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Abstract

Background: Trimethoprim-sulfamethoxazole (TMP-SMX) is the drug of choice for anti-Pneumocystis jirovecii
pneumonia (PcP) prophylaxis in kidney transplant recipients (KTR). Post-transplant management balances
preventing PcP with managing TMP-SMX-related adverse effects. TMP-SMX dose reduction addresses adverse
effects but its implications to incident PcP are unclear.

Methods: We performed a retrospective review of all patients transplanted between 2011 and 2015 prescribed
daily single strength TMP-SMX for twelve months post-transplantation as PcP prophylaxis. Actual TMP-SMX dose
and duration, adverse effects, number of dose reductions and reasons, and PcP events were captured. Multivariate
logistic regression analyses for risk factors associated with dose reduction were performed.

Results: Of 438 KTR, 233 (53%) maintained daily TMP-SMX and 205 (47%) sustained ≥1 dose reduction, with the
point prevalence of a reduced dose regimen being between 18 and 25%. Median duration for daily TMP-SMX was
8.45/12 months, contributing 4137 patient-months daily TMP-SMX and 1110 patient-months with a reduced dose.
PcP did not occur in any patients. There were 84 documented dose reductions for hyperkalemia and 102 for
leukopenia, with 12 and 7 patients requiring TMP-SMX cessation. In multivariate analysis, a living donor transplant
protected against hyperkalemia (Odds Ratio 0.46, 95% CI 0.26–0.83, p < 0.01) while acute rejection risked leukopenia
(Odds Ratio 3.31, 95% CI 1.39–7.90, p = 0.006).

Conclusions: TMP-SMX dose reduction is frequent in the first post-transplant year but PcP does not occur. To limit
the need for TMP-SMX dose reduction due to adverse effects, a clinical trial comparing daily to thrice weekly single
strength TMP-SMX in de-novo KTR is justified.
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Background
Pneumocystis jirovecii (P. jirovecii) is an important
pneumonia-causing opportunistic fungus in kidney trans-
plant recipients (KTR), causing disease (Pneumocystis
jirovecii pneumonia, or PcP) through reactivation, as well as
direct or indirect person-to-person transmission [1]. PcP as-
sociates with a high mortality rate in solid organ transplant

recipients [2, 3]. The drug of choice for anti-Pneumocystis
prophylaxis is trimethoprim-sulfamethoxazole (TMP-SMX)
[1]. However, TMP-SMX associates with numerous adverse
effects, including bone marrow suppression, hepatitis, hyper-
kalemia, rash, interstitial nephritis, aseptic meningitis, and
pancreatitis [1]. Post-transplant management therefore be-
comes a balancing act between preventing PcP on the one
hand and managing the adverse effects of TMP-SMX on the
other.
All other PcP prophylactic agents are considered sec-

ond choice to TMP-SMX because of their relatively
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unfavorable breadth of coverage, tolerability, cost, and effi-
cacy [1]. Even with all of its known adverse effects,
TMP-SMX will remain a mainstay of PcP prevention for
the foreseeable future. Despite consensus about the role of
TMP-SMX in routine post-transplant care, there remains
a remarkable vagueness about how TMP-SMX should
best be used for PcP prophylaxis. The current recommen-
dation for TMP-SMX use ranges from single strength (80
mg TMP/400mg SMX) to double strength (160mg TMP/
800mg SMP) orally, either daily or three times weekly, for
at least 6 to 12months [1], with little evidence available to
clinicians to prefer one dosing regimen over another. The
5th European Conference on Infections in Leukemia
(ECIL-5) guidelines suggest that TMP-SMX given two or
three times weekly is the drug of choice for PcP primary
prophylaxis in stem cell transplant recipients [4]. As a re-
sult, kidney transplant programs are free to choose their
own TMP-SMX-containing PcP prophylactic regimens
within these wide boundaries. The choice of prophylactic
regimen is not trivial. Prescribing the best tolerated and
efficacious regimen using TMP-SMX through a narrower
recommendation about TMP-SMX use will benefit trans-
plant recipients and programs both by optimizing moni-
toring protocols and reducing intervention efforts related
to drug toxicity, and at the same time prevent PcP.
There are no prospective randomized controlled trials

