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Abstract

Background

Severe Strongyloides stercoralis infection in kidney transplant recipients is associated with
considerable morbidity and mortality, although little is known about the risk factors for such
infection.

Methodology/Principal findings

This was a retrospective, multicenter, case—control study in which we assessed the risk fac-
tors for and clinical outcomes of severe S. stercoralis infections in kidney transplant recipi-
ents in Brazil. We included 138 kidney transplant recipients: 46 cases and 92 controls.
Among the cases, the median number of days from transplantation to diagnosis was 117
(interquartile range [IQR], 73.5-965) and the most common clinical findings were gastroin-
testinal symptoms (in 78.3%) and respiratory symptoms (in 39.1%), whereas fever and
eosinophilia were seen in only 32.6% and 43.5%, respectively. The 30-day all-cause mortal-
ity among the cases was 28.3% overall and was significantly higher among the cases of
infection occurring within the first three months after transplantation (47% vs. 17.2%, P=
0.04). The independent risk factors were receiving a transplant from a deceased donor
(odds ratio [OR] = 6.16, 95% confidence interval [CI] = 2.05-18.5), a history of bacterial
infection (OR = 3.04, 95% CI = 1.2-7.5), and a cumulative corticosteroid dose (OR = 1.005,
95% Cl = 1.001-1.009). The independent predictors of mortality were respiratory failure

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007998 January 31, 2020

1/17


http://orcid.org/0000-0001-5263-7589
http://orcid.org/0000-0001-8751-9048
http://orcid.org/0000-0003-3059-5490
http://orcid.org/0000-0002-2795-6681
https://doi.org/10.1371/journal.pntd.0007998
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007998&domain=pdf&date_stamp=2020-02-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007998&domain=pdf&date_stamp=2020-02-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007998&domain=pdf&date_stamp=2020-02-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007998&domain=pdf&date_stamp=2020-02-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007998&domain=pdf&date_stamp=2020-02-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007998&domain=pdf&date_stamp=2020-02-12
https://doi.org/10.1371/journal.pntd.0007998
http://creativecommons.org/licenses/by/4.0/

@' PLOS NEGLECTED
2 : TROPICAL DISEASES Severe Strongyloides stercoralis infection in kidney transplant recipients

(OR =98.33, 95% Cl = 4.46—2169.77) and concomitant bacteremia (OR = 413.00, 95% Cl =
4.83-35316.61).

Conclusions/Significance

Severe S. stercoralis infections are associated with considerable morbidity and mortality
after kidney transplantation. In endemic areas, such infection may occur late after transplan-
tation, although it seems to be more severe when it occurs earlier after transplantation. Spe-
cific risk factors and clinical manifestations can identify patients at risk, who should receive
prophylaxis or early treatment.

Author summary

Strongyloides stercoralis is a soil-transmitted helminth found in tropical and subtropical
regions worldwide. Although infections are usually mild or asymptomatic, they can be
severe, with high mortality rates, in patients receiving immunosuppressive therapy,
including organ transplant recipients. It is therefore relevant for countries endemic for
infectious diseases such as strongyloidiasis to have a special focus on endemic diseases in
organ transplant recipients. In this study, we describe the risk factors for and clinical find-
ings of severe infection with S. stercoralis in kidney transplant recipients in Brazil. We ret-
rospectively collected data from the medical charts of kidney transplant recipients
diagnosed with severe strongyloidiasis, comparing them with those obtained for a control
group of kidney transplant recipients with similar characteristics and no signs of strongy-
loidiasis. Gastrointestinal and respiratory symptoms were common, and 30-day crude
mortality was 28.3% among the infected patients. Mortality was significantly higher when
infection occurred within the first three months after transplantation, and we identified
specific risk factors for S. stercoralis infection. Because there is little available information
about severe strongyloidiasis in kidney transplant recipients, we believe that specific risk
factors and clinical manifestations could identify patients at risk, who should receive pro-
phylaxis or early treatment.

Introduction

Infections due to the nematode Strongyloides stercoralis are endemic in many countries, and
the most recent data suggest more than 300,000,000 patients are affected worldwide [1]. In
Brazil, such infections are identified in 5.5-29.2% of the patients screened, depending on the
diagnostic methods employed [2].

Although the great majority of patients infected with S. stercoralis are asymptomatic or
have only a few, mild clinical symptoms, a small proportion of such patients present with
severe disease, manifesting either as hyperinfection syndrome or as disseminated disease [3,4].
Such infections mainly affect immunocompromised patients such as those on long-term corti-
costeroid therapy, those with AIDS, and organ transplant recipients [5,6]. Severe gastrointesti-
nal and respiratory symptoms are the main clinical manifestations, and the diagnosis is
typically delayed, resulting in high mortality [7,8].

Kidney transplant recipients are at risk for severe S. stercoralis infection because of the
intense immunosuppression to which they are subjected. Donor-transmitted strongyloidiasis
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has been well documented, and case series have reported mortality rates as high as 68% in
hyperinfection syndrome or disseminated disease [9-12]. However, because the data are gen-
erated mainly from case reports or single-center case series, the real impact of severe S. stercor-
alis infection is poorly understood, as are the risk factors for such infection and the associated
mortality.

The objective of the present study was to assess the clinical impact of severe S. stercoralis
infection in kidney transplant recipients in Brazil, as well as to identify the risk factors and
prognostic factors for such infection.

Methods
Ethics

The study was originally approved by the Research Ethics Committee of the Federal University
of Sdo Paulo, in the city of Sao Paulo, Brazil (Reference no. 1.009.570), subsequently being
approved by those of the other participating institutions. Because it was an observational retro-
spective study, the requirement for informed consent was waived. All of the researchers signed
a data use agreement protecting the confidentiality of the data.

Study population and study design

This was a retrospective case—control study conducted at six Brazilian kidney transplant cen-
ters located in three different Brazilian states: two in the southeastern region of the country
(Sao Paulo and Rio de Janeiro) and one in the northeastern region (Ceard). Data were collected
from 1999 to 2015. The case—control ratio was 1:2.

Cases were included on the basis of the following criteria: being a kidney or kidney—pan-
creas transplant recipient; being > 18 years of age; and having been diagnosed with severe S.
stercoralis infection—characterized by severe symptoms attributed exclusively to the S. stercor-
alis life cycle (intense respiratory, gastrointestinal, or other symptoms), together with the isola-
tion of S. stercoralis in sputum, tracheal aspirates, bronchoalveolar lavage fluid, duodenal
aspirate, stool samples, pulmonary biopsy samples, or gastrointestinal biopsy samples. None of
the patients included showed evidence of larvae in organs other than intestine and lungs. Due
to the retrospective nature of this study, we were not able to determine the occurrence of het-
erogeneous infection. Patients complaining of mild diarrhea or upper gastrointestinal symp-
toms were excluded if those symptoms were managed at outpatient facilities.

