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Abstract Infections are frequent complications of kidney transplants. We aimed at determining the frequency
 and type of infections that occur in renal transplant recipients during the early (0-1 month), intermedi-
ate (1-6 months) and late (6-12 months) post-transplant period and analyzing the risk factors for infection. To this 
aim, we conducted a retrospective cohort study on 1-year post-transplant follow-up in two third-level university 
hospitals in Cordoba city. All consecutive recipients of renal transplants performed between 2009 and 2015 were 
included, except those with multiple solid organ transplantation and pediatric patients. We included 375 recipi-
ents, of which 235 (62.7%) had at least one episode of infection during follow-up. There were 504 episodes of 
infection, of which 131 (26%) occurred in the early, 272 (53.9%) in the intermediate, and 101 (20.1%) in the late 
post-transplant period. The most frequent infections in all periods were caused by bacteria (mainly urinary tract 
infections), and the most frequent viral infection was caused by Cytomegalovirus (mainly in the second and third 
period). In the multivariate analysis, infection risk factors were: age > 60 years (adjusted odds ratio [aOR] = 1.92; 
95% CI = 1.05-3.49), organ transplantation from deceased donor (aOR = 8.19; 95% CI = 2.32-28.9), use of pig-
tail catheter for urinary tract drainage (aOR = 4.06; 95% CI = 1.27-12.9), and number of days in hospital after 
transplant (aOR = 1.05; 95% CI = 1.01-1.11). In conclusion, infections in renal transplant recipients represent a 
very frequent health problem in our hospitals. Understanding the local epidemiology of infection and the potential 
risk factors for infection acquires utmost importance.

 Key words: kidney transplantation, urinary tract infections, cytomegalovirus, infections, immunosuppression, 
opportunistic infections

Resumen Infecciones en el primer año post-trasplante renal. Las infecciones son complicaciones frecuen-
 tes de los trasplantes renales. Los objetivos del estudio fueron determinar la frecuencia y el tipo 
de infecciones que ocurren en el período post-trasplante temprano (0-1 mes), intermedio (1-6 meses) y tardío 
(6-12 meses) en nuestro medio y analizar los factores de riesgo de infección. Se realizó un estudio de cohorte 
retrospectivo que incluyó todos los pacientes con trasplantes renales realizados entre 2009 y 2015 en dos hospi-
tales universitarios de tercer nivel de la ciudad de Córdoba, excluidos los receptores de trasplante simultáneo de 
múltiples órganos sólidos y los menores de 18 años. Fueron incluidos 375 pacientes, de los cuales 235 (62.7%) 
tuvieron al menos un episodio de infección. Hubo 504 episodios de infección: 131 (26%) ocurrieron en el pe-
ríodo temprano, 272 (53.9%) en el intermedio y 101 (20.1%) en el tardío. La mayoría de las infecciones fueron 
de origen bacteriano (principalmente del tracto urinario). La mayoría de las infecciones virales ocurrieron en el 
segundo y el tercer período y Citomegalovirus fue el responsable más frecuente. En el análisis multivariado, los 
factores de riesgo de infección post-transplante renal fueron: edad > 60 años (odds ratio ajustado [aOR] 1.92; 
IC95% 1.05-3.49), donante cadavérico (aOR 8.19; IC95% 2.32-28.9), uso de catéter pigtail (aOR 4.06; IC95% 
1.27-12.9) y número de días internado postrasplante (aOR 1.05; IC95% 1.01-1.11). En conclusión, confirmamos 
que las infecciones en pacientes con trasplante renal son muy frecuentes en nuestro medio, por lo cual es im-
portante conocer la epidemiología local y los factores de riesgo.

 Palabras clave: trasplante de riñón, infecciones urinarias, citomegalovirus, infecciones, inmunosupresión, infec-
ciones oportunistas
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End stage renal disease is an important cause of mor-
bidity and mortality worldwide, and its incidence is growing 
constantly over the years1. Although renal transplantation 
is an effective treatment option with patients experiencing 
increased long-term survival, the concomitant implementa-
tion of immunosuppressive therapies has resulted in an 
increased risk of developing infections2, 3. Infections are the 
main cause of hospital admission within 24 months after 
renal transplantation and account for prolonged hospital 
stays and increased healthcare costs. Furthermore, they 
represent the second leading cause of death in renal 
transplant recipients after cardiovascular disease4, 5. 

The risk of post-transplant infection is determined 
by several factors, including the nature and intensity of 
epidemiological exposure, the degree of immunosuppres-
sion, and the preventive measures used6, 7. The frequency 
of infectious episodes varies during the first-year post-
transplant. In the first month, infections are mainly caused 
by nosocomial (hospital-acquired) pathogens, surgical 
complications, and donor-derived infections. The period 
between one month and 6 months after transplantation 
is characterized by maximum immunosuppression, when 
there is greater susceptibility to develop opportunistic in-
fections. By contrast, infections developing after 6 months 
post-transplant are usually caused by microorganisms 
which are common to the rest of the population8. It is im-
portant to understand the local epidemiology of the leading 
infectious conditions affecting renal transplant recipients 
in order to properly manage the patients.

The primary objective of this study was to determine 
the frequency of infectious disease in renal transplant 
recipients during a 1-year follow-up period after transplan-
tation in our setting. The secondary objectives were: (i) 
to characterize the frequency and type of infections that 
occurred in renal transplant recipients during the early (0-1 

month), intermediate (1-6 months), and late (6-12 months) 
post-transplant periods; (ii) to establish the frequency of 
reactivation of renal transplant recipient’s infections and 
opportunistic infections during the post-transplant period; 
(iii) to determine the frequency of donor-derived infections; 
and (iv) to assess the risk factors for developing infections 
during the post-transplant period.

Materials and methods

A retrospective study was carried out in two third-level univer-
sity hospitals in Córdoba city, Argentina: Hospital Raúl Ángel 
Ferreyra and Hospital Privado Universitario de Córdoba. All 
patients aged 18 and older who received a single kidney 
transplant between January 2009 and December 2015, and 
who attended their follow-up visits at those hospitals were 
included. Patients under 18 years of age and those who had 
received another solid organ transplant during the same period 
were excluded.

All transplanted patients received immunosuppressive treat-
ment and infection prophylaxis according to the Nephrology 
Department protocol. Patients with a high immunological risk 
received anti-thymocyte serum induction therapy (1.5 mg/kg/
day for 5 days), or basiliximab (2 doses of 20 mg) and hu-
man gamma globulin (2 doses of 2 g/kg) as an alternative 
regimen for subjects who were at a higher risk of developing 
serious infections and cancer. Patients with a high risk of 
delayed graft function and low immunological risk received 
basiliximab (same dosage). In addition, all patients received 
a methylprednisolone pulse therapy for 3 days. Calcineurin 
inhibitors (preferably tacrolimus), an anti-proliferative agent 
(preferably mycophenolate), and prednisone were used for 
maintenance therapy, except for a few special situations. All 
patients received antibiotic prophylaxis to prevent infection of 
the surgical site in the immediate post-surgery period, trim-
ethoprim/sulfamethoxazole for one year, valganciclovir for 3 
months (subjects who had received anti-thymocyte serum or 
subjects with negative CMV IgG results before transplant), 
or acyclovir for an indefinite period (all other patients), and 
nystatin during the first stage of the transplant. All patients 
who received an organ from donors with positive serology 
for syphilis (VDRL test) were given penicillin G benzathine 
(2 400 000 U). All subjects were tested for CMV, BK virus 
(BKV) and Chagas’ disease, with a monthly PCR determina-
tion up to 6 months. After transplantation, patients attended 
periodical follow-up controls which enabled the recording of 
significant events in their medical histories.

The medical history of each patient included in the study 
was reviewed, and demographics, comorbidities, transplant-
related information, and data about infections developed dur-
ing the post-transplant period were collected. A distinction was 
made between standard criteria donors and expanded criteria 
donors (patients > 59 year or donors aged 50-59 who complied 
with at least two of the following three criteria: cerebrovascular 
accident as cause of death, history of hypertension and pre-
ablation serum creatinine level > 1.5 mg/dl)9. Patient follow-up 
was carried out until one-year post-transplant, until patients 
underwent a new solid organ transplantation, or until patient 
death or loss to follow-up, whichever occurred first.

The definitions used are found in the supplementary ma-
terial. 

The study was approved by the Hospital ethical review 
board.

Continuous variables were expressed as mean and stan-
dard deviation, and were compared with the Student’s t-test 

KEY POINTS
Current knowledge

 • Infections are the most frequent cause of hospital admis-
sion in the first year after renal transplantation.

 • The risk of infection during the post-transplant period is 
mainly determined by the nature and intensity of epide-
miological exposure, the degree of immunosuppression, 
and the preventive measures used.

Contribution of the article to current knowledge

 • In two third-level university hospitals in Cordoba city, 
the most frequent infections during the first year post-
transplantation affected mainly the urinary tract and were 
caused by bacteria.

 • Infection risk factors were age > 60 years, organ trans-
plantation from a deceased donor, use of pigtail catheter 
for urinary tract drainage, and number of days in hospital 
after transplant.
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or the Mann-Whitney U test, according to their homogene-
ity. Categorical variables were expressed as frequency and 
percentage, and were compared using the chi-square test or 
the Fisher’s exact test, according to the expected frequen-
cies. Statistical significance was defined as a p value < 0.05. 
Relative risk with 95% confidence interval was used to assess 
the link between individual risk factors and the development 
of infections during the post-transplant period. Subsequently, 
all significant variables with a p value < 0.05 in the univariate 
analysis were considered for a multivariate logistic regression 
analysis. Survival curves of patients who developed infections 
and patients who did not develop infections were compared, 
considering the period during which infections developed, 
using Kaplan-Meier survival curves and the log-rank test. 
The analyses were carried out using the Stata 14 statistical 
software (Stata-Corp. LP., College Station, TX, USA).

Results

Out of 488 patients who received a renal transplant during 
the study period, 113 (23.1%) were excluded. Of these, 
76 (67.3%) were excluded because they had multiple 
solid organ transplantation, and 37 (32.7%) because they 
were under 18 years of age. A total of 375 patients were 
included, of whom 235 (62.7%) had at least one episode 
of infection during the follow-up period, and 140 had none. 

Table 1 summarizes the epidemiological characteris-
tics of the transplanted population together with donor, 
immunosuppression and transplant-related characteris-
tics. The patients who had infection episodes were older 
(52 ± 14.9 vs. 46 ± 14.7 years old; p < 0.001) and had 
a history of diabetes mellitus more often than those who 

did not develop infections (18.7 vs. 10.7%; p = 0.04). 
Likewise, these patients also had a history of having more 
frequently received a kidney from a deceased donor (74 
vs. 52.9%; p < 0.001) or from an expanded criteria donor 
(30 vs. 18.1%; p = 0.01), of having a greater delay in graft 
function (49.1 vs. 37.2%; p = 0.02), less use of pigtail cath-
eter for urinary tract drainage (38.9 vs. 50.4%; p = 0.03), 
longer hospitalization time after transplant (11.6 ± 10.3 
vs. 8.5 ± 4.4 days in hospital; p < 0.001), and more use 
of tacrolimus as maintenance immunosuppression (97 
vs. 91.9%; p = 0.03). All these variables were considered 
as risk factors for infection after the transplant. The risk 
of infection increased by 38% in subjects over 60 years 
(RR = 1.38; 95% CI 1.20-1.60), 23% in diabetic patients 
(RR = 1.23; 95% CI 1.04-1.47), 46% in patients who 
received a kidney from a deceased donor (RR = 1.46; 
CI 95% = 1.19-1.78), 25% in patients who received an 
organ from an expanded criteria donor (RR = 1.25; 95% 
CI 1.07-1.45), 19% in patients who experienced a delay 
in graft function (RR = 1.19; 95% CI 1.02-1.39), and 65% 
in those patients who received tacrolimus (RR = 1.65; 
95% CI 0.92-2.96). There were no significant differences 
in the presence of comorbidities such as heart failure, 
ischemic heart disease, chronic obstructive pulmonary 
disease, neurological, hepatic, rheumatic and neoplastic 
diseases between patients who had any episode of in-
fection and those who did not have any during follow-up. 
There were also no differences in the modality and time 
of pre-transplant renal replacement therapy, invasive 
postsurgical procedures in the urinary tract, episodes 

TABLE 1.– Main features of renal recipient population according to the presence of infections within the 
irst-year post-transplant 

Demographic features Total renal Renal recipients Renal recipients p RR (IC 95%)
  recipients with infection  without infection 

Male (n: 375), n (%) 227 (60.5) 137 (58.3) 90 (64.3) 0.25
Age at the time of transplant 49.8 ± 15.1 52 ± 14.9 46 ± 14.7 < 0.001
(n: 375), mean ± SD 
Diabetes mellitus (n: 375), n (%) 59 (15.7) 44 (18.7) 15 (10.7) 0.04 1.23 (1.04-1.47)
Renal transplantation
– Cadaveric donor (n: 375), n (%) 248 (66.1) 174 (74.0) 74 (52.9) < 0.001 1.46 (1.19-1.78)
– Expanded donor (n: 355), n (%) 93 (26.2) 70 (30) 23 (18.1) 0.010 1.25 (1.07-1.45)
– Graft function delay (n: 367), n (%) 164 (44.7) 113 (49.1) 51 (37.2) 0.027 1.19 (1.02-1.39)
Pigtail placement in urinary 156 (43.2) 88 (38.9) 68 (50.4) 0.034 0.84 (0.71-0.99)
tract (n: 361), n (%) 
Days of admission 10.5 ± 8.7 11.6 ± 10.3 8.5 ± 4.4 < 0.001
post-transplant (n: 375), mean ± SD  
Inmunosuppression in maintenance: 348 (95.1) 223 (97.0) 125 (91.9) 0.031 1.65 (0.92-2.96)
Tacrolimus (n: 366), n (%)

SD: standard deviation
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of graft rejection, percentage of primary non-functioning 
transplants and type of immunosuppression used during 
induction and maintenance (except for tacrolimus). The 
median follow-up was 12 months and the loss to follow-up 
was 6.4%, with no differences found between the groups.

In the multivariate analysis, infection risk factors adjusted 
for all other confounding variables were age > 60 years 
(adjusted odds ratio [OR] = 1 .92; 95% CI 1.05-3.49), organ 
transplantation from deceased donors (adjusted OR = 8.19; 
95% CI 2.32-28.9), use of pigtail catheter for urinary tract 
drainage (adjusted OR = 4.06; 95% CI 1.27-12.9), and 
number of days in hospital after transplant (adjusted 
OR = 1.05; 95% CI 1.01 -1.11).

Five hundred and four infection episodes were re-
ported, 131 (26%) of which occurred within the first 30 
days after transplant, 272 (53.9%) occurred between 31 
and 180 days after transplant, and 101 (20.1%) occurred 
between 181 and 365 days after transplant (Table 2). 

According to their etiologic origin, the frequencies were 
bacterial 350 (69.4%), viral 118 (23.4%), parasitic 21 
(4.2%), and fungal 15 (3%). Urinary tract infections (UTIs) 
were the most frequent infections (44.2%), followed by 
cytomegalovirus (CMV) infection and disease (23.4%), 
culture-positive preservation fluid or transplanted organ 
(6.7%), and surgical site infections (5.2%).

During the early period (0-30 days), most infections 
were caused by bacteria (87%), and a few infections were 
caused by viruses (7.6%). The most frequent infections 
during this period were UTIs (36.6%), culture-positive 
preservation fluid (26%) and surgical site infections 
(11.5%). During the intermediate period (31-180 days), 
there was an increase in the rate of viral infections (33.1%) 
and a relative decrease in the rate of bacterial infections 
(57.7%). The most frequent infections during this pe-
riod were UTIs (40.8%) and CMV infection and disease 
(31.6%). During the late period (181-365 days), there 

TABLE 2.– Frequency of infections according to the period after transplantation 

Type of infection, n (%) Total infections Infections from Infections from Infections from p
  in the first year day 0 to day day 31 to day day 181 to day
  post-transplant  30 post-transplant 180 post-transplant 365 post-transplant
  N: 504 (100%) N: 131 (26%) N: 272 (54%) N: 101 (20%) 

Health care-associated infections 145 (28.8) 77 (58.8) 55 (20.2) 13 (12.9) < 0.001
Bacterial infections 350 (69.4) 114 (87.0) 157 (57.7) 79 (78.2) < 0.001
Transplanted organs or preservation 34 (6.7) 34 (26.0) 0 (0.0) 0 (0.0) < 0.001
fluid positive culture 
Surgical site infection  26 (5.2) 15 (11.5) 11 (4.0) 0 (0.0) <0.001
Urinary tract infection  223 (44.2) 48 (36.6) 111 (40.8) 64 (63.4) <0.001
– Lower tract 65 (12.9) 16 (12.2) 30 (11.0) 19 (18.8) 0.13
– Upper tract 158 (31.3) 32 (24.4) 81 (29.8) 45 (44.6) 0.003
Bacterial pneumonia  15 (3.0) 3 (2.3) 5 (1.8) 7 (6.9) 0.059
Bacteremia with no infectious focus 25 (5.0) 7 (5.3) 16 (5.9) 2 (2.0) 0.30
Neutropenic fever 6 (1.2) 0 (0.0) 4 (1.5) 2 (2.0) 0.15
Catheter-related bloodstream infections 8 (1.6) 3 (2.3) 3 (1.1) 2 (2.0) 0.63
Parasite infection  21 (4.2) 6 (4.6) 14 (5.1) 1 (1.0) 0.11
– Chagas disease primo-infection 2 (0.4) 0 (0.0) 2 (0.7) 0 (0.0) 0.29
– Chagas disease reactivation 7 (1.4) 2 (1.5) 5 (1.8) 0 (0.0) 0.20
– Diarrhea caused by Cryptosporidium, 12 (2.4) 4 (3.1) 7 (2.6) 1 (1.0) 0.50
Isospora, etc. 
Viral infection  118 (23.4) 10 (7.6) 90 (33.1) 18 (17.8) < 0.001
– CMV infection and disease 110 (21.8) 10(7.62) 86 (31.6) 14 (13.9) < 0.001
– CMV infection 33 (6.6) 2 (1.5) 28 (10.3) 3 (3.0) 0.001
– CMV disease 77 (15.3) 8 (6.1) 58 (21.3) 11 (10.9) < 0.001
– BK virus nephropathy 7 (1.4) 0 (0.0) 3 (1.1) 4 (4.0) 0.029
– BK virus associated urethral stenosis  1 (0.2) 0 (0.0) 1 (0.4) 0 (0.0) 0.53
Fungal infection 15 (3.0) 1 (0.8) 11 (4.0) 3 (3.0) 0.13
– Invasive candidiasis  6 (1.2) 0 (0.0) 6 (2.2) 0 (0.0) 0.024

CMV: cytomegalovirus
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was an increase in the rate of bacterial infections (78.2%) 
and a decrease in the rate of viral infections (17.8%). As 
it was the case in previous periods, UTIs were the most 
frequent infections (63.4%), followed by CMV infection and 
disease (13.9%). The least frequent bacterial infections 
were: Clostridium difficile diarrhea (2 in the early period, 1 
in the intermediate and 2 in the late period), septic arthritis 
(2 in the intermediate period), infectious endocarditis (1 
in the early period and 1 in the intermediate period), os-
teomyelitis (2 in the intermediate period) and tuberculosis 
(1 in the early period and 1 in the intermediate). Fungal 
infections were the most infrequent: among them were 
disseminated candidiasis (1 in the early period) and UTI 
by Candida spp (1 in the late period). 

A total of 137 opportunistic infections were identified 
(27.2% of total infections), 56.2% of which were CMV 
disease (77 episodes), followed by 33 cases of CMV in-
fection (24.1%), 9 cases of Chagas’ disease (6.6%) and 
8 cases of BKV infection (5.8%). In addition, among the 
opportunistic infections identified, 5 cases of aspergillosis 

were diagnosed (4 in the intermediate period and 1 in the 
late period), as were 2 cases of pneumocystosis (1 in the 
intermediate period and 1 in the late period) and 1 case 
of nocardiosis (in the late period).

Kidney recipients had pre-transplant serology positive 
for Epstein Barr virus (EBV) (92%), CMV (91.7%) and 
Chagas’ disease (6.9%). CMV reactivation was observed 
in 24.1% of the CMV seropositive patients, and Chagas’ 
disease reactivation was identified in 26.9% of the patients 
who tested positive for the disease before transplantation. 
No reactivation of other conditions was observed (Table 3).

Among patients with discordant serologies (seronega-
tive recipients with seropositive donors), CMV transmis-
sion occurred in 56.5% (13/23) of the patients, and 
Chagas’ disease transmission occurred in 8.3% (2/24). 
Transmission of other donor infections to recipient was 
not observed (Table 4).

Nineteen patients died (5.1%) during the follow-up 
period. There were no significant differences in mortality 
among patients with at least one infection episode and 

TABLE 3.– Infectious disease reactivation in renal recipient after transplantation 

Serologic testing Positive serology prior Reactivated infection /
performed in renal to transplant / Total Patients with previous
recipients  recipients (%)  positive serology (%)

VDRL 1/375 (0.3) 0/1 (0)
Toxoplasmosis 127/375 (33) 0/127 (0)
Trypanosoma cruzi 26/375 (6.9) 7/26 (26.9)
CMV 344/375 (91.7) 83/344 (24.1)
EBV 345/375 (92) 0/345 (0)
HIV 0/375 (0.0) 0/0

VDRL: venereal disease research laboratory; CMV: cytomegalovirus, EBV: Epstein Barr virus; HIV: 
human immunodeficiency virus.

TABLE 4.– Donor-transmitted infections

Serology Seronegative recipients Patients with donor
 with seropositive donors transmitted infection (%)

VDRL 6 0 (0)
Toxoplasmosis 55 0 (0)
Trypanosoma cruzi 24 2 (8.3)
CMV  23 13 (56.5)
EBV 3 0 (0)
HIV 0 0 (0)

VDRL: venereal disease research laboratory; CMV: cytomegalovirus, EBV: Epstein Barr virus, HIV: 
human immunodeficiency virus
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patients who had none (6.4% vs 2.9%; p = 0.13). Likewise, 
no significant differences were found between the survival 
curves of both groups at 12-month follow-up (with infec-
tion 93.8% [95%CI 89.8-96.3] vs. without infection 97.1% 
[95%CI 92.3-98.9]; p = 0.14). When analyzing patients’ 
survival rate after the infection episode, differences in 
survival curves were found depending on the period in 
which the infection was diagnosed (early period 88.9% 
[95%CI 81.5-94.3] vs. intermediate period 96.1% [95%CI 
89.9-98.5] vs. late period 100%; p = 0.048). Eleven deaths 
occurred in patients who had infections in the first period 
after transplantation (11.1%), 4 occurred among those who 
developed infections in the second period (3.7%), and no 
deaths occurred in the third period after transplantation. 

Discussion

In our study, 62% of the patients had at least one episode 
of infection during the first year after transplantation, a rate 
which is in range with results published by other authors, 
where the incidence of infection ranged between 40-80%10-13. 
Among the patients included in our study, there were many 
with a history of previous renal transplant, and the average 
time on dialysis prior to transplantation was nearly 5 years. 
While these elements have been described as risk factors 
for developing infections, no significant differences were 
observed between both groups14. It was only observed that 
patients who developed infections were older and more 
frequently diabetic than those who did not. With regard to 
the transplant, as it has been described in other studies, 
we found that a history of deceased or expanded criteria 
donor graft and the delay in graft function was associated 
with an increased risk of infection15.

Moreover, we observed that prolonged post-transplant 
hospitalizations were most frequently associated with the 
development of infections. Such an increase in the length 
of post-transplant hospitalization might be due to the oc-
currence of medical complications, including infections, as 
a result of an increased length of exposure to nosocomial 
pathogens and the use of endovascular or urological inva-
sive devices, as it has previously described10. When com-
paring the types of immunosuppressive maintenance and 
induction therapies, we found that the patients who used 
tacrolimus were at a higher risk of developing infections, 
as previously reported16. However, it must be considered 
that most patients in both groups did use tacrolimus, 
which is one of the most widely used immunosuppressive 
maintenance therapy along with mycophenolate. 

In the bivariate analysis, patients who had a pigtail 
catheter inserted into the urinary tract appeared to be at a 
lower risk of infection. Actually, this is due to the fact that 
almost all transplanted patients who received an organ 
from a living donor (considered as a “protective factor” 
against infections) had a pigtail catheter, in comparison 

with a small percentage of patients who received an organ 
from a deceased donor (considered as a risk factor for 
infections). When adjusting these variables, the presence 
of a pigtail catheter was a clear risk factor for developing 
infections. 

When surveying the epidemiology of infections accord-
ing to the post-transplant period in which they developed, 
we noted that over half of them occurred between 30 
days and 6 months after transplantation, as it has been 
described in other studies16, 17. This is a period of maximum 
immunosuppression, and thus, it is reasonable to find it as-
sociated to a higher risk of developing opportunistic infec-
tions16. In our study, the most frequent cause of infection 
in this period was CMV and, to a lesser extent, Trypano-
soma cruzi (agent of Chagas disease) and Pneumocystis. 
However, it should be noted that most bacterial infections 
during the first year after transplantation occurred in this 
period (pyelonephritis had the highest frequency). 

Several studies indicated that bacterial infections are 
the most frequent in transplant patients, accounting for 
50-70% of the episodes10, 18. When these infections include 
bacteremia, mortality rate can be as high as 50% mortality. 
The main risk factors promoting their development are the 
use of urinary catheters, intravascular catheters, surgical 
procedures, history of CMV infection, and episodes of 
rejection19, 20. As observed in our study, urinary infections 
have been reported as the main cause of bacterial infec-
tion in patients with renal transplantation21, 22.

According to the literature, the lowest number of infec-
tion episodes during the first year post-transplant occur in 
the first 30 days after transplantation8, 16. In our study, how-
ever, it was during the third period post-transplant when 
the lower number of infection events occurred, with a slight 
difference in frequency with respect to the first period. As 
previously reported, most infections occurring in the first 
month were of nosocomial origin, mainly secondary to 
donor-derived infections, surgical site infections, UTI and 
endovascular catheter-related infections10, 17.

It has also been described that infections occurring 
after 6 months post-transplant tend to be similar to the 
ones developed by the rest of the population in general. 
This could be due to the fact that the period of highest 
immunosuppression, as well as the transplant-related 
risks factors, have been overcome8. In our study, the vast 
majority of infections occurring during this third period were 
community-acquired bacterial infections, mainly urinary 
infections and bacterial pneumonias. However, graft 
rejection episodes may increase the risk of opportunistic 
infections, mostly due to the need to increase the length 
of immunosuppression8, 17. Opportunistic infections are 
of great relevance since their clinical manifestations tend 
to be atypical in transplant patients, and there may be 
delays in diagnosis and appropriate treatment23. In this 
study, about one-quarter of infections were secondary to 
opportunistic microorganisms, and they occurred between 
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30-180 days after transplantation. Many of them resulted 
from the reactivation of the recipient’s dormant viral infec-
tions, as well as from donor-transmitted infections. This 
demonstrates the importance of a complete pre-transplant 
screening of donor and recipient for the prevention and 
early detection of these kind of infections15, 24.

Just like it is mentioned in the literature, CMV was the 
main opportunistic agent identified in this study25, 26. CMV 
reactivation can develop as an infection (with a mere 
increase in the number of viral copies) or as a disease 
(with associated symptoms such as fever, general dis-
tress, leukopenia, thrombocytopenia or evidence of tissue 
invasion)26. As it has been noted by other authors, the 
prevalence of CMV positive serology was very high among 
kidney donors and recipients25. This a relevant aspect, 
since the greatest known risk factor for CMV disease is 
a mismatch between a CMV seropositive donor and a 
CMV seronegative recipient before transplantation27. In 
a study from Argentina, CMV accounted for 50% of the 
diarrhea episodes with identified microbiological agent in 
patients with kidney and simultaneous pancreas-kidney 
transplantation, being diarrhea one of the main manifesta-
tions of this infection28. 

Chagas’ disease is an endemic zoonotic disease in 
several Latin American countries. It is estimated that in Ar-
gentina there are 2.5 million infected people29, 30. There are 
some reports about the rate of reactivation and transmis-
sion during the post-transplantation period31-33. Riarte et al 
reported that, in a transplantation center in Argentina, 21% 
of renal transplant recipients with positive serology tests 
for Chagas experienced disease reactivation between 
1989 and 199634. This percentage is very similar to the one 
observed in our study. On the other hand, those authors 
reported that donor transmission was close to 18%, in 
comparison with the 8% transmission rate observed in our 
study. This infection became of utmost importance since 
in the last decades it has spread to other continents via 
various means of transmission, such as vertical transmis-
sion, blood transfusion, and organ donation15, 35, 36. 

Another important infection for renal transplant recipi-
ents is the one caused by BKV, which can be associated 
to a wide range of clinical manifestations, such as asymp-
tomatic viruria, urethral stricture, interstitial nephritis, and 
graft nephropathy17, 24, 37. As in most studies, we found 
the frequency of BKV infection to be higher after the first 
post-transplant month, and mainly manifested as BKV 
nephropathy, albeit in a much lower percentage (1.4%) 
compared to reported rates (2-5%)16. In a study carried 
out in Argentina, with serial search in kidney transplant 
recipients, 12% of post-transplant patients were found to 
be infected with BKV38.

Tuberculosis is another infection that can develop in 
immunosuppressed patients. In Argentina, its incidence 
was 23.9 per 100 000 people in 2016, signaling an upward 
trend compared to previous years. In our study, there 

were two cases of tuberculosis, both of which occurred 
within 6 months post-transplant. While tuberculosis may 
be donor-transmitted or community-acquired, it usually 
develops as a reactivation of a latent infection in the recipi-
ent17, 39. In one of the patients who developed tuberculosis, 
the result of the tuberculin skin test prior to transplanta-
tion was not recorded and in the other it was recorded 
as being negative. This test often gives false-negative 
results in anergic patients, such as those affected by 
chronic kidney diseases39. Thus, it is still possible that this 
transplant recipient had reactivated a latent tuberculosis 
infection. A large Argentine study conducted between the 
1980s and 1990s reported 3.6% of tuberculosis in kidney 
transplant recipients with an average time of diagnosis at 
13 months40. 

Similarly to findings of other studies, infection episodes 
caused by fungi accounted for a small percentage, with 
Candida sp. as the main causative agent41. Another fungal 
agent isolated was Pneumocystis jiroveci, which accounts 
for severe pulmonary infections in transplant patients dur-
ing the first 3-6 months after transplantation. However, the 
incidence of this infection has dropped substantially due to 
the use of antimicrobial prophylaxis with trimethoprim/sul-
famethoxazole23. It should be emphasized that in our study 
we observed no case of toxoplasmosis, cryptococcosis, 
mucormycosis, histoplasmosis or EBV-related infections.

We conclude that infections in renal transplant recipi-
ents represent a very frequent and important problem in 
our setting. Thus, understanding the local epidemiology 
of infections and their potential risk factors is of special 
significance in order to design and implement appropriate 
measures for their prevention and/or timely treatment.
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Supplementary material

Definitions

- Transplant patient: A patient who has received a renal graft from a living or deceased donor and is under im-
munosuppressive therapy.

- Delayed graft function (DGF) after renal transplantation: The need for dialysis within the first week after 
transplantation1.

- Renal allograft rejection: Acute deterioration of graft function associated with specific histological changes2.

Infections

Health care-associated infections (HCAIs): Infections that developed at least 48 hours after hospital admission 
and for which there was no evidence at the time of admission3.

Urinary tract infection (UTI): They are classified as: A) Lower UTI: Clinically significant bacteriuria (> 105 CFU/
ml, or > 102 CFU/ml in urine sample collected after catheter insertion), in association with symptoms of dysuria without 
tenderness or pain in the proximity of the transplanted kidney, with or without deterioration of graft function; B) Upper 
UTI: Clinically significant bacteriuria (> 105 CFU/ml, or >102 CFU/ml in urine sample collected after catheter insertion), 
temperature > 38 °C and/or tenderness or pain in the proximity of the graft, and/or deterioration of renal function, 
blood tests showing high levels of inflammatory markers (C-reactive protein or leukocytosis) and/or renal image or 
biopsy compatible with pyelonephritis4. 

Bacterial pneumonia: New infiltrates on chest X-ray or computed tomography, along with three of the following: 
A) body temperature above 38 °C or below 36.5 °C, B) pathologic sounds to auscultation (crackles, rales, hypoven-
tilation, tubal murmur, etc.), C) leukocytosis or leukopenia (> 10 000 cells/ml or < 3 000 cells/ml), D) positive sputum 
culture or purulent sputum (> 25 leukocytes per field and an epithelial cell count <10) secondary to bacterial infection 
other than mycobacteria5.

Pulmonary tuberculosis: Presence of clinical features and radiographic imaging compatible with tuberculosis, 
along with a method to confirm the presence of Mycobacterium tuberculosis (acid-fast bacilli stain, Lowenstein-Jensen 
mycobacterial culture or positive PCR for M. tuberculosis)6.

Bacteremia: True positive blood culture is defined as the growth of one or more microorganisms in at least one 
sample of blood culture, except for those microorganisms that are potential skin contaminants (such as Diphteroides, 
Propionibacterium, Bacillus, coagulase-negative Staphylococcus, Corynebacterium and Streptococcus viridans), in 
which case they meet one of the following criteria: A) Development in two or more blood culture samples; B) Isola-
tion of the same microorganism in another site considered as the source of bacteremia; C) Intravascular infection, 
together with body temperature above 38 °C or below 36 °C without another pathogen isolation, which motivates the 
start of a specific antimicrobial therapy against it. All blood cultures associated to the same isolation, with the same 
antimicrobial sensitivity and focus of infection are considered as one episode that occurs in the same person, during 
the same period of time. All those episodes in which two or more species of microorganisms are isolated in one or 
more blood cultures obtained at the same moment are considered as polymicrobial blood cultures, according to 
the definition of true positive blood culture. Those cases of true bacteremia in which the identification of the probable 
focus of infection is not possible are registered as bacteremia with no infectious focus7.

Catheter-associated infection: It is defined according to the records in the medical history, using any of the 
following two criteria: A) Catheter tip culture of > 15 CFU/ml associated to blood culture with isolation of the same 
microorganism, plus one of the following: 1) Fever > 38 °C, 2) local pain, 3) erythema, 4) warm; B) Blood culture 
from the catheter that becomes positive at least 2 hours earlier than the peripheral blood culture, with isolation of the 
same microorganism in both cultures8.

Surgical site infection: An infection that occurs in or near the surgical site within 30 days after surgery (in cases 
of deep surgical procedure, the period is extended past 90 days), along with purulent discharge from the site or isola-
tion of the same microorganism in blood culture or fluid draining from the surgical site9.

Clostridium difficile-associated diarrhea: Presence of diarrhea, plus one of the following: A) C. difficile toxin 
detected by enzyme linked immunosorbent assay (ELISA) in culture-positive stool specimen; B) Identification of C. 
difficile by stool PCR assay10.

Osteomyelitis: It must meet one of the following criteria: A) Positive bone culture; B) Pathologic anatomy compatible 
with osteomyelitis; C) Positive blood culture, along with diagnostic imaging test findings compatible with osteomyelitis, 
and no other probable focus of infection11.
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Citomegalovirus (CMV) infection: Evidence of virus replication regardless of symptoms. Although there is not a 
minimum preset value of viral load for considering the replication of CMV as significant, the presence of more than 5 000 
copies or the increase in the number of copies by more than 1 000 in one week is considered as a reference value12.

CMV disease: Evidence of virus replication along with symptoms such as fever, general distress, leukopenia, 
and thrombocytopenia, or evidence of tissue invasion (pneumonitis, hepatitis, gastrointestinal tract disease), which 
is defined as a positive qualitative PCR (Q-PCR) test result for tissue sample (bronchoalveolar lavage, liver biopsy, 
bowel biopsy, etc.)12.

Polyomavirus BK (BKV) infection: The infection caused by this virus is related to the following pathologies: 
A) BKV-associated nephropathy: Renal function deterioration and presence of positive viral load by PCR in plasma 
(positive viral load in plasma (> 4 log10) or urine (positive viral load in urine > 7 log10), or positive Q-PCR in renal 
biopsy tissue or immunohistochemistry identification in renal biopsy; B) BKV-associated hemorrhagic cystitis: Signs 
and symptoms of hemorrhagic cystitis (macroscopic and microscopic hematuria associated to dysuria or pollakiuria) 
along with positive viral load by PCR in plasma or urine; C) Ureteral stenosis: Ureteral stenosis diagnosed thorough 
imaging, along with positive urine and/or plasma BKV viral load12.

Chagas’ disease: Infection caused by the protozoan parasite Trypanosoma cruzii. Its manifestation can be: 
A) Primary infection: Presence of positive serology (2 or more methods: indirect hemagglutination test, indirect 
immunofluorescence assay, enzyme like immunosorbent assay) in a patient with negative pre-transplant serology 
and/or plasma parasitic load > 50 copies/ml, or positive hemoparasitological exam; B) Reactivation: Recipient with 
positive pre-transplant cytology (2 or more methods), who presented a plasma parasitic load > 50 copies/ml or posi-
tive blood parasitology after transplantation13.

Toxoplasmosis: The infection caused by Toxoplasma gondii in solid organ transplant recipients can be the result 
of primary infection (seronegative patient before transplantation who receives an organ from a seropositive donor) 
o reactivation of dormant infection (patient with positive pre-transplant serology who develops the infection). In 
both cases, the infection is defined as: A) Signs and symptoms compatible with brain abscess, chorioretinitis, sys-
temic disease (fever, adenopathy, general distress), or pneumonitis, plus B) seroconversion, demonstration through 
tachyzoites biopsy or positive PCR in the affected tissue13.

Cryptosporidium/ Isospora belli/ Cyclospora/ Microsporidium/ Blastocystis hominis/ Giardia-associated 
diarrhea: Presence of compatible clinical manifestations (usually chronic diarrhea), associated with observation of 
parasites or parasite eggs in stool examination (stool ova and parasites test)13.

Candidiasis: Infections caused by Candida sp. are classified as: A) Candidemia: Presence of fungus in at least 
one blood culture sample, in the absence of demonstrable visceral involvement, except for the cutaneous-mucosal 
location; B) Localized deep-seated candidiasis: Visceral involvement that affects a single organ, requiring histopatho-
logical demonstration of the presence of Candida sp. in the tissues involved studies; C) Disseminated candidiasis: 
infection located in multiple visceral organs which can be demonstrated by means of biopsy or autopsy, or persistent 
candidemia located in a single visceral organ; D) Urinary tract candidiasis: Presence of at least 3 of the following 
symptoms: dysuria, pollakiuria, urinary urgency and suprapubic pain (lower UTI), or iliac fossa pain or fever (upper 
UTI), along with positive urine culture for Candida sp. of >103 CFU/ml. In asymptomatic patients, UTI is considered 
when 2 cultures of > 105 CFU/ml are recorded14.

Pneumocystosis: Presence of compatible signs and symptoms (fever, dyspnea, non-productive cough, asthe-
nia) which may or may not be accompanied by compatible findings in imaging tests (bilateral, interstitial and diffuse 
infiltrates) and are associated with one of the following criteria: A) Positive PCR for Pneumocystis jiroveci in sputum, 
bronchoalveolar lavage or lung biopsy samples; B) Positive methenamine-silver staining in sputum, bronchoalveolar 
lavage or lung biopsy; C) Positive immunofluorescent staining in sputum, bronchoalveolar lavage or lung biopsy15.

Nocardiosis: Presence of microbiological isolation by PCR, anatomic pathology specimen staining or culture, in 
association with compatible clinical form of pulmonary, central nervous system or systemic condition, or a condition 
affecting unusual sites (skin, bones, kidneys, joints, etc.)16.

Aspergillosis: Identification of the microorganism by blood culture, tissue culture, positive PCR or galactomannan 
antigen detection test, along with compatible clinical manifestations17.

Infective endocarditis (IE): Defined on the basis of the modified Duke criteria for IE18.
Septic arthritis: Presence of compatible clinical manifestations (joint pain, functional limitation and fever > 38.5 °C) 

and positive synovial fluid culture with inflammatory findings19.
Neutropenic fever: Presence of fever > 38°C, sustained for 1 hour, associated to neutrophil count of less than 

500 cells/mm3 or a neutrophil count that is expected to fall below 500 cells/mm3 within the next 48 hours20.
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