(RCT) related to optimizing TMP-SMX use in KTR. As
one step toward designing a clinical trial to determine
the ideal TMP-SMX dose and duration for PcP prophy-
laxis, we retrospectively examined the efficacy and safety
of daily single strength TMP-SMX prescribed as PcP
prophylaxis for twelve months post-kidney transplant-
ation. Our hypothesis was that thrice weekly single
strength TMP-SMX is at least as effective as daily
TMP-SMX for PcP prophylaxis in KTR.

Methods
St. Michael’s Hospital (SMH) in Toronto, Canada is a
university-affiliated tertiary care medical-surgical centre
that currently performs 120–150 adult single-organ kid-
ney transplant procedures annually and provides
long-term follow-up to approximately 1700 KTR. We per-
formed a retrospective review of the electronic records of
all patients transplanted at SMH between January 1, 2011
and June 30, 2015, who were prescribed daily single
strength TMP-SMX during their initial hospital admission
with the intent to continue TMP-SMX for twelve months
post-transplantation as PcP prophylaxis. If TMP-SMX
dose reduction is deemed necessary, the frequency of
TMP-SMX administration is typically reduced to thrice
weekly, and then stopped entirely if further reduction is
deemed necessary. Since 2009 all KTR receive two induc-
tion doses of perioperative basiliximab, once-daily tacroli-
mus (Advagraf®), mycophenolate mofetil or mycophenolic

acid, and prednisone as part of their initial immunosup-
pressive medication regimen. Anti-thymocyte globulin is
used sparingly, even in recipients deemed to be at high
immunological risk. Post-transplant laboratory monitoring
in the first post-transplant year is performed twice weekly
for the first three months, weekly for the next three
months, and then once every two weeks to the end of 9
months and monthly thereafter.
Patients were excluded from this analysis if they re-

ceived a multi-organ transplant, were transplanted at an-
other centre, or were initially prescribed a different
strength of TMP-SMX or another drug for PcP prophy-
laxis. Patient demographics as well as the occurrence of
post-transplant events such as delayed graft function
(defined as the need for dialysis in the first
post-transplant week), acute rejection (based on Banff
criteria), cytomegalovirus IgG antibodies and new-onset
diabetes, were collected by chart review. The dose and
duration of TMP-SMX prophylaxis, other medications
prescribed during the first year, adverse effects attributed
to TMP-SMX as documented by the clinician, number
of dose reductions of TMP-SMX and the corresponding
reasons including adverse effects attributed to
TMP-SMX, and PcP events were captured from the elec-
tronic medical record. All data were verified by at least
two investigators.
The primary outcome was the incidence of PcP per

100 patient-months during periods of daily TMP-SMX
or reduced-dose TMP-SMX. Secondary outcomes in-
cluded adverse effects attributable to TMP-SMX that ne-
cessitated dose reduction including hyperkalemia,
defined as serum potassium ≥5.5 mmol/L; total
leukopenia, defined as total WBC ≤ 3000/cu mm; abso-
lute neutropenia, defined as neutrophil count ≤500/cu
mm; thrombocytopenia, defined as platelet count
≤100,000/cu mm; anemia, defined as hemoglobin ≤100
g/L. and hepatitis, defined as alkaline phosphatase ≥125
IU/mL, alanine aminotransferase ≥45 IU/mL, and/or as-
partate aminotransferase ≥40 IU/mL. The number and
timing of dose reductions or alterations in TMP-SMX
over the first year post-transplant were recorded. Since
the dose per se of TMP-SMX was always single strength,
dose reduction was equivalent functionally to a reduc-
tion in dose frequency. All patterns of dose reduction
(such as gradual reduction or complete discontinuation)
were combined into a single outcome variable.
Comparisons were made by chi-square or Fisher exact