The selection criteria for the matching controls were as follows: having undergone trans-
plantation at the same center and + 40 days of the same date as the respective case; being of an
age * 20 years of that of the respective case; having a functioning graft at the time of diagnosis
of the respective case; showing no clinical or biochemical evidence of severe S. stercoralis infec-
tion after transplantation.

Cases were identified from discharge diagnosis codes and from the results of laboratory
tests for S. stercoralis. Transplant centers in Brazil do not routinely screen for S. stercoralis
infection before transplantation. During the study period, none of the participating centers
performed systematic surveillance for S. stercoralis infection after transplantation and severe
infections were managed at the discretion of the physicians involved.

Data collection

Data were collected directly from patient charts, as well as from the laboratory records, at each
center. Cytomegalovirus (CMV) infection was defined as outlined in the international consen-
sus guidelines on the management of CMV in solid-organ transplantation [13]. Previous viral,

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007998 January 31, 2020 3/17


https://doi.org/10.1371/journal.pntd.0007998

@' PLOS NEGLECTED
2 : TROPICAL DISEASES Severe Strongyloides stercoralis infection in kidney transplant recipients

bacterial, mycobacterial, parasitic, and fungal infections were defined on the basis of clinical
aspects and culture results (isolation of the agents from sterile sites) in medical charts and of
the treatment instituted by the attending physicians. Such infections were categorized as previ-
ous infections if they were diagnosed within the six months preceding the diagnosis of severe
S. stercoralis infection. Coinfection was defined as the occurrence of another infection (charac-
terized as above) immediately after the diagnosis of severe S. stercoralis infection. Graft loss
was defined as the need for chronic dialysis or surgical graft removal. Rejection treatment was
categorized as empirical or as histologically defined. Eosinophilia was defined as > 450 cells/ul
at the time of diagnosis of severe S. stercoralis infection [14]. Prophylaxis against S. stercoralis
infection was defined as the use of any anthelmintic, such as ivermectin, albendazole, or thia-
bendazole, at or immediately after transplantation. The cumulative corticosteroid dose was
defined as the sum of daily corticosteroid dose administered from transplantation until the
date of diagnosis of severe S. stercoralis infection per mean patient weight during the same
period (mg/kg of prednisone). Significant graft dysfunction was defined as an at least two-fold
increase in serum creatinine over the pre-admission levels (mean value of the last three mea-
sures). Delayed graft function was defined as the need for dialysis for up to 7 days after trans-
plantation. Early and late infection were defined as severe S. stercoralis infection occurring
within the first 90 days after transplantation and thereafter, respectively. The crude mortality
rate was defined as all-cause mortality within the first 30 days after diagnosis of severe S. ster-
coralis infection. Respiratory failure was defined as the need for mechanical ventilation follow-
ing the diagnosis of severe S. stercoralis infection. Induction therapy was defined as the use of
thymoglobulin immediately after transplantation.

Statistical analysis

Continuous variables are presented as mean and * standard deviation or as median and inter-
quartile range and were compared by the Mann-Whitney U test. Categorical variables, which
are presented as absolute and relative frequencies, were compared by Fisher’s exact test. To
analyze risk factors for severe S. stercoralis infection and for 30-day mortality, we performed
backward stepwise multivariate logistic regression. Variables with a P value < 0.10 in the uni-
variate analysis were included in the first step of the multivariate analysis. Because the cumula-
tive corticosteroid dose is a relevant variable, regarded as an independent risk factor in other
studies, it was included in the multivariate model irrespective of its P value in the univariate
analysis. We calculated odds ratios (ORs) and the respective 95% confidence intervals (CIs).
Patient survival was estimated by the Kaplan-Meier method, and the log-rank test was used in
order to compare differences in survival. All statistical analyses were performed using the IBM
SPSS Statistics software package, version 19.0 (IBM Corporation, Armonk, NY, USA) and the
program R, version 3.6.1 (R Development Core Team—www.r-project.org). Values of

P <0.05 were considered statistically significant.

Results

During the study period, 15,860 transplants were performed and a total of 53 patients were
diagnosed with S. stercoralis infection. Of those 53 patients, 46 (45 recipients of a kidney trans-
plant and one recipient of a kidney-pancreas transplant) met the criteria for severe S. stercora-
lis infection (an incidence of 0.29%) and were matched to 92 control patients. The main
clinical and epidemiological features of the 46 cases are shown in Table 1. Of those 46 patients,
36 (78.3%) had gastrointestinal symptoms, 18 (39.1%) had respiratory symptoms, and 20
(43.5%) had both. Notably, most of the patients complained of epigastric pain, which could
reflect a high burden of parasites damaging the intestinal mucosa or could be a clue for the
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Table 1. Clinical and biochemical data related to 46 kidney transplant recipients with severe Strongyloides stercor-
alis infection.

Characteristic Cases (n = 46)
Symptoms, n (%)
Gastrointestinal
Epigastric pain 36 (78.3)
Vomiting 29 (63)
Nausea 24 (52.2)
Loss of appetite 21 (45.7)
Diarrhea 21 (45.7)
Weight loss 18 (39.1)
Dyspepsia 16 (34.8)
Constipation 3(6.5)
Abdominal distension 2 (4.3)
Respiratory
Dyspnea 18 (39.1)
Cough 8(17.4)
Hemoptysis 4(8.7)
Bronchospasm 1(2.2)
Skin lesions, n (%) 5(10.9)
Fever, n (%) 15 (32.6)
Diagnosis, n (%)
Eosinophilia 20 (43.5)
Strongyloides stercoralis detection, n (%)
Gastric or duodenal biopsy 18 (39.1)
Feces 16 (34.8)
Respiratory samples 6(13.1)
Colonic biopsy 2 (4.3)
Treatment, n (%) 43 (93.5)
Ivermectin 35(81.4)
Combination therapy 25 (58.1)
Duration of treatment (days), median (IQR) 11 (7-20)
Hospital stay (days), median (IQR) 29.5(10.7-47.7)

IQR: interquartile range.

https://doi.org/10.1371/journal.pntd.0007998.t001

differential diagnosis with other intestinal complications after transplantation. Only 15
(32.6%) of the patients had fever, and 20 (43.5%) had eosinophilia. Among the patients with
eosinophilia, the median eosinophil count was 1304 cells/ul. We found it surprising that the
patients with eosinophilia had a median cumulative corticosteroid dose of 93.7 mg/kg, com-
pared with 58.2 mg/kg for those without eosinophilia (P = 0.1). The typical periumbilical
lesions, a possible key feature for a diagnosis of S. stercoralis infection, were found infrequently
in our sample.

Prophylaxis against S. stercoralis infection was employed in 28 (60.9%) and 37 (40.2%) of
the cases and controls, respectively (P = 0.8). None of the patients received prophylaxis with
ivermectin; prophylaxis with albendazole was administered in 26 (56.5%) of the cases and 34
(37.0%) of the controls; and prophylaxis with thiabendazole was administered in two (4.3%) of
the cases and three (3.3%) of the controls. In all of the patients, prophylaxis was administered
at the time of transplantation. Albendazole was administered at 400-800 mg/day for 1-7 days
(typically 400 mg/day for 5 days), and thiabendazole was administered at 1000 mg/day for
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Table 2. Comparison and univariate analysis of the cases receiving and not receiving prophylaxis against S. stercoralis infection, by clinical variables.

Variable Prophylaxis
Yes No

(n=28) (n=18)
Days from transplantation to infection, median (IQR) 182 (85-1492) 87.5 (62-173)
Deceased donor, n (%) 24 (85.7) 16 (88.9)
Cumulative corticosteroid dose (mg/kg), median (IQR) 73.6 (41.7-203.0) 67.5(27.7-117.2)
Death, n (%) 4(14.3) 9 (50.0)
Cytomegalovirus coinfection, n (%) 9 (32.1) 1(5.6)
Previous bacterial infection, n (%) 13 (46.4) 9 (50.0)
Septic shock, n (%) 7 (25.0) 3(16.7)
Gram-negative bacteremia, n (%) 0 4(22.2)
Respiratory failure, n (%) 8(28.6) 5(27.8)

CI: confidence interval.

https://doi.org/10.1371/journal.pntd.0007998.t002

OR (95% CI)

0.75 (0.12-4.59)

0.17 (0.04-0.68
8.05 (0.92-70.3
0.87 (0.27-2.84
1.67 (0.37-7.52

- [T =L

1.04 (0.28-3.88)

0.06
1.00
0.51
0.02
0.06
1.00
0.72
0.02
1.00

3-10 days (typically 1000 mg/day for 3 days). Among the cases, the use of prophylaxis against
S. stercoralis infection was associated with a delayed occurrence of infection (182 days vs. 87.5
days) and with a lower mortality rate (14% vs. 50%), as can be seen in Table 2.
The median time from transplantation to the diagnosis of S. stercoralis infection was 117
days (interquartile range, 73.5-965), 28 (60.9%) of the cases being diagnosed in the first 6
months after transplantation, five (10.9%) being diagnosed between 6 months and one year
after transplantation, and 13 (28.3%) being diagnosed thereafter (Fig 1).
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Fig 1. Temporal distribution of severe Strongyloides stercoralis infection after kidney transplantation.

https://doi.org/10.1371/journal.pntd.0007998.9001
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Treatment for infection with S. stercoralis was administered in 43 of the 46 cases; in the

three remaining cases, the diagnosis was made post mortem. In contrast with the choice of
drugs used for prophylaxis, ivermectin, either as monotherapy or in combination with other
drugs, was used for the treatment of severe infection in more than 80% of the cases. It is note-
worthy that nearly 60% of the patients diagnosed with severe infection with S. stercoralis were
treated with a combination of drugs, typically ivermectin and albendazole.

Strongyloides stercoralis was isolated mainly from gastrointestinal specimens. Diagnostic
techniques for identifying parasites in stool specimens were employed in 16 (34.8%) of the 46
cases: the Hoffman-Pons-Janer technique was employed at three centers; the Baermann con-

centration technique was employed at one center; and Rugai method was employed at two
centers. In most cases, it was necessary to use an invasive method to diagnose S. stercoralis
infection, probably reflecting a low rate of suspicion or the poor diagnostic yield of stool cul-

tures. Gastric or duodenal biopsy samples were used in 18 (39.1%) of the cases, and colonic
biopsy samples were used in two (4.3%). Pulmonary samples, such as sputum, bronchoalveolar

lavage fluid and tracheal aspirate, were used in six cases (13.1%).

Table 3 summarizes the clinical complications associated with severe S. stercoralis infection.
Respiratory failure occurred in 13 (28.3%) of the cases; septic shock (which could also be con-
sidered a consequence of disease progression and worsening) occurred in ten (21.7%); and

infection with gram-negative bacilli occurred in five (10.9%), resulting in bacteremia in four
and meningitis in one. The 30-day all-cause mortality rate was high (28.3%). Notably, coinfec-
tion with CMV occurred in 10 cases (21.7%). When censored for death, definitive graft loss
did not occur in any of the cases, although significant graft dysfunction occurred in 15.2%.

To determine whether S. stercoralis infection occurring early after transplantation has a dif-
ferent clinical course than does that occurring later, we compared cases occurring before and

after post-transplantation month 3 (Table 4). Although the groups were comparable in terms

Table 3. Complications and clinical outcomes of severe Strongyloides stercoralis infection in kidney transplant

recipients.

Events

Complications
Respiratory failure
Septic shock
Gram-negative bacillary infections
Bacteremia
Meningitis
Gastrointestinal bleeding
Paralytic ileus
Malabsorption
Outcome
Death
Significant graft dysfunction
Coinfection
Cytomegalovirus
Oral or esophageal candidiasis
Herpetic esophagitis
Pulmonary tuberculosis

https://doi.org/10.1371/journal.pntd.0007998.t003

Cases
(N =46)
n (%)

13 (28.3)
10 (21.7)

4(8.7)
1(2.2)
2(4.3)
2 (4.3)
1(2.2)

13 (28.3)
7 (15.2)
12 (26.1)
10 (21.7)
4(8.7)
1(2.2)
1(2.2)
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Table 4. Comparison and univariate analysis of early and late severe Strongyloides stercoralis infection, by clinical and demographic characteristics.

Characteristic Early infection Late infection Univariate analysis
(n=17) (n=29) OR (95% CI) P

Age (years), mean (+SD) 49.3 (£13.6) 48 (£14.1) 0.99 (0.95-1.04) 0.76
Male, n (%) 10 (58.8) 18 (62.1) 1.15 (0.34-3.89) 1.00
Race, n (%)

White 8 (50.0)1 16 (55.2) - 0.19

Mixed 2(12.5)" 8 (27.6) -

Black 6 (37.5) 5(17.2) -
Months on dialysis before transplantation, median (IQR) 39 (36-60) 48 (17-91) 1(0.98-1.02) 0.76
Days from admission to diagnosis, median (IQR) 5(3-11) 6 (2-11) 1.005 (0.96-1.05) 0.87
Deceased donor, n (%) 16 (94.1) 24 (82.8) 0.3 (0.03-2.81) 0.39
Induction therapy, n (%) 12 (70.6) 17 (58.6) 0.59 (0.16-2.12) 0.53
Delayed graft function, n (%) 12 (70.6) 18 (62.1) 0.68 (0.19-2.46) 0.75
Graft rejection, n (%) 5(29.4) 8(27.6) 0.91 (0.24-3.43) 1.00
Prophylaxis, n (%) 8 (47.0) 20 (69.0) 2.5 (0.73-8.6) 0.21
Complications, n (%)

Respiratory failure 8 (47.0) 5(17.2) 0.23 (0.06-0.91) 0.04

Septic shock 6(35.3) 4(13.8) 0.29 (0.07-1.25) 0.14

Gram-negative bacteremia 2(11.8) 2(6.9) 0.56 (0.07-4.35) 0.62
Outcome, n (%)

Death 8(47.0) 5(17.2) 0.23 (0.06-0.91) 0.04

Significant graft dysfunction 2(11.8) 5(17.2) 1.56 (0.27-9.1) 1.00
Coinfection, n (%)

Cytomegalovirus 6 (35.3) 4(13.8) 0.29 (0.07-1.25) 0.14

Oral or esophageal candidiasis 3(17.6) 1(3.4) 0.17 (0.02-1.75) 0.14

Herpetic esophagitis 1(5.9) 0 - 0.37

Pulmonary tuberculosis 0 1(3.4) - 1

'n=16.

https://doi.org/10.1371/journal.pntd.0007998.t1004

of the major epidemiologic features (including donor features, use of induction therapy, treat-
ment of rejection, and delayed graft function), respiratory failure was significantly more com-
mon in early infection than in late infection, as was 30-day all-cause mortality.

The univariate analysis of risk factors for severe S. stercoralis infection is summarized in
Table 5. In the multivariate analysis, receiving a graft from a deceased donor, a cumulative
dose of corticosteroids, and previous bacterial infection were independently associated with
the development of severe S. stercoralis infection. In our sample, there were 44 previous bacte-
rial infections that had been treated with antibiotics, all occurring at least six months before
the diagnosis of severe S. stercoralis infection Of those, 28 (63.7%) were urinary tract infec-
tions, nine (20.5%) were respiratory infections, five (11.3%) were infections of the skin or soft
tissue, and two (4.5%) were bacteremia. The use of cyclosporine and a previous fungal infec-
tion were marginally significant (Table 5).

The estimated probability of survival was significantly lower for the cases than for the con-
trols (P < 0.001; Fig 2). Table 6 presents the univariate and multivariate analysis of risk factors
associated with 30-day all-cause mortality among the 43 treated cases of severe S. stercoralis
infection. Respiratory failure was independently associated with 30-day mortality (OR = 98.33,
95% CI = 4.46-2169.77, P = 0.004), as was gram-negative bacteremia (OR = 413, 95%

CI =4.83-35316.61, P = 0.008). In the univariate analysis, the use of any kind of prophylaxis
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Table 5. Univariate and multivariate analyses for risk factors for severe Strongyloides stercoralis infection.

Variable

Age (years), mean (+ SD)
Male, n (%)
Race, n (%)

White

Mixed

Black

Months on dialysis before transplantation, median (IQR)

Deceased donor, n (%)
Prophylaxis, n (%)
Induction therapy, n (%)
Delayed graft function, n (%)
Graft rejection, n (%)
Immunosuppressants, n (%)
Tacrolimus
Cyclosporine
Mycophenolate sodium/mofetil
Azathioprine

Everolimus/Sirolimus

Cumulative corticosteroid dose (mg/kg), median (IQR)

Previous cytomegalovirus infection, n (%)
Other previous viral infection, n (%)
Previous mycobacterial infection, n (%)
Previous fungal infection, n (%)

Previous bacterial infection, n (%)

Previous protozoan infection, n (%)

'h=45
2n =89

https://doi.org/10.1371/journal.pntd.0007998.t005

Cases Controls Univariate analysis Multivariate analysis
(n = 46) (n=92) OR (95% CI) P OR (95% CI) P
48.48 (+13.77) 46.25 (£11.79) 1.01 (0.98-1.04) 0.32
28 (60.9) 61 (66.3) 0.8 (0.4-1.6) 0.57
24(53.3)! 48 (53.9)° 1
10 (22.2)" 27 (30.3) 0.7 (0.3-1.8) 0.4
11 (24.4)" 14 (15.7) 1.6 (0.6-4.0)
42.5(27-91) 35 (17-60) 1.01 (1.00-1.02) 0.07
40 (87) 44 (47.8) 7.3(2.8-18.8) <0.001 | 6.16(2.05-18.5) | 0.001
28 (60.9) 37 (40.2) 2.3 (1.1-4.8) 0.03
18 (39.1) 18 (19.6) 2.6 (1.2-5.8) 0.02
30 (65.2) 29 (31.5) 4.1 (1.9-8.6) < 0.001
13 (28.3) 13 (14.1) 2.4 (1.0-5.7) 0.06
34 (73.9) 63 (68.5) 1.3 (0.6-2.9) 0.56
0 (0) 19 (20.7) - <0.001 | 0.02(0.0005-1.03) | 0.05
32 (69.6) 66 (71.7) 0.9 (0.4-1.9) 0.8
3(6.5) 13 (14.1) 0.4 (0.1-1.6) 0.26
12 (26.1) 15 (16.3) 1.8 (0.8-4.3) 0.18
73.32 (40.93-157.46) | 65.23 (32.05-155.28) | 1.001 (0.998-1.003) | 0.53 | 1.005 (1.001-1.009) | 0.008
15 (32.6) 16 (17.4) 2.3 (1.0-5.2) 0.053
6 (13) 8(8.7) 1.6 (0.5-4.8) 0.5
1(22) 1(1.1) 2.0 (0.1-33.1) 1.00
6 (13) 3(3.3) 4.4(1.1-18.7) 0.06 | 5.63(0.98-32.19) | 0.05
22 (47.8) 17 (18.5) 4.0 (1.8-8.8) 0.001 3.04(1.2-7.5) | 0.015
0 (0) 1(1.1) - 1

against S. stercoralis infection was found to be a protective factor (OR = 0.2; 95% CI = 0.03-
0.76; P = 0.024), although it did not remain significant in the multivariate analysis.

Discussion

Strongyloidiasis is endemic in low- and middle-income countries, potentially causing severe
morbidity and death in organ transplant recipients [15,16]. To our knowledge, this is the first
multicenter study to assess risk factors for severe S. stercoralis infections and the predictors of
mortality associated with this complication in kidney transplant recipients.

There is no strict criterion for the diagnosis of severe S. stercoralis infection. Some authors
use the term hyperinfection syndrome, meaning enhancement of symptoms related to an
increased worm burden attributed to an accelerated autoinfection cycle. Other criteria include
isolation of worms outside of the organs in which they usually complete their life cycle. In the
present study, we opted to focus on clinical symptoms rather than identifying any specific form
of the disease. Clinical and parasitological diagnostic terminology and commonly adopted
study models are not concerned with identifying such forms. Grouping cases within the severe
definition facilitates data collection and communication, as well as facilitating the differentia-
tion and exclusion of mild infections [5,7,12]. Irrespective of the diagnostic terminology, the
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Fig 2. One-year survival curves for patients with and without a diagnosis of severe Strongyloides stercoralis infection
after solid organ transplantation (cases and controls, respectively).

https://doi.org/10.1371/journal.pntd.0007998.9002

diagnosis of severe S. stercoralis infection is frequently delayed due to the lack of specificity of
clinical symptoms [17,18]. In the present study, we have shown interesting elements to increase
the level of suspicion. Similar to what has been reported previously [22], clinical manifestations
that were suggestive of the diagnosis were mainly gastrointestinal complaints, and the level of
suspicion was increased when gastrointestinal symptoms were accompanied by respiratory
symptoms. The absence of fever and eosinophilia should not rule out the diagnosis.

Previous studies of parasitic infections in solid organ transplant recipients have focused on
severe disease occurring early after transplantation, usually as a result of donor-transmitted
infection or early reactivation of intestinal worms [19-21]. In our study, infection was diag-
nosed within the first three months after transplantation in 36.9% of the cases, whereas it was
diagnosed more than one year after transplantation in 28.3%. The cases occurring later were
probably due to persistent community exposure after hospital discharge, which suggests de
novo infection, reinfection, or reactivation of latent infection. Therefore, it should be borne in
mind that severe S. stercoralis infection can occur long after transplantation, which could have
an impact on prophylaxis practices.

Mortality associated with S. stercoralis infection has declined in recent decades, from rates
as high as 50% to rates as low as 28% [19,23], similar to that observed in the present study.
That decrease can probably be explained by greater awareness on the part of clinicians, attrib-
utable to clinical experience as well as to increased numbers of published articles on the topic,
both of which have facilitated the identification of severe S. stercoralis infection and have
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Table 6. Univariate and multivariate analysis of risk factors for 30-day mortality among treated patients with severe Strongyloides stercoralis infection.

Age (years), mean (+SD)
Male, n (%)
Race, n (%)
White
Mixed
Brown
Prophylaxis, n (%)
Days from transplantation to infection, median (IQR)
Days from admission to diagnosis, median (IQR)
Deceased donor, n (%)
Induction therapy, n (%)
Mean daily dose of prednisone (mg), median (IQR)
Eosinophilia, n (%)
Septic shock, n (%)
Gram-negative bacteremia, n (%)
Respiratory failure, n (%)
Significant graft dysfunction, n (%)
Treatment, n (%)
Monotherapy
Combination therapy

Ivermectin (as monotherapy or in combination)

'n=9

% reference category < 180 days.

https://doi.org/10.1371/journal.pntd.0007998.t006

Survivors
(n=33)
47.24 (+14.83)
18 (54.5)

19 (57.6)
6(18.2)
8 (24.2)

24 (72.7)
173 (88-1518)
6 (3-11)
27 (81.8)
20 (60.6)
19.95 (9.38-43.7)
16 (48.5)
4(12.1)

0
4(12.1)
2(6.1)

15 (45.4)
18 (54.5)
28 (84.85)

Nonsurvivors
(n=10)
50.7 (£11.6)
7 (70)

4 (44.4)
4 (44.4)"
1(11.1)"
3 (30)
78 (60-120)
7.5 (5-22)
10 (100)
7 (70)
38.2 (25.1-60.7)
4 (40)
4 (40)
3 (30)
7 (70)
5 (50)

3(30)
7 (70)
7 (70)

Univariate analysis

OR (95% CI)
1.02 (0.97-1.07)
1.9 (0.4-8.9)

1
3.17 (0.6-16.7)
0.6 (0.06-6.2)
0.2 (0.03-0.76)
3.8 (0.7-20.5)*
1.09 (1-1.2)

1.5 (0.33-6.95)
1.03 (1.00-1.06)
0.71 (0.17-2.98)

4.83 (0.94-24.95)

16.92 (3.06-93.48)
15.5 (2.34-102.85)

1
1.94 (0.43-8.86)
0.42 (0.08-2.18)

P
0.50
0.48
0.31

0.024

0.01
0.3

0.31
0.72
0.02
0.73
0.07
0.01

0.001

0.004

0.48

0.36

Multivariate analysis
OR (95% CI) P

413.00 (4.83-35316.61)
98.33 (4.46-2169.77)

0.008
0.004

improved its management. Despite that decline, crude mortality rates are still unacceptably
high. Clinical complications related to the progression of severe S. stercoralis infection can

worsen the prognosis, as was evidenced in our sample. We found gram-negative bacteremia

and respiratory failure to be independent predictors of mortality, as has been shown in previ-
ous studies [7,24]. Certainly, delayed treatment as a result of late diagnosis can lead to clinical
complications. Among our cases, the median time from hospital admission to diagnosis was
relatively short and did not differ significantly between the survivors and nonsurvivors (6 days
vs. 7.5 days). However, we were unable to collect data on the time from the onset of clinical
symptoms to diagnosis, given that many mild manifestations might have been present before

hospital admission.

Coinfection with CMV occurred in approximately one quarter of our cases, which is in
keeping with the findings of previous studies [9,25,26]. It is possible that the patients were so
immunosuppressed that a latent CMV infection was reactivated. Alternatively, CMV infection
could have been reactivated due to the intense pro-inflammatory state generated by severe
S. stercoralis infection, similarly to what has been reported in critically ill patients [27,28].
Because symptoms may overlap, our findings suggest that active surveillance for CMV infec-
tion in the course of severe S. stercoralis infection should be mandatory.

In the present study, we have identified specific risk factors for severe S. stercoralis infection.
Recipients of deceased donor transplants are submitted to more intense immunosuppression

due to a higher risk of graft rejection. The association between a high cumulative corticoste-
roid dose and such infection is well documented. Corticosteroids reduce the total count of
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eosinophils, which play a relevant role as antigen-presenting cells in the immune response to
helminths. In addition, corticosteroids may play a role in promoting the transition of S. ster-
coralis larvae from the rhabditiform stage to the filariform stage, thus increasing the rate of
intestinal autoinfection [15,29-33]. On the basis of our data, a cumulative dose of 5 g of pred-
nisone per 70 kg of body weight could be used as a cutoff value for risk estimation. On interest-
ing finding of the present study is that previous bacterial infections were independently
associated with severe S. stercoralis infection. It is possible that previous antibiotic use alters
the gut microbiome and increases the rate of local S. stercoralis replication and reinfection,
although this hypothesis should be confirmed in specific studies. Alternatively, previous bacte-
rial infections could indicate a higher degree of immunosuppression.

It has been proposed that prophylaxis against S. stercoralis infection should be used in order
to decrease the risk of severe S. stercoralis infection, because there is some evidence that it is
protective, although its benefit has not been tested in clinical trials [7,19,34-36]. In the present
study, we found no protective effect of such prophylaxis, even regarding infection occurring
within the first three months after transplantation. That might be due to the use of prophylac-
tic agents other than ivermectin, which could have affected our results, given that earlier stud-
ies and a recent meta-analysis have shown the superiority of ivermectin over albendazole in S.
stercoralis eradication in stool specimens [37]. However, our analysis of risk factors for mortal-
ity showed a protective role of prophylaxis in the univariate model. Although that could be
explained by a lower parasite burden at the time of infection, it should be explored in larger
studies. In addition, despite the fact that less effective drugs were employed, mortality was
lower among the cases in which prophylaxis was administered, probably because it avoided
early infection. Prophylaxis is usually employed at the time of transplantation to prevent
donor-transmitted infection. Here, we have shown that, in Brazil, a country with high rates of
community transmission of S. stercoralis, a considerable proportion of kidney transplant recip-
ients develop severe S. stercoralis infection late after transplantation, suggesting either that pro-
phylaxis should be repeated periodically after transplantation or appropriate surveillance
should be conducted for the identification and treatment of infected patients [38]. Although
we found no beneficial effect of prophylaxis, its administration early after transplantation,
preferably with ivermectin, is a valid recommendation, given that anthelmintic treatment is
safe and might reduce mortality.

We found that severe S. stercoralis infection occurring within the first three months after
transplantation has a more critical clinical course, with a significantly higher rate of respiratory
failure and a significantly higher 30-day mortality rate. This three-month cutoff point was cho-
sen arbitrarily in an attempt to differentiate disease due to donor-transmitted infection or
early reactivation of latent infection from that due to late reactivation or community acquisi-
tion, although an overlap cannot be ruled out. There are two possible explanations for the
more critical clinical course. First, donor-transmitted infection might occur in the context of a
higher parasite burden, S. stercoralis larvae seeding directly into the bloodstream. The second
possibility is that the disease manifests in a period of more intense immunosuppression, suffi-
cient to increase the larval burden.

Our study has some limitations. First, the retrospective nature precluded the real-time
assessment of infection/disease. As a result, the true incidence of severe S. stercoralis infection
might have been underestimated. Second, we were unable to collect data on the human T-lym-
photropic virus (HTLV) infection status of the recipients, a variable that has been shown to
affect the clinical course of S. stercoralis infection [39,40]. Such information is not systemati-
cally collected for transplant recipients in Brazil. Although the actual prevalence of HTLV
infection after kidney transplantation is unknown, many studies have found low rates of
HTLV seropositivity in transplant recipients [39,40]. Although there have been some reports
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of myelopathy after donor-transmitted infection, it seems that the clinical course of infection
in recipients testing positive for HTLV prior to transplantation is benign even under immuno-
suppression [39,40]. In addition, there have been no reports of an association between HTLV
and strongyloidiasis in transplant recipients, although most studies of the topic have been con-
ducted in countries with a low prevalence of strongyloidiasis [39,40]. Finally, we had no access
to data on donor or recipient screening for S. stercoralis infection before transplantation.
Given that S. stercoralis infection rates in Brazil are reported to be as high as 29% [2] and that
diagnostic tests (serology and stool evaluation) are often unavailable or have limitations, as
well as that anthelmintic drugs are affordable, have low toxicity, and are widely available, trans-
plant centers in Brazil usually take it for granted that infection is present before transplanta-
tion. Therefore, the current practice is either to provide prophylaxis for recipients or to treat
apparent infection. Screening for strongyloidiasis in donors and recipients is not an easy task.
Antibody detection methods, stool evaluation, and more recently polymerase chain reaction
techniques are available for diagnosis. Major limitations are the low specificity of antibody
detection methods, the low sensitivity of stool evaluation, and the limited experience with, as
well as the lack of methodological standardization of polymerase chain reaction. Due to time
constraints and the limited availability of laboratory screening tests, the donor is rarely
screened. One recent study of 58 organ procurement organizations in the United States
showed that only 10% screened donors for strongyloidiasis [41]. However, a beneficial effect of
screening was reported in a single-center study conducted by Camargo et al. [42], who
reported that 14% of organs obtained from deceased donors were seropositive for S. stercoralis.
In that study, all recipients received prophylaxis with ivermectin and remained free from
strongyloidiasis throughout the study follow-up period [42]. The screening of transplant recip-
ients could reduce the unnecessary use of ivermectin. Although antibody detection methods
lack specificity for S. stercoralis infection (a major concern in low- and middle-income coun-
tries where other helminth infections are prevalent), such tests could be useful because of their
high negative predictive value [43]. In our study, it was difficult to confirm donor-transmitted
infection because there was no pre-transplant screening. However, because donor-transmitted
infection usually leads to early occurrence of disease, we think the great majority of such infec-
tions are represented in our group of patients in whom severe S. stercoralis infection occurred
within the first three months after transplantation.

Conclusions

We have shown that severe S. stercoralis infection is still a relevant issue in kidney transplanta-
tion, with significant morbidity and mortality, especially when it occurs early after transplanta-
tion. Some of our findings could be translated to clinical practice to improve outcomes of
severe S. stercoralis infection. For example, the early diagnosis of severe S. stercoralis infection
can be improved on the basis of clinical suspicion. Abdominal distension with epigastric pain
in the absence of a surgical condition, especially if accompanied by respiratory symptoms,
should raise the suspicion of severe S. stercoralis infection. Fever and eosinophilia may not
always be present, and their absence should not be used to rule out severe S. stercoralis infec-
tion. In addition, given the limitations of current diagnostic methods, invasive methods should
be employed if necessary in order to make a proper diagnosis. Furthermore, after the establish-
ment of severe S. stercoralis infection, active surveillance for infection with CMV and gram-
negative bacilli should be performed and empirical antibiotic coverage for gram-negative
bacilli could be employed. Moreover, knowledge of risk factors such as previous bacterial
infections, high cumulative corticosteroid use (more than 5g for a 70-kg patient) and receiving
a graft from a deceased donor could be used to strengthen the suspicion of severe S. stercoralis
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infection. In endemic regions, severe S. stercoralis infection can occur late after transplanta-
tion. Diagnostic and prophylactic strategies should take that into account. The risk of de novo
infection warrants either periodic prophylaxis or diagnostic screening. Finally, S. stercoralis
prophylaxis may have an impact on mortality, probably by delaying disease occurrence, and
should be employed in patients deemed to be at risk for infection.

Supporting information

S1 Checklist. STROBE checklist.
(DOC)

Acknowledgments

The authors are indebted to Gabriela Clarizia and Patricia Rubio Souto for their assistance in
the data collection process.

Author Contributions

Conceptualization: Lisia Miglioli-Galvéo, José Osmar Medina Pestana, Guilherme Lopes-San-
toro, Renato Torres Gongalves, Lucio R. Requiio Moura, Alvaro Pacheco Silva, Ligia Cam-
era Pierrotti, Elias David Neto, Evelyne Santana Girado, Claudia Maria Costa de Oliveira,
Cely Saad Abboud, Jodo [talo Dias Franga, Carolina Devite Bittante, Luci Corréa, Luis Fer-
nando Aranha Camargo.

Data curation: Lisia Miglioli-Galvdo, Guilherme Lopes-Santoro, Lucio R. Requido Moura,
Ligia Camera Pierrotti, Evelyne Santana Girao, Jodo ftalo Dias Franga, Carolina Devite Bit-
tante, Luci Corréa, Luis Fernando Aranha Camargo.

Formal analysis: Lisia Miglioli-Galvao, Guilherme Lopes-Santoro, Renato Torres Gongalves,
Licio R. Requido Moura, Alvaro Pacheco Silva, Ligia Camera Pierrotti, Elias David Neto,
Evelyne Santana Girio, Cely Saad Abboud, Jodo Italo Dias Franga, Carolina Devite Bittante,
Luci Corréa, Luis Fernando Aranha Camargo.

Investigation: Lisia Miglioli-Galvao, Guilherme Lopes-Santoro, Lucio R. Requido Moura,
Alvaro Pacheco Silva, Ligia Camera Pierrotti, Evelyne Santana Girdo, Claudia Maria Costa
de Oliveira, Carolina Devite Bittante, Luci Corréa, Luis Fernando Aranha Camargo.

Methodology: Lisia Miglioli-Galvao, José Osmar Medina Pestana, Guilherme Lopes-Santoro,
Renato Torres Gongalves, Liicio R. Requido Moura, Alvaro Pacheco Silva, Ligia Camera
Pierrotti, Evelyne Santana Girao, Claudia Maria Costa de Oliveira, Cely Saad Abboud, Jodo
Italo Dias Franga, Luci Corréa, Luis Fernando Aranha Camargo.

Project administration: Lisia Miglioli-Galvao, Luis Fernando Aranha Camargo.
Supervision: Luis Fernando Aranha Camargo.

Validation: Alvaro Pacheco Silva, Ligia Camera Pierrotti, Evelyne Santana Girdo, Claudia
Maria Costa de Oliveira, Cely Saad Abboud, Jodo Italo Dias Franga, Carolina Devite Bit-
tante, Luci Corréa, Luis Fernando Aranha Camargo.

Visualization: Lisia Miglioli-Galvdo, Guilherme Lopes-Santoro, Elias David Neto, Evelyne
Santana Girdo, Carolina Devite Bittante, Luci Corréa, Luis Fernando Aranha Camargo.

Writing - original draft: Lisia Miglioli-Galvao, Guilherme Lopes-Santoro, Renato Torres
Gongalves, Lucio R. Requido Moura, Ligia Camera Pierrotti, Evelyne Santana Giréo,

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007998 January 31, 2020 14/17


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0007998.s001
https://doi.org/10.1371/journal.pntd.0007998

@ PLOS | RSHCAE Biseases

Severe Strongyloides stercoralis infection in kidney transplant recipients

Claudia Maria Costa de Oliveira, Cely Saad Abboud, Jodo [talo Dias Franga, Luci Corréa,
Luis Fernando Aranha Camargo.

Writing - review & editing: Lisia Miglioli-Galvio, José Osmar Medina Pestana, Guilherme

Lopes-Santoro, Renato Torres Gongalves, Lucio R. Requido Moura, Ligia Camera Pierrotti,
Elias David Neto, Evelyne Santana Girao, Claudia Maria Costa de Oliveira, Cely Saad
Abboud, Luis Fernando Aranha Camargo.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Bisoffi Z, Buonfrate D, Montresor A, Requena-Méndez A, Mufioz J, Krolewiecki AJ, et al. Strongyloides
stercoralis: a plea for action. PLOS Negl Trop Dis 2013; 9; 7 (5):e2214. https://doi.org/10.1371/journal.
pntd.0002214 PMID: 23675546

Paula FM, Costa-Cruz JM. Epidemiological aspects of strongyloidiasis in Brazil. Parasitology 2011; 138
(11):1331-40. https://doi.org/10.1017/S003118201100120X PMID: 21810305

Liu LX, Weller PF. Strongyloidiasis and other intestinal nematode infections. Infect Dis Clin North Am
1993; 7 (3):655-82. PMID: 8254165

Siddiqui AA, Berk SL. Diagnosis of Strongyloides stercoralis infection. Clin Infect Dis 2001; 33
(7):1040-7. https://doi.org/10.1086/322707 PMID: 11528578

Mejia R, Nutman TB. Screening, prevention, and treatment for hyperinfection syndrome and dissemi-
nated infections caused by Strongyloides stercoralis. Curr Opin Infect Dis. 2012 Aug; 25 (4):458-63.
https://doi.org/10.1097/QCO.0b013e3283551dbd PMID: 22691685

Miller MA, Church LW, Salgado CD. Strongyloides hyperinfection: a treatment dilemma. Am J Med Sci
2008; 336 (4):358-61. https://doi.org/10.1097/MAJ.0b013e31815cff89 PMID: 18854683

Keiser PB, Nutman TB. Strongyloides stercoralis in the Inmunocompromised Population. Clin Microbiol
Rev 2004; 17 (1):208-17. https://doi.org/10.1128/CMR.17.1.208-217.2004 PMID: 14726461

Balagopal A, Mills L, Shah A, Subramanian A. Detection and treatment of Strongyloides hyperinfection
syndrome following lung transplantation. Transpl Infect Dis 2009; 11 (2):149-54. https://doi.org/10.
1111/.1399-3062.2009.00375.x PMID: 19302281

Hoy WE, Roberts NJ Jr, Bryson MF, Bowles C, Lee JCK, Rivero AJ, et al. Transmission of strongyloidia-
sis by kidney transplant? Disseminated strongyloidiasis in both recipients of kidney allografts from a sin-
gle cadaver donor. JAMA 1981; 23-30; 246 (17):1937-9. PMID: 7026811

Hamilton KW, Abt PL, Rosenbach MA, Bleicher MB, Levine MS, Mehta J, et al. Donor-derived Strongy-
loides stercoralis infections in renal transplant recipients. Transplantation 2011; 15; 91 (9):1019-24.
https://doi.org/10.1097/TP.0b013e3182115b7b PMID: 21358367

Transmission of Strongyloides stercoralis through transplantation of solid organs—Pennsylvania, 2012.
MMWR Morb Mortal Wkly Rep 2013; 12; 62 (14):264—6. PMID: 23575239

Buonfrate D, Requena-Mendez A, Angheben A, Mufioz J, Gobbi Federico, Ende JVD, et al. Severe
strongyloidiasis: a systematic review of case reports. BMC Infect Dis 2013; 8; 13:78. https://doi.org/10.
1186/1471-2334-13-78 PMID: 23394259

Kotton CN, Kumar D, Caliendo AM, Asberg A, Chou S, Danziger-Isakov L, et al. Updated international
consensus guidelines on the management of cytomegalovirus in solid-organ transplantation. Trans-
plantation 2013; 96 (4):333-60. https://doi.org/10.1097/TP.0b013e31829df29d PMID: 23896556

Mejia R, Nutman TB. Evaluation and differential diagnosis of marked, persistent eosinophilia. Semin
Hematol 2012; 49 (2):149-59. https://doi.org/10.1053/j.seminhematol.2012.01.006 PMID: 22449625

Genta RM. Global prevalence of strongyloidiasis: critical review with epidemiologic insights into the pre-
vention of disseminated disease. Rev Infect Dis 1989; 11 (5):755—-67. https://doi.org/10.1093/clinids/
11.5.755 PMID: 2682948

Puthiyakunnon S, Boddu S, Li Y, Zhou X, Wang C, Li J, et al. Strongyloidiasis—an insight into its global
prevalence and management. PLoS Negl Trop Dis 2014. 8 (8):e3018. https://doi.org/10.1371/journal.
pntd.0003018 PMID: 25121962

Batista MV, Pierrotti LC, Abdala E, Clemente WT, Girdo ES, Rosa DRT, et al. Endemic and opportunis-
tic infections in Brazilian solid organ transplant recipients. Trop Med Int Health 2011, 16 (9):1134—42.
https://doi.org/10.1111/j.1365-3156.2011.02816.x PMID: 21692958

Valar C, Keitel E, Dal Pra RL, Gnatta D, Santos AF, Bianco PD, et al. Parasitic infection in renal trans-
plant recipients. Transplant Proc 2007; 39 (2): p. 460-2. https://doi.org/10.1016/j.transproceed.2007.
01.025 PMID: 17362759

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007998 January 31, 2020 15/17


https://doi.org/10.1371/journal.pntd.0002214
https://doi.org/10.1371/journal.pntd.0002214
http://www.ncbi.nlm.nih.gov/pubmed/23675546
https://doi.org/10.1017/S003118201100120X
http://www.ncbi.nlm.nih.gov/pubmed/21810305
http://www.ncbi.nlm.nih.gov/pubmed/8254165
https://doi.org/10.1086/322707
http://www.ncbi.nlm.nih.gov/pubmed/11528578
https://doi.org/10.1097/QCO.0b013e3283551dbd
http://www.ncbi.nlm.nih.gov/pubmed/22691685
https://doi.org/10.1097/MAJ.0b013e31815cff89
http://www.ncbi.nlm.nih.gov/pubmed/18854683
https://doi.org/10.1128/CMR.17.1.208-217.2004
http://www.ncbi.nlm.nih.gov/pubmed/14726461
https://doi.org/10.1111/j.1399-3062.2009.00375.x
https://doi.org/10.1111/j.1399-3062.2009.00375.x
http://www.ncbi.nlm.nih.gov/pubmed/19302281
http://www.ncbi.nlm.nih.gov/pubmed/7026811
https://doi.org/10.1097/TP.0b013e3182115b7b
http://www.ncbi.nlm.nih.gov/pubmed/21358367
http://www.ncbi.nlm.nih.gov/pubmed/23575239
https://doi.org/10.1186/1471-2334-13-78
https://doi.org/10.1186/1471-2334-13-78
http://www.ncbi.nlm.nih.gov/pubmed/23394259
https://doi.org/10.1097/TP.0b013e31829df29d
http://www.ncbi.nlm.nih.gov/pubmed/23896556
https://doi.org/10.1053/j.seminhematol.2012.01.006
http://www.ncbi.nlm.nih.gov/pubmed/22449625
https://doi.org/10.1093/clinids/11.5.755
https://doi.org/10.1093/clinids/11.5.755
http://www.ncbi.nlm.nih.gov/pubmed/2682948
https://doi.org/10.1371/journal.pntd.0003018
https://doi.org/10.1371/journal.pntd.0003018
http://www.ncbi.nlm.nih.gov/pubmed/25121962
https://doi.org/10.1111/j.1365-3156.2011.02816.x
http://www.ncbi.nlm.nih.gov/pubmed/21692958
https://doi.org/10.1016/j.transproceed.2007.01.025
https://doi.org/10.1016/j.transproceed.2007.01.025
http://www.ncbi.nlm.nih.gov/pubmed/17362759
https://doi.org/10.1371/journal.pntd.0007998

@ PLOS | RSHCAE Biseases

Severe Strongyloides stercoralis infection in kidney transplