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ABSTRACT

Introduction and objectives: To assess the potential association between recipient Toxoplasma gondii
serostatus and outcomes after heart transplant (HT).
Methods: We conducted a retrospective single-center study of 657 HT recipients from 1991 to 2015.
Survival and the incidence of adverse clinical events of T. gondii-seropositive (n = 481) vs T. gondiiseronegative (n = 176) recipients were compared by means of 2 different multivariable Cox regression
models. Model 1 included solely age and sex, and model 2 included other potential confounders.
Results: Over a median follow-up of 2903 days (interquartile range: 898-4757), 250 seropositive
recipients (52%) and 72 seronegative recipients (41%) died. Univariable analysis showed increased
posttransplant mortality among T. gondii-seropositive recipients (hazard ratio [HR] = 1.31; 95%
conﬁdence interval [95%CI], 1,00-1.70). After multivariable adjustment, the statistical signiﬁcance of this
association was lost (model 1: HR = 1.09; 95%CI, 0.83-1.43; model 2:HR = 1.12; 95%CI, 0.85-1.47).
Recipient T. gondii seropositivity was independently associated with an increased risk of acute rejection
(model 1: HR = 1.36; 95%CI, 1.06-1.74; model 2: HR = 1.29; 95%CI, 1.01-1.66). Multivariable models
showed no statistically signiﬁcant impact of recipient T. gondii serostatus on the incidence of infection,
malignancy, coronary allograft vasculopathy, or the composite outcome of cardiac death or retransplant.
No signiﬁcant association was found between donor-recipient T. gondii serostatus matching and
posttransplant outcome.
Conclusions: In this study, recipient T. gondii serostatus was not an independent predictor of long-term
post-HT outcome.
ß 2016 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

Estado serológico frente a Toxoplasma gondii en receptores de trasplante
cardiaco: un factor pronóstico independiente?
?

RESUMEN

Palabras clave:
Trasplante cardiaco
Toxoplasma gondii
Pronóstico
Supervivencia

Introducción y objetivos: Analizar la inﬂuencia pronóstica del estado serológico frente a Toxoplasma gondii
en receptores de trasplante cardiaco (TC).
Métodos: Se realizó un estudio retrospectivo unicéntrico con 657 receptores de TC entre 1991 y 2015.
Mediante dos modelos multivariantes de Cox se comparó la supervivencia y la incidencia de episodios
clı́nicos adversos de los receptores seropositivos (n = 481) y los receptores seronegativos (n = 176) frente
a T. gondii. El modelo 1 incluyó edad y sexo, y el modelo 2 incluyó otros factores de confusión potenciales.
Resultados: Con una media de seguimiento de 2.903 dı́as (rango intercuartı́lico: 898-4.757), fallecieron
250 pacientes seropositivos (52%) y 72 receptores seronegativos (41%) frente a T. gondii. Los pacientes
seropositivos presentaron mayor mortalidad no ajustada tras el TC (hazard ratio [HR] = 1,31; intervalo de
conﬁanza del 95% [IC95%], 1,00-1,70). Tras el ajuste multivariante, este efecto perdió su signiﬁcación
estadı́stica (modelo 1: HR = 1,09; IC95%, 0,83-1,43; modelo 2: HR = 1,12; IC95%, 0,85-1,47).

* Corresponding author: Unidad de Insuﬁciencia Cardiaca Avanzada y Trasplante Cardiaco, Servicio de Cardiologı́a, Complejo Hospitalario Universitario A Coruña, As Xubias 84,
15006 A Coruña, Spain.
E-mail address: eduardo.barge.caballero@sergas.es (E. Barge-Caballero).
http://dx.doi.org/10.1016/j.rec.2016.04.059
1885-5857/ß 2016 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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La seropositividad frente a T. gondii del receptor se asoció de modo independiente con mayor riesgo de
rechazo agudo (modelo 1: HR = 1,36; IC95%, 1,06-1,74; modelo 2: HR = 1,29; IC95%, 1,01-1,66). Los
modelos multivariantes no pusieron de maniﬁesto una inﬂuencia signiﬁcativa del estado serológico
frente a T. gondii del receptor sobre la incidencia de infección, neoplasias, enfermedad vascular del
injerto o el desenlace combinado muerte cardiaca o retrasplante. Tampoco se observó una inﬂuencia
pronóstica signiﬁcativa de la concordancia donante-receptor respecto al estado serológico frente a
T. gondii.
Conclusiones: El presente estudio no ha puesto de maniﬁesto un efecto pronóstico independiente del
estado serológico frente a T. gondii en los receptores de TC.
ß 2016 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Abbreviations
HR: hazard ratio
HT: heart transplant