testing for categorical variables and by paired or unpaired
student t-test or analysis of variance for continuous vari-
ables as appropriate, followed by multivariate logistic re-
gression analysis. Since patients may have been switched
back-and-forth between the full-dose and reduced-dose
regimes during the first year post-transplant, patients con-
tributed follow-up time to both groups. A p-value< 0.05
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was considered significant for all comparisons. SAS ver-
sion 9.2 (Cary, NC, USA) was the statistical software used
for all analyses. The study was approved by the Research
Ethics Board at St. Michael’s Hospital, Toronto, protocol
number REB 16–210.

Results
There were 438 KTR who met entry criteria for the
study, after the exclusion of 33 patients receiving either
dapsone or atovaquone at any time in the first 12
months post-transplantation. Of 438 KTR, 233 (53%)
maintained a full dose of TMP-SMX for 12months and
205 (47%) sustained at least one dose reduction of
TMP-SMX over the 12-month follow-up period (Fig. 1).
A comparison of demographic and post-transplant char-
acteristics between these two groups of patients is pro-
vided in Table 1. There were only 12 patients whose
TMP-SMX dose was reduced to less than thrice weekly,
precluding a separate analysis of that group (Fig. 1). Out
of 438 patients, 112 were receiving a reduced dose of
TMP-SMX at 3 months, 105 at 6 months, 88 at 9
months, and 80 at 12 months. Therefore, while the over-
all incidence of TMP-SMX dose reduction was 47%, at
any given time the prevalence of a reduced dose was
18–25%. The median duration for full dose TMP-SMX
was 8.45 months and the median duration for reduced
dose TMP-SMX was 5.07 months. The risk factors
associated with TMP-SMX dose reduction were receipt
of a deceased donor organ, history of hemodialysis prior
to transplantation, and acute rejection (Table 1). Allo-
graft function was reduced in the reduced dose group at
3 months (serum creatinine 124 ± 45 v 113 ± 36 μmol/L,
p = 0.009) and 6months (serum creatinine 122 ± 45 v

110 ± 33 μmol/L, p = 0.05) but this difference had re-
solved at 12 months (serum creatinine 129 ± 89 v 119 ±
14 μmol/L, p = 0.40). There were no cases of PcP in ei-
ther group and there were no patient hospitalizations or
deaths directly attributed to TMP-SMX-related adverse
effects. There were also no documented cases of infec-
tion with Nocardia, Listeria, or Toxoplasma in either
group.
There were a total of 4137 patient-months of follow-up

with a full dose across both the full dose and reduced
groups, of which 3257 patient-months occurred prior to
any dose reduction and 879months after the reversal of
any dose reduction. Similarly, there were 1110
patient-months of follow-up with a reduced dose. The dose
reduction followed several patterns, as illustrated in Fig. 1.
The median time-to-dose reduction based on indication
was 16 days for thrombocytopenia, 136 days for leukopenia,
173 days for hyperkalemia, 228 days for anemia, and 322
days for hepatitis, despite the temporal prevalence of these
conditions at varying times throughout the 12month
period for the two TMP-SMX doses. An estimated glom-
erular filtration rate (eGFR) < 30ml/min/1.73m2 was
present in 45 patients overall.
There were 84 documented dose reductions for

hyperkalemia, corresponding to an overall risk for
dose reduction of 0.39/100 patient-months. Risk for dose
reduction was highest in the first 3months post-transplant-
ation at 0.54/100 patient-months. Twelve patients required a
further TMP-SMX dose reduction due to persistent hyperka-
lemia. A living donor transplant was protective against
hyperkalemia in multivariate analysis (Odds Ratio 0.46, 95%
CI 0.26–0.83, p= 0.01); all other conventional risk factors for
hyperkalemia were insignificant. However, there was a

Fig. 1 Patterns of trimethoprim-sulfamethoxazole (TMP-SMX) dose reduction in kidney transplant recipients (N = 438). “Full dose” refers to daily
single strength TMP-SMX while “reduced dose” refers to any dosing less than once daily. 1 = daily, 2 = thrice weekly, 3 = twice weekly or none
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strong interaction between hyperkalemia and
leukopenia. Patients with leukopenia were more likely
to develop hyperkalemia as well (Odds Ratio 5.14,
95% CI 1.67–15.78, p = 0.004).
There were 102 documented dose reductions for

leukopenia, corresponding to an overall risk for dose reduc-
tion of 2.32/100 patient-months. The risk for dose reduc-
tion was again highest in the first 3months, at 4.05/100
patient-months. Seven patients required a further
TMP-SMX dose reduction due to persistent leukopenia.
Only acute rejection was independently associated with
leukopenia (Odds Ratio 3.31, 95% CI 1.39–7.90, p = 0.006).

Table 1 Comparison of demographic and post-transplant
characteristics between patients maintaining a full dose and
patients with at least one dose reduction in trimethoprim-
sulfamethoxazole in the first 12 months post-kidney
transplantation

Parameter Full Dose
Group (N = 233)

Reduced Dose
Group (N = 205)

P value

Age at transplantation
(years) (mean ± SD,
range)

52.5 ± 13
(19–81)

54.1 ± 12
(24–76)

0.22

Sex (N, %) 0.42

Male 144 (62) 119 (58)

Female 89 (38) 86 (42)

Donor Source (N, %) 0.002

Deceased 142 (61) 154 (75)

Live 91 (39) 51 (25)

Number of transplants 0.4

One 224 (97) 194 (96)

Two 7 (3) 9 (4)

Cause of end-stage kidney disease (N, %)

Diabetes 41 (18) 44 (22) 0.30

Hypertension 25 (11) 19 (9) 0.61

Glomerulonephritis 94 (40) 78 (38) 0.62

Polycystic kidney
disease

23 (10) 28 (14) 0.21

Congenital kidney
disease

10 (4) 7 (3) 0.63

Others 40 (17) 29 (14) 0.28

Ethnicity

Caucasian 94 (40) 70 (34) 0.13

Black 16 (7) 21 (10) 0.20

East Asian 32 (14) 20 (10) 0.19

South Asian 47 (20) 53 (26) 0.15

Other 43 (19) 41 (20) 0.71

Pre-transplant dialysis
modality (N, %)

0.015

Hemodialysis 122 (53) 131 (64)

Peritoneal dialysis 69 (30) 54 (27)

Preemptive 36 (17) 18 (9)

Dialysis duration (days)
(mean ± SD)

1790 ± 1315 2052 ± 1427 0.06

Cytomegalovirus IgG
antibody N (%)

174 (75) 167 (81) 0.18

Epstein Barr virus IgG
antibody N (%)

211 (91) 189 (93) 0.70

Hepatitis B surface
antigen N (%)

4 (2) 3 (1) 0.29

Hepatitis C antibody
N (%)

4 (2) 2 (1) 0.41

HIV antibody N (%) 2 (1) 4 (2) 0.29

Tuberculin skin test 31 (13) 11 (5) 0.33

Table 1 Comparison of demographic and post-transplant
characteristics between patients maintaining a full dose and
patients with at least one dose reduction in trimethoprim-
sulfamethoxazole in the first 12 months post-kidney
transplantation (Continued)

Parameter Full Dose
Group (N = 233)

Reduced Dose
Group (N = 205)

P value

positive N (%)

Cumulative Panel
Reactive Antibody
(%)(mean ± SD, range)

7.5 ± 20 (0–99) 13.5 ± 28
(0–100)

0.02

History of smoking
(N, %)

94 (42) 56 (28) 0.003

Delayed graft function
N (%)

38 (16) 41 (20) 0.31

Acute rejection N (%) 7 (3) 18 (9) 0.009

Post-transplant
diabetes (N, %)

19 (8) 16 (8) 0.81

Graft loss N (%) 2 (1) 0 (0) 0.28

Immunosuppressive medication at discharge (N, %)

Tacrolimus 215 (93) 189 (93) 0.99

Cyclosporine 11 (5) 14 (7) 0.34

Mycophenolate mofetil 104 (45) 80 (39) 0.23

or mycophenolic acid 103 (45) 95 (44) 0.64

Azathioprine 11 (5) 4 (2) 0.09

Prednisone 219 (95) 196 (97) 0.37

Other medication (N, %)

Angiotensin-converting
enzyme inhibitor

12 (5) 9 (4) 0.71

Angiotensin II receptor
blocker

19 (8) 24 (12) 0.21

Non-dihydropyridine
calcium channel blocker

21 (9) 13 (6) 0.28

Dihydropyridine calcium
channel blocker

100 (43) 100 (49) 0.21

Beta blocker 87 (37) 90 (44) 0.15

Alpha blocker 23 (10) 19 (9) 0.83

Loop diuretic 10 (4) 12 (6) 0.29

Thiazide diuretic 4 (2) 4 (2) 0.56

Abbreviations: IgG immunoglobulin G, SD standard deviation
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Modifying age (e.g. to greater than 50 years) did not affect
the multivariate result analysis.
Other reasons for TMP-SMX dose reduction included

thrombocytopenia and/or anemia in 5 patients and
hepatitis in 7 patients. These smaller numbers of these
events were not analyzed further. There were no docu-
mented cases of TMP-SMX dose reduction or discon-
tinuation due to skin rash or allergic interstitial
nephritis.

Discussion
In this retrospective single-centre cohort analysis of con-
temporary KTR, both the daily and reduced-frequency
administration of single strength TMP-SMX effectively
prevented PcP in the first post-transplant year. However,
a protocol of initiating daily single strength TMP-SMX
associates with significant adverse effects. Almost
one-half of KTR required a TMP-SMX dose reduction,
mostly due to hyperkalemia and leukopenia. The only
discernible risk factor for hyperkalemia was donor
source while that for leukopenia was acute rejection;
those at risk for one were more likely to be at risk for
the other. Such KTR were at additional risk for requiring
further dose reductions, but fortunately there was no
hospitalization or mortality directly attributable to
TMP-SMX. Nonetheless, the efforts required to monitor
for TMP-SMX-related adverse effects to prevent such
serious outcomes mandates efforts toward evaluating
TMP-SMX prophylactic regimens in KTR with less dose
exposure than once daily single strength TMP-SMX,
while still effectively preventing PcP.
Pneumocystis infection was first described in the lungs

of rats in 1909 and in humans in 1942 [5]. The risk of
infection is highest between two and six months
post-transplant, reaching 14% without prophylaxis [4].
Exposure to the organism is ubiquitous [6]. PcP can
occur through both reactivation and acquisition of a
new strain by person-to-person transmission, and infec-
tion by more than one strain is possible [6]. Immuno-
deficiency or immunosuppression is a prerequisite to
infection, However, unlike in HIV-infected patients, in
transplant recipients an acute respiratory illness is much
more common [7]. TMP-SMX was introduced in 1968
[8]. TMP-SMX reduces the risk for non-HIV related PcP
by over 90% [9]. A large randomized trial in over 2500
HIV-infected patients demonstrated that TMP-SMX
effectively prevents PcP when administered as a
double-strength tablet daily or thrice weekly [10].
TMP-SMX was discontinued in up to 20% in the daily and
10% of the thrice weekly groups, after which PcP occurred
in many instances. These data cannot readily be extrapo-
lated to transplant recipients [11], although a systematic
review indicates safety and efficacy of daily single-strength
TMP-SMX and alternate-day double-strength TMP-SMX

[12]. There are no similar clinical trial data involving
alternate-day or thrice weekly single-strength TMP-SMX
in both immunocompromised and immunosuppressed
populations. In the present study TMP-SMX dosing was
typically first reduced in almost 50% of patients, and then
discontinued only as a last resort in a small minority.
Since no PcP occurred, a clinical trial of daily versus thrice
weekly single-strength TMP-SMX at preventing PcP in
KTR while avoiding drug dosing changes due to adverse
effects seems justified due to the very high dose reduction
rates associated with daily single-strength TMP-SMX.
Such a trial would be difficult to power for PcP events
since they are uncommon, but could be powered to detect
clinically important reductions in specific adverse effects.
TMP causes hyperkalemia by blocking apical mem-

brane sodium channels in the mammalian distal neph-
ron to reduce transepithelial voltage and potassium
secretion [13]. Although hyperkalemia is reversible, it
may be life-threatening [14]. Risk factors include older
age, diabetes, renal insufficiency, and drugs such as
angiotensin-converting enzyme inhibitors (ACE-I) and
angiotensin receptor blockers ARB), among others [8].
Renal insufficiency and ACE-I or ARB use together may
cause hyperkalemia even with TMP-SMX doses lower
than single-strength daily [15]. Conversely, beta-blockers
do not seem to confer added risk [16]. Tacrolimus also
leads to hyperkalemia in KTR [17]. In the present study
neither ACE-I/ARB use nor beta blocker use was associ-
ated with a dose reduction in TMP-SMX for hyperkale-
mia, perhaps because these drugs are stopped as a first
measure prior to TMP-SMX dose reduction. Similarly,
the significance of concomitant leukopenia may indicate
that patients requiring TMP-SMX dose reduction are es-
pecially susceptible to developing multiple drug-related
adverse effects.
TMP-SMX also associates with leukopenia that can be

prolonged [18]. Leukopenia is typically neutropenia, either
through impaired granulopoiesis from tetrahydrofolate
synthesis inhibition or though peripheral destruction as
part of an idiosyncratic reaction [19]. Lymphocyte counts
are typically preserved even when patients are leukopenic.
Incident hematologic adverse effects from TMP-SMX, as
a whole, rank second to hypersensitivity reactions in the
HIV population [10]. In the present study, dose reduction
for leukopenia was very common, unlike hypersensitivity
reactions that were rarely documented. Risk factors for
TMP-SMX associated leukopenia may include concomi-
tant mycophenolate or azathioprine therapy, although this
may be confounded by corticosteroid therapy, and viral
infections.
Due to the retrospective nature of the study and the

fact that all patients were initially started on daily
TMP-SMX, however, we cannot exclude the possibility
that the beneficial effects of preventing PcP by daily oral
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TMP-SMX administration persisted for a length of time
after conversion to a reduced frequency regime. This
study provides justification for proceeding with a ran-
domized trial in de-novo KTR to evaluate daily versus
reduced frequency oral single-strength TMP-SMX to
prevent PcP in the first year after kidney transplantation,
after consideration of immunological risk and the conse-
quent need for enhanced immunosuppression, as well as
the possibility of a hybrid strategy requiring different
dosing regimens in the early and late part of the first
post-transplant year. The present study is also limited by
the lack of information about drug non-adherence re-
lated to TMP-SMX, or other possible benefits of
TMP-SMX prophylaxis including the occurrence of bac-
terial urinary tract infections. Pneumocystis colonization
can also be a challenging problem in transplant recipi-
ents despite the use of TMP-SMX prophylaxis, but we
were unable to ascertain potentially valuable information
concerning asymptomatic infection in this population.
Based on the current study, however, reduced
TMP-SMX dosing may be efficient enough to prevent
PcP after solid organ transplantation. There were also
very few patients whose TMP-SMX dose was reduced to
less than thrice weekly to allow for an efficacy compari-
son to a twice weekly or full dose TMP-SMX regimen.
Dose reductions of TMP-SMX require a considerable

amount of staff time, leading to increased overall costs
for transplant programs, and the adverse effects that ne-
cessitated dose reduction in the first place will entail po-
tentially increased patient morbidity and mortality
unless they are promptly addressed. Starting with a re-
duced dose of TMP-SMX, such as single-strength
TMP-SMX thrice weekly, carries advantages to both cli-
nicians and patients provided PcP can be prevented at
the same time. The transplant community has estab-
lished with reasonable certainty that daily
double-strength TMP-SMX is not necessary; what still
requires further investigation is whether even daily
single-strength TMP-SMX is needed. If thrice weekly
single-strength TMP-SMX for a year is proven sufficient
for preventing PcP, then extending such therapy beyond
the first year post-transplant, when patients are seen less
frequently, can be tested as a strategy to minimize the
occurrence of late-onset PcP as well.

Conclusions
In conclusion, TMP-SMX dose reduction is frequent in
the first post-transplant year, but PcP does not occur
after dose reduction at least during the rest of the first
post-transplant year. To confirm that we can limit the
need for such frequent TMP-SMX dose reduction result-
ing from adverse effects, a clinical trial in KTR compar-
ing daily single strength to thrice weekly single strength
TMP-SMX in de-novo KTR is justified.

Abbreviations
ACE-I: Angiotensin converting-enzyme inhibitor; ARB: Angiotensin II receptor
blocker; CI: Confidence interval; eGFR: estimated glomerular filtration rate;
IgG: Immunoglobulin G; KTR: Kidney transplant recipients; PcP: Pneumocystis
jirovecii pneumonia; SD: Standard deviation; SMH: St. Michael’s Hospital; TMP-
SMX: Trimethoprim-sulfamethoxazole

Acknowledgements
Not applicable.

Funding
The study was funded by the Kidney Transplant Program, St. Michael’s
Hospital. The funding body had no role in the design of the study and
collection, analysis, and interpretation of data or writing the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
GVRP conceived the study protocol and design and was responsible for data
collection, analysis, writing, and revising the manuscript. JB was responsible
for data collection, writing, and revising the manuscript. MM was responsible
for data collection and revising the manuscript. MG was responsible for data
collection and revising the manuscript. MMN was responsible for ethics
approval, data collection and revising the manuscript. LR was responsible for
ethics approval, data collection and revising the manuscript. MH performed
the statistical analysis. JZ reviewed the study protocol and design and
revised the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
The study was approved by the Research Ethics Board at St. Michael’s
Hospital, Toronto, protocol number REB 16–210. Consent to participate was
not required due to the population-based nature of the study, as approved
by the Research Ethics Board at St. Michael’s Hospital, Toronto. Administrative
permission to access the raw data was provided by the Kidney Transplant
Program, St. Michael’s Hospital, Toronto.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Kidney Transplant Program, St. Michael’s Hospital, University of Toronto, 61
Queen Street East, 9th Floor, Toronto, ON M5C 2T2, Canada. 2Department of
Medicine, University of Toronto, Toronto, ON, Canada.

Received: 11 September 2018 Accepted: 29 March 2019

References
1. Martin SI, Fishman JA and The AST infectious diseases Community of

Practice. Pneumocystis pneumonia in solid organ transplantation. Am J
Transplant 2013; 13: 272–279.

2. Iriart X, Challan Belval T, Fillaux J, Esposito L, Lavergne RA, Cardeau-
Desangles I, et al. Risk factors of Pneumocystis pneumonia in solid organ
recipients in the era of the common use of posttransplantation prophylaxis.
Am J Transplant. 2015;15:190–9.

3. Goto N, Oka S. Pneumocystis jirovecii pneumonia in kidney transplantation.
Transpl Infect Dis. 2011;13:551–8.

4. Maertens J, Cesaro S, Maschmeyer G, Einsele H, Donnelly JP, Alanio A, et al.
ECIL guidelines for preventing Pneumocystis jiroveci pneumonia in patients
with haematological malignancies and stem cell transplant recipients. J
Antimicrob Chemother. 2016;71:2397–404.

Prasad et al. BMC Infectious Diseases          (2019) 19:311 Page 6 of 7



5. Rodriguez M, Fishman JA. Prevention of infection due to Pneumocystis spp.
in human immunodeficiency virus-negative immunocompromised patients.
Clin Microbiol Rev. 2004;17:770–82.

6. Kovacs JA, Masur H. Evolving health effects of Pneumocystis. One hundred
years of progress in diagnosis and treatment. JAMA. 2009;301:2578–85.

7. Kovacs JA, Hiemenz JW, Macher AM, et al. Pneumocystis carinii pneumonia:
a comparison between patients with the acquired immunodeficiency
syndrome and patients with other immunodeficiencies. Ann Intern Med.
1984;100:663–71.

8. Ho JM, Juurlink DN. Considerations when prescribing trimethoprim-
sulfamethoxazole. CMAJ. 2011;183:1851–8.

9. Green H, Paul M, Vidal L, Leibovici L. Prophylaxis of Pnumocystis pneumonia in
immunocompromised non-HIV infected patients: systematic review and meta-
analysis of randomized controlled trials. Mayo Clin Proc. 2007;82:1052–9.

10. El-Sadr WM, Luskin-Hawk R, Yurik TM, et al. Terry Beirn community programs
for clinical research on AIDS (CPCRA). A randomized trial of daily and thrice-
weekly trimethoprim-sulfamethoxazole for the prevention of Pneumocuystis
cariniii pneumonia in human immunodeficiency virus-infected persons. Clin
Infect Dis. 1999;29:775–83.

11. Gaut P, Daar ES. Editorial response: prophylaxis for Pneumocystis carinii
pneumonia--an evolving tale of two populations. Clin Infect Dis. 1999;29:
784–6.

12. Di Cocco P, Orlando G, Bonanni L, D’Angelo M, Clemente K, Greco S,
Gravante G, Madeddu F, Scelzo C, Famulari A, Pisani F. A systematic review
of two different trimethoprim-sulfamethoxazole regimens used to prevent
Pneumocystis jiroveci and no prophylaxis at all in transplant recipeints:
appraising the evidence. Transplant Proc. 2009;41:1201–3.

13. Velazquez H, Perazella MA, Wright FS, Ellison DH. Renal mechanism of
trimethoprim-induced hyperkalemia. Ann Intern Med. 1993;119:296–301.

14. Greenberg S, Reiser IW, Chou SY, Porush JG. Trimethoprim-sulfamethoxazole
induces reversible hyperkalemia. Ann Intern Med. 1993;119:291–5.

15. Higashioka K, Niiro H, Yoshida K, Oryoji K, Kamada K, Mizuki S, Yokota E.
Renal insufficiency in concert with renin-agiotensin-aldosterone inhibition is
a major risk factor for hyperkalemia associated with low-dose trimethoprim-
sulfamethoxazole in adults. Intern Med. 2016;55:467–71.

16. Weir MA, Juurlink DN, Gomes T, Mamdani M, Hackam DG, Jain AK, Garg AX.
Beta-blockers, trimethoprim-sulfamethoxazole, and the risk of hyperkalemia
requiring hospitalization in the elderly: a nested case-control study. Clin J
Am Soc Nephrol. 2010;5:1544–51.

17. Ben Salem C, Badreddine A, Fathallah N, Slim R, Hmouda H. Drug-induced
hyperkalemia. Drug Saf. 2014;37:677–92.

18. Lew MA, Kehoe K, Ritz J, Antman KH, Nadler L, Kalish LA, Finberg R.
Ciprofloxacin versus trimethoprim/sulfamethoxazole for prophylaxis of
bacterial infections in bone marrow transplant recipients: a randomized,
controlled trial. J Clin Oncol. 1995;13:239–50.

19. Heimpel H, Raghavachar A. Hematological side effects of co-trimoxazole.
Infection. 1987;15(Suppl 5):S248–53.

Prasad et al. BMC Infectious Diseases          (2019) 19:311 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

