.05 + 0.03 0.04 + 0.02 0.05 + 0.03 0589
Serum concentration (trough) 6.7 +5.4 5.8+4.9 6.5+4.9 0.755
Mycophenolate mofetil* 15 (83.3) 9 (60.0) 24 (72.7) 0.239
Daily dose/body weight (mg/kg/day) 15.2 +9.7 15.1+7.0 16.2 +10.2 0.989
Sirolimus* 4 (22.2) 6 (40.0) 10 (30.3) 0.448
Daily dose/body weight (mg/kg/day) 0.04 + 0.02 0.04 + 0.01 0.04 + 0.02 0.915
Serum concentration (trough) 8.0+ 3.7 89+1.0 9.0+3.1 0.604
Glucocorticoids* 8 (44.4) 10 (66.7) 18 (54.5) 0.202
Daily dose/body weight (mg/kg/day) 0.12 +£0.11 0.11 £ 0.09 0.15 +0.13 0.862
ISR* 9 (50.0) 8 (53.3) 17 (51.5) 0.849
ISR within 2 days of hospitalisation 4 (22.2) 1(6.7) 5(15.2) 0.346
ISR within 5 days of hospitalisation 6 (33.3) 2 (13.3) 8 (24.2) 0.242
2 50% ISR 7 (38.9) 7 (46.7) 14 (42.4) 0.653
Within 2 days of hospitalisation 3 (16.7) 1(6.7) 4 (12.1) 0.607
Within 5 days of hospitalisation 5(27.8) 2 (13.3) 7 (21.2) 0.413

*Data is presented as no. (%). = 50% ISR: either 1 of the immunosuppressants was reduced by > 50% in dosage.

ISR: immunosuppressant reduction; SD: standard deviation

Table V. Logistic regression analysis of the determinants of
in-hospital mortality.

Factor OR (95% CI) p-value
Serum creatinine at ICU 1.77 (1.01-3.09) 0.045*
admission (mg/dL)

Immunosuppressant dose reduction  0.25 (0.03-2.53)  0.240

within 2 days of hospitalisation*

Either 1 of the immunosuppressants 0.36 (0.03-3.85) 0.396

reduced by > 50% within 2 days of
hospitalisation*

*p < 0.05 was considered statistically significant. tCompared against patients
without immunosuppresant dose reduction within 2 days of hospitalisation.
#Compared against patients without immunosuppressants reduced by > 50%
within 2 days of hospitalisation. Cl: confidence interval; ICU: intensive care
unit; OR: odds ratio

insufficiency were associated with high risks of opportunistic
infection, especially P, jirovecii pneumonia."” Our study, which
also focused on severe bacterial pneumonia in RTRs, showed that
renal function was a significant short-term mortality determinant
in such patients.

RTRs have an increased risk of infection due to their
immunosuppressive status. Indeed, infection has been shown to
be the leading cause of ICU hospitalisation and death in RTRs,
whether with or without graft failure."®'? Adequate adjustment of
exogenous immunity in the face of infection and risk of rejection
in RTRs may be difficult, remaining controversial to this day.
Stamm proposed that, in general, reduction in intensity of immune
suppression may be considered in life-threatening situations.?”
Other studies suggest that approaching the immunosuppressive
regimen in stable RTRs with a minimalisation strategy may
reduce the risk of graft dysfunction and complication such as
cardiovascular disease or malignancy.?'** However, there is

little recommendation or consensus on immunosuppressant dose
reduction in RTRs under severe infectious conditions.

Reduction of immunosuppressants in RTRs according to the
KDIGO guidelines may be indicated in opportunistic infections
such as those due to Epstein-Barr virus, herpes simplex virus
types 1 and 2, varicella-zoster virus, Herpes zoster virus, life-
threatening CMV disease, polyomavirus and P. jirovecii.® In
our study, although immunosuppressant dose reduction in RTRs
with severe bacterial pneumonia tended to improve short-term
survival, this did not reach statistical significance. This finding
could probably be due to the relatively small sample size of our
study, as evidenced by ORs that were wide and over 1.0 (Table V).
Another study that included viral and fungal infections in addition
to bacterial infections in RTRs reported that aggressive reduction
of immunosuppressive therapy under highly fatal circumstances
was associated with lower mortality rates.?> We opted to focus
on a more homogeneous patient population (i.e. RTRs with
only bacterial pneumonia) in our study, as the survival benefit
of immunosuppressant reduction under opportunistic infections
might have been a significant confounding factor.