The baseline characteristics and post-HT outcome of seropositive recipients were compared with those of T. gondii-seronegative
patients. The study protocol was approved by the Autonomous
Clinic Research Ethics Committee of Galicia.
Clinical Protocol

INTRODUCTION
Heart transplant (HT) improves survival and quality of
life in patients with refractory heart failure and no absolute
contraindications.1 To optimize the screening process, it is
important to understand the factors that increase the risk of
mortality after HT.
The question of whether or not preoperative Toxoplasma gondii
serostatus is an independent prognostic factor in HT recipients
continues to be a topic of debate.2 Some years ago, an early
observational single-center study3 showed a signiﬁcant drop in
post-HT survival in T. gondii-seropositive recipients compared with
seronegative recipients; this effect seemed to be attributable to a
higher incidence of graft vascular disease and a higher risk of death
due to this complication. However, 2 subsequent single-center
studies4,5 were unable to conﬁrm the previous ﬁnding.3 None of
the 3 studies published to date has found a signiﬁcant inﬂuence of
donor T. gondii serostatus or of donor-recipient serostatus
matching on post-HT prognosis.3–5
Because the controversy persists, the aim of this study was to
evaluate the potential impact of T. gondii serostatus of HT
recipients on long-term prognosis after this surgery.

All patients were treated and monitored in accordance with
the hospital protocol. During the postoperative period, induction
therapy consisted of muromonab-CD3 or basiliximab. The
maintenance immunosuppressive regimen consisted of different
combinations of steroids, calcineurin inhibitors (cyclosporin or
tacrolimus), antiproliferative agents (azathioprine or mycophenolate mofetil), and/or mTOR inhibitors (sirolimus or everolimus).
Regular endomyocardial biopsies were performed during the
ﬁrst year after HT and afterwards only if there was clinical
suspicion of acute rejection. Stable patients attended clinic visits,
which included an electrocardiogram and echocardiogram every
3 to 6 months after the ﬁrst year post-HT. Coronary angiographies
were performed for routine screening of graft vascular disease in
patients with clinical suspicion (and also in asymptomatic
patients as of 2003) at 1 month, 1 year, 5 years, and 10 years
post-HT.
At the hospital, all T. gondii-seronegative recipients who receive
a cardiac graft from a seropositive donor or with unknown
serostatus are treated with oral pyrimethamine (25 mg daily) and
folinic acid (15 mg daily) solution for the ﬁrst 6 months post-HT.
Additionally, all HT recipients receive Pneumocystis jiroveci
chemoprophylaxis with oral sulfamethoxazole-trimethoprim
(800/160 mg daily) for at least the ﬁrst 12 months post-HT.

METHODS
Outcomes
Study Description
An observational retrospective study was conducted with
a historical cohort of HT recipients in the Complejo Hospitalario
Universitario A Coruña from the start of the program in
April 1991 until February 2015. The information for the study
was obtained from a local database. For the analysis, patients
were only selected if their pre-HT T. gondii serostatus was
known.
At the hospital, the T. gondii serostatus is currently tested by
immunoassay (Elecsys Toxo IgG, Roche Diagnostics) and the result
is considered positive if the T. gondii immunoglobulin G (IgG)
concentration is > 3 IU/mL. In the past, other commercial
immunoassay kits were used to detect speciﬁc IgGs with lower
sensitivity. The IgG avidity assays are not available at the hospital
at present.