Although important, adequate immune modulation in RTRs
is difficult, as immune function must not be so low that it allows
worse infections to occur, and yet not so high as to cause acute
rejection.?*?” Hospital survivors in our study were followed up
for two years, and we found that there was no acute rejection
or allograft necrosis in patients with temporary and drastic
immunosuppressant reduction. In routine practice, immediate
identification of the pathogen responsible for pneumonia in RTRs
may not be possible. Empirically, our results suggest that early
immunosuppressant reduction for RTRs with severe pneumonia
of indeterminate microbiology was likely safe, as no further
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increases in acute rejection were noted in our patients even when
pathogens were bacterial in nature.

Patients with CKD may develop more severe pneumonia,
although only obscure symptoms and signs may be noted at
presentation.™ This may partly be due to the presence of
multiple comorbidities and alterations of the immune system
in the CKD patient population. In our study cohort, in-hospital
mortality was 45.5%, which was close to a predicted mortality
of 60.5%, as derived from the APACHE Il scores. However,
the mortality rate in our study is higher than that in previous
studies, which ranged from 22.5% to 55.8%.5'32%29 The
higher mortality rate found in our study may be due to the
greater disease severity observed in our patients (as evidenced
by their higher APACHE Il scores). However, APACHE Il scores
were not significantly predictive of in-hospital mortality in our
study, which is likely due to our small sample size. We also
found that patients who needed renal replacement therapy
during their stay in ICU had poor prognosis, similar to the
results of a study by Aldawood."® Of the survivors in the
present study, 3 (16.7%) developed graft failure and required
dialysis during ICU stay. This is consistent with the findings
of Canet et al who, in a multicentre study, showed that the
prevalence of graft failure requiring dialysis in patients with
acute respiratory failure was 23.5%." Our findings were
in agreement with a previous study by Kaplan and Meier-
Kriesche, which showed that impaired renal function may
lead to a loss of the protective effect of the transplant kidney,
and this may be associated with an increased risk of death
following graft failure.®%

In our patients, A. baumannii and P. aeruginosa were the
leading microbial isolates. Most of our patients were diagnosed
as having HCAP. Unlike CAP, HCAP is associated with a high
rate of multidrug-resistant pathogens.®" A single-centre study by
Hoyo et al also reported that P, aeruginosa was the most common
isolated microorganism in RTRs with nosocomial pneumonia.®
Studies suggest that causative microorganisms are more virulent
and drug-resistant in patients with nosocomial pneumonia than
in those with CAP.3V According to a previous study, attributable
mortality of ventilator-associated pneumonia was between 33%
and 50% in ICU patients, similar to that in our study.” This may
explain why the survival benefit of immunosuppressant reduction
was offset by the high mortality rates associated with multiple
drug-resistant or highly virulent pathogens in our patients. These
results suggest that multidrug-resistant bacterial pathogens should
be considered in RTRs with severe infection.® Timely broad-
spectrum empirical antibiotics and early recognition of pathogens
should therefore be implemented to achieve optimal treatment of
RTRs with respiratory failure due to bacterial pneumonia.

There were some limitations to our study. First, this was a
single-centre study with a retrospective design and a relatively
small sample size. Second, the benefit of immunosuppression
reduction for RTRs with clinically irrelevant pneumonia was
unknown. Third, it is challenging to distinguish between
pathogens and colonisers in clinical practice. For this reason,
in our study, microbial cultures with positive results on Gram
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staining and compatible clinical presentation were considered
as positive for infection.

In conclusion, 2.9% of RTRs in the present study developed
severe bacterial pneumonia requiring mechanical ventilation,
with a 45.5% mortality rate during an average post-transplant
period of 6.8 years. Higher chronicity of the graft kidney was
associated with higher mortality in patients with severe bacterial
pneumonia. However, while temporary immunosuppressant
dose reduction under such highly fatal circumstances might
not reduce mortality, it was found to be associated with a
minimal risk of acute allograft rejection. Our findings suggest
that early immunosuppressant reduction before microbiological
confirmation should be reasonable and safe in RTRs with severe
pneumonia caused by either opportunistic or bacterial pathogens.
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