Study patients were followed up from the time of HT until
death or a new HT; otherwise, follow-up was closed on 30 April
2015. The main study outcome was total post-HT mortality. Other
outcomes analyzed were combined cardiac death or cardiac
retransplant, acute rejection, graft vascular disease, infection, and
neoplasms.
The causes of death were collected from autopsy reports or
medical death certiﬁcates. Cardiac death was deﬁned as any death
caused by heart failure, myocardial ischemia, or arrhythmia,
including those caused by primary graft dysfunction, acute
rejection, or graft vascular disease, as well as any unexplained
sudden deaths. The outcome of neoplasm included any solid,
cutaneous, or lymphoid malignant neoplasms. The outcome of
infection was deﬁned as any microbiologically proven or suspected
infection requiring hospitalization and/or intravenous antibiotic
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therapy. The outcome of acute rejection was deﬁned as any episode
of acute cellular rejection of grade  2R,6 whether symptomatic
or not, or an episode of acute humoral rejection of pAMR
(antibody-mediated rejection) grade  1,7 accompanied by
clinical symptoms of heart failure and/or systolic dysfunction
of the graft, or any episode of acute rejection that was suspected
but not biopsy-proven that would have needed treatment with
intravenous steroid bolus, plasma exchange, intravenous immunoglobulins, or thymoglobulin. Graft vascular disease was deﬁned
as the presence of stenosis  50% of the luminal diameter of any
of the 3 main epicardial coronary vessels or their branches
visualized on coronary angiography or postmortem evidence
(only if considered to be the main cause of death according to the
autopsy ﬁndings).

Statistical Analysis
In this study, qualitative variables are expressed as
mean  standard deviation or median (interquartile range),
according to the normality of their distribution, and categorical
variables are expressed as proportions. The baseline characteristics of
T. gondii-seropositive and -seronegative patients were compared
using chi-square tests, the Student t test, or Mann-Whitney U test as
applicable.
The effect of recipient T. gondii serostatus on each outcome
analyzed was adjusted by 2 multivariable Cox regression models.
Model 1 included recipient age and sex as well as recipient T. gondii
serostatus. Model 2 included the same variables as model 1 along
with variables showing an independent statistical association with
the outcome analyzed (P < .05), as well as other variables with an
asymmetric distribution between the 2 study groups that were
considered potential confounding factors, based on clinical
experience and the literature. Model 2 was also used to investigate
a potential inﬂuence of donor T. gondii serostatus on mortality after
HT. Statistical signiﬁcance was set at P < .05. The statistical
analysis was performed with SPSS 20.

RESULTS

Table 1
Baseline Clinical Characteristics of the Study Patients
T. gondiiseronegative
recipients,
n = 176

T. gondiiseronegative
recipients,
n = 481

P

< .001

Age, y

48.1  16.4

56.1  18.9

Body mass index, kg/m2

25.2  4.2

26.0  4.1

.043

Female sex, %

21

16

.204

Ischemic heart disease, %

38

41

.451

History of smoking, %

48

52

.335

Diabetes mellitus, %

11

18

.018

Hypertension, %

36

46

.025

History of cardiac surgery (%)

20

25

.145

Cytomegalovirus-seropositive
recipient, %

69

89

.001

Deﬁbrillator, %

17

15

.515

Inotropic agents, %

28

20

.042

Intra-aortic balloon, %

21

14

.039

Ventricular assistance, %

3

1

.067

ECMO, %

1

1

.935

Dialysis, %

2

2

.971

Mechanical ventilation, %

17

11

.041

Creatinine, mg/dL

1.35  0.70

1.32  0.70

.443

Retransplant, %

1

2

.145

Multiorgan transplant, %

3

4

.748

Ischemia time, min

195.1  75.6

188.3  77.7

.319

Female donor, %

26

26

.956

Donor age, y

36.2  14.0

37.4  14.1

.345

T. gondii-seropositive
donor

31

33

.912

Cyclosporin use, %

65

76

.003

Tacrolimus use, %

26

17

.014

Mycophenolate mofetil use, %

54

58

.372

Azathioprine use, %

35

36

.861

Everolimus or sirolimus use, %

3

2

.170

ECMO, extracorporeal membrane oxygenation.
Data are expressed as percentage or mean  standard deviation.

Study Population
At the hospital, 703 patients underwent HT between April
1991 and February 2015. Recipient T. gondii serostatus before HT
was known in 657 (93%) patients and was positive in 481 (73%). A
total of 46 (7%) recipients with unknown T. gondii serostatus were
excluded from the analysis.
A comparison of the baseline clinical characteristics of the
recipients based on their T. gondii serostatus is shown in Table 1.
Seropositive patients were older and had a higher body mass index
and higher prevalence of diabetes and cytomegalovirus seropositivity, whereas the use of preoperative life support measures was
more common in seronegative patients. Furthermore, a higher
percentage of seronegative patients received initial therapy with
tacrolimus.

Total nonadjusted mortality was signiﬁcantly higher in
T. gondii-seropositive patients than in seronegative patients
(univariable hazard ratio [HR] = 1.31; 95% conﬁdence interval
[95%CI], 1.00-1.70). However, this effect lost its statistical
signiﬁcance after the multivariable adjustment. The HR of
total mortality, adjusted for recipient age and sex
(multivariable model 1), was 1.09 (95%CI, 0.83-1.43; Table 3).
No relevant changes were observed in this association when the
adjustment included other potential confounding factors
(multivariable model 2: HR = 1.12; 95%CI, 0.85-1.47; Table 3).
The multivariable Cox regression models used for total mortality
are shown in Table 4.

Posttransplant Survival
Other Clinical Outcomes
Patients were followed up for a mean of 2903 days (interquartile range, 898-4757) after HT. During this period, 322 (49%)
patients died and 9 (1%) received a second HT. Death was of cardiac
origin in 137 (41%) patients and was noncardiac in 185 (59%). The
distribution of the causes of death according to T. gondii serostatus
is shown in Table 2.

No statistically signiﬁcant differences were observed between
T. gondii-seropositive and -seronegative recipients in the cumulative incidence of the combined outcome of cardiac death or
retransplant, or in the univariable analysis (log rank P = .331;
HR = 1.21; 95%CI, 0.82-1.78), or in the multivariable models
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Table 2
Cause of Death in Toxoplasma gondii-seropositive and -seronegative Recipients

Cardiac death, %
Primary graft failure (early)

T. gondiiseronegative
recipients,
n = 72

T. gondiiseronegative
recipients,
n = 250

33 (46)

104 (42)

1163

Table 4
Survival Analysis in Heart Transplant Recipients: Multivariable Cox Regression
Models
Variant

HR

95%CI

P

Multivariable model 1
T. gondii-seropositive
recipient

1.09

0.83-1.43

13

23

Female sex

0.67

0.48-0.92

Acute rejection

5

12

Recipient age (for 1 y)

1.023

1.012-1.024

Graft vascular disease

8

29

Sudden death

7

33

0.85-1.47

0

7

T. gondii-seropositive
recipient

1.12

Nonspeciﬁc graft failure (late)

.516
.014
< .001

Multivariable model 2
.419

Recipient age (for 1 y)

1.023

1.010-1.036

< .001

Infection

6

47

Mofetil mycophenolate

0.52

0.40-0.67

< .001

Neoplasm

8

53

Creatinine, per 1 mg/dL

1.165

1.061-1.278

< .001

Vascular disease

8

9

Diabetes mellitus

1.92

1.43-2.58

< .001

Unspeciﬁed multiorgan failure

5

8

History of cardiac surgery

1.38

1.08-1.78

.012

12

29

Hypertension

0.46

0.36-0.58

< .001

Noncardiac cause, %

Other

39 (54)

146 (58)

(model 1: HR = 1.16; 95%CI, 0.77-1.73; model 2: HR = 1.13; 95%CI,
0.76-1.69; Table 3).
The univariable analysis revealed a statistically signiﬁcant
increase in the cumulative incidence of acute rejection in T. gondiiseropositive patients (log rank P = .007; HR = 1.39; 95%CI, 1.091.76), which was maintained in the multivariable analyses
(model 1: HR = 1.36; 95%CI, 1.06-1.74; model 2: HR = 1.29;
95%CI, 1.01-1.66).
The univariable analysis also showed an increase in the risk of
neoplasms in T. gondii-seropositive patients (log rank P = .003;
HR = 1.84; 95%CI, 1.23-2.76). However, this association was not
statistically signiﬁcant after the multivariable adjustment
(model 1: HR = 1.32; 95%CI, 0.88-1.99; model 2: HR = 1.31;
95%CI, 0.87-1.98).
No statistically signiﬁcant differences in T. gondii serostatus
were observed in the cumulative incidence of graft vascular

Female

0.69

0.49-0.98

.035

Intra-aortic balloon

0.52

0.29-0.96

.036

Inotropic agents

1.62

1.08-2.44

.020

Mechanical ventilation

1.03

0.58-1.85

.912

Cytomegalovirus-seropositive
recipient

0.88

0.63-1.22

.446

Tacrolimus

0.98

0.66-1.46

.933

Body mass index, per 1 kg/m2

1.011

0.979-1.043

.929

95%CI, 95% conﬁdence interval; HR, hazard ratio.

disease (log rank P = .920; univariable HR = 1.02; 95%CI, 0.69-1.52),
infections (log rank P = .808; univariable HR = 1.04; 95%CI, 0.781.37), the univariable analysis, or in the various multivariable
models.

Table 3
Summary of Study Outcomes
T. gondii-seronegative
recipients, n = 481

T. gondii-seronegative
recipients, n = 176

Any-cause death

250 (52.0)

72 (40.9)

Cardiac death or retransplant

112 (23.3)

34 (19.3)

Neoplasm

129 (26.8)

29 (16.5)

Infection

189 (39.3)

Acute rejection

Outcomes, no. (%)

Graft vascular disease

Univariable HR

Model 1 multivariable
HR

Model 2 multivariable
HR*

1.31 (1.00-1.70)

1.09 (0.83-1.43)

1.12 (0.85-1.47)

1.21 (0.82-1.78)

1.16 (0.77-1.73)

1.13 (0.76-1.69)

1.84 (1.23-2.76)

1.32 (0.88-1.99)

1.31 (0.87-1.98)

67 (38.1)

1.04 (0.78-1.37)

0.94 (0.71-1.26)

0.92 (0.68-1.24)

297 (61.7)

88 (50.0)

1.39 (1.09-1.76)

1.36 (1.06-1.74)

1.29 (1.01-1.66)

89 (18.5)

34 (19.3)

1.02 (0.69-1.52)

0.91 (0.60-1.38)

0.87 (0.57-1.32)

HR, hazard ratio.
The HR estimation assumes that T. gondii-seronegative patients are the reference category.
*
Covariables included in the models:
Any-cause death: recipient T. gondii serostatus, diabetes, hypertension, recipient sex, recipient age, history of cardiac surgery, creatinine, recipient cytomegalovirus
serostatus, body mass index, balloon pump, inotropic agents, mechanical ventilation, mycophenolate mofetil, and tacrolimus.
Cardiac death or retransplant: recipient T. gondii serostatus, diabetes, hypertension, recipient sex, recipient age, recipient cytomegalovirus serostatus, body mass index,
balloon pump, deﬁbrillator, inotropic agents, mechanical ventilation, mycophenolate mofetil, and tacrolimus.
Neoplasm: recipient T. gondii serostatus, recipient sex, recipient age, smoking, recipient cytomegalovirus serostatus, body mass index, and tacrolimus.
Infection: recipient T. gondii serostatus, diabetes, hypertension, recipient sex, recipient age, donor age, recipient cytomegalovirus serostatus, body mass index, balloon pump,
inotropic agents, mechanical ventilation, mycophenolate mofetil, and tacrolimus.
Acute rejection: recipient T. gondii serostatus, recipient sex, recipient age, smoking, multiorgan transplant, recipient cytomegalovirus serostatus, body mass index,
mycophenolate mofetil, and tacrolimus.
Graft vascular disease: recipient T. gondii serostatus, diabetes, hypertension, recipient sex, recipient age, donor age, recipient cytomegalovirus serostatus, body mass index,
and tacrolimus.
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Donor-recipient Matching of Toxoplasma gondii Serostatus
T. gondii serostatus of the heart donor was known in 441 (67%)
transplants and was positive in 323 (73%) of them. The
distribution of T. gondii donor and recipient serostatus is shown
in Table 1.
The use of seropositive donors in seronegative recipients
showed a tendency toward a better post-HT outcome than other
combinations. However, the univariable analysis did not reveal a
statistically signiﬁcant difference between the groups in total
mortality (P = .075 in the global comparison).
When the donor (–)/recipient (–) combination was taken as the
reference category, the multivariable HRs of total mortality postHT were 0.71 (95%CI, 0.39-1.30) for the donor (+)/recipient (–)
combination, 1.05 (95%CI, 0.67-1.63) for the donor (–)/recipient (+)
combination, and 1.22 (95%CI, 0.79-1.89) for the donor (+)/
recipient (+) combination.

DISCUSSION
In this single-center cohort of 657 HT recipients who were
followed up for a mean of more than 8 years after surgery,
T. gondii-seropositive patients showed moderately lower nonadjusted survival than seronegative patients. The association
was no longer statistically signiﬁcant after the multivariable
adjustment for demographic factors (age and sex); other
regression models that included a broader spectrum of covariables were also unable to show an independent effect of T. gondii
serostatus on post-HT survival. These results suggest that the
association between the 2 variables is strongly conditioned by a
confounding bias derived from signiﬁcant differences in the
baseline clinical characteristics of the groups compared. In this
series, T. gondii-seropositive patients had a higher mean age8
and a higher prevalence of adverse clinical conditions, such as
diabetes mellitus9 or cytomegalovirus seropositivity.10 In addition, the use of tacrolimus11 was more common among
seronegative patients.
Arora et al.3 were the ﬁrst to suggest the hypothesis that
T. gondii seropositivity could be an adverse prognostic factor in
HT recipients. In a series of 288 patients who received HT at a
single center between 1994 and 2005 and who were followed up
for a mean of 5.5 years, these authors described a statistically
signiﬁcant and independent association between T. gondii
seropositivity and a higher risk of late mortality (> 1 year)
after the surgery (multivariable HR = 1.9). This result was
attributed to the higher incidence of graft vascular disease
(multivariable HR = 2.7) and death due to this condition
(multivariable HR = 4.4). To explain their ﬁndings, the authors
propose a pathophysiologic hypothesis, not yet conﬁrmed,
according to which chronic T. gondii infection would contribute
to the development of graft vascular disease by stimulating
various immunologic responses.
Some authors12 questioned the analysis performed by
Arora et al.3 due to concerns about the statistical methodology
used to control for potential confounding biases. Two subsequent
single-center analyses4,5 were also unable to reproduce its results.
In contrast with the initial study, Doesch et al.5 described a series
of 344 patients who received HT between 1989 and 2008 and who
were followed up for a mean of 5.7 years; in these patients,
survival was higher among T. gondii-seropositive individuals.

In another single-center cohort of 582 patients who received a
transplant between 1984 and 2011 and who were followed up for
a mean of 8.3 years, Van Hellemond et al.4 observed an increased
unadjusted mortality in T. gondii-seropositive recipients. However, similar to the ﬁndings observed in these analyses, this
association lost its statistical signiﬁcance after the multivariable
adjustment. As in this series, seropositive patients in the cohort
studied by Van Hellemond et al.4 were older on average and had a
higher prevalence of adverse comorbidities than seronegative
patients.
It could be argued that the inability of multivariable models to
detect an independent effect of T. gondii seropositivity on post-HT
survival is due to insufﬁcient statistical power. In the authors’
opinion, this hypothesis is highly unlikely, considering that the
sample size of this series, the number of events, and the duration of
follow-up are higher than in the study conducted by Arora et al.3
Furthermore, the strength of the statistical association is low–the
multivariable HRs vary from 1.09 to 1.12, according to the model
selected–, which does not support a causal relationship. However,
the discrepancies between our results and those of other earlier
studies3,5 should be interpreted in the context of signiﬁcant
heterogeneity among the study populations, a variable prevalence
of T. gondii seropositivity, and intercenter variations in chemoprophylaxis regimens.
This series did not observe a signiﬁcant effect in T. gondii
serostatus on the incidence of graft vascular disease or cardiac
death. This ﬁnding is consistent with the 2 most recent studies4,5
but, as mentioned earlier, is in contrast with the initial study.3
Nevertheless, a moderately increased risk of acute rejection has
been observed among T. gondii-seropositive patients. Chronic T.
gondii infection is known to be a proinﬂammatory stimulus that
increases interleukin-12 and interferon-gamma production by the
host’s immune system13 and, therefore, could hypothetically be a
trigger for rejection. Irrespective of this possibility, this moderately
increased incidence of acute rejection did not produce a signiﬁcant
increase in mortality; moreover, acute rejection was a rare cause of
death in this series and caused only 5% of all the deaths recorded.
This paradoxical ﬁnding could be attributed to the fact that most
rejection episodes were seen in protocol biopsies before rejection
caused symptoms or graft dysfunction and were still treated
aggressively.
The univariable analysis revealed an increased unadjusted
incidence of neoplasms after HT among T. gondii-seropositive
patients. As in the case of total mortality, the statistical signiﬁcance
of this association disappeared after multivariable adjustment,
thus suggesting that this would again be attributable to a
confounding bias derived from an asymmetric distribution of risk
factors for neoplasms (particularly age) between the groups. To
date, there is no evidence that T. gondii infection and/or
chemoprophylaxis against this microorganism are potential
carcinogens.
This analysis also failed to show a signiﬁcant impact of donorrecipient matching with regard to T. gondii serostatus on post-HT
survival. This result should be interpreted cautiously because
almost a third of patients with unknown donor serostatus were
excluded, but the result is consistent with those of previous
studies,3–5 even when taking this limitation into account. The lack
of a negative prognostic effect of implanting a graft from a T. gondiiseropositive donor in a seronegative recipient has been mentioned
as an argument against a hypothetical inﬂuence of T. gondii
serostatus on post-HT outcome.2
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Limitations and Strengths
This study has several limitations. Because of the retrospective
design, the series could be subject to inherent selection and
information biases for this type of investigation. In addition,
because this was a single-center study, its results may not be
directly extrapolable to other populations. A comprehensive
multivariable analysis was performed, and an effort was made
to control potential confounding biases. However, it cannot
be ruled out that other untested covariables may have inﬂuenced
the statistical associations observed. The validity of the analysis of
the prognostic impact of recipient T. gondii serostatus is limited
because these data are unknown in a third of the individuals
studied. Additionally, the lack of information on actual completion
of chemoprophylaxis against T. gondii has made it difﬁcult to draw
conclusions. Last, the protocol of this center does not contemplate
the performance of serial serologic determinations or DNA
screening tests to monitor T. gondii infection in transplant
recipients; for this reason, it was impossible to analyze the
incidence of seroconversion or ﬁrst-time T. gondii infection after HT
or to establish a correlation between this type of infection and
acute rejection episodes or changes in immunosuppressive
therapy.
The strengths of this study over similar, previously-conducted
investigations include a larger sample size and longer follow-up.
The study also has the added value of conﬁrmation of ﬁndings
obtained in other populations in this setting, with implications for
the strength of arguments refuting the hypothesis of an independent prognostic effect of T. gondii serology on the prognosis of HT
recipients.
CONCLUSIONS
In this study, T. gondii-seropositive HT recipients had lower
nonadjusted survival than seronegative recipients. More than a
true causal association, these results seem attributable to a
confounding bias resulting from a higher mean age at the time of
HT and a higher prevalence of associated comorbidities; indeed,
2 different multivariable models failed to show an independent
effect of recipient T. gondii serostatus on post-HT survival. In short,
there does not appear to be solid scientiﬁc evidence to recommend
a major change in the therapeutic approach currently adopted in T.
gondii-seropositive HT recipients. However, in view of the
discrepancy in the results of different single-center series, analysis
of multicenter registries may be of interest for resolving the
controversy concerning this issue.
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WHAT IS KNOWN ABOUT THE TOPIC?
- The literature reveals considerable controversy regarding the potential prognostic impact of T. gondii
serostatus in HT recipients. This hypothesis is supported
by a small single-center study, but its results could not
be reproduced in 2 subsequent studies. In addition,
although various pathophysiologic hypotheses have
been proposed and consider chronic T. gondii infection
to play a causative role in the genesis of graft vascular
disease, there is no solid evidence to support them.
WHAT DOES THIS STUDY ADD?
- This work does not support an independent prognostic
impact of T. gondii serostatus in HT recipients. Although
long-term unadjusted mortality was signiﬁcantly lower
in seropositive recipients, this effect lost statistical
signiﬁcance after multivariable adjustment. These ﬁndings suggest that the association between T. gondii
serostatus and the prognosis of HT recipients might not
be a true causal relationship, but rather the result of a
confounding bias derived from a higher mean age at the
time of surgery and a higher prevalence of associated
comorbidities.
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Villa A, et al. Registro Español de Trasplante Cardiaco. XXVI Informe Oﬁcial de la
Sección de Insuﬁciencia Cardiaca y Trasplante Cardiaco de la Sociedad Española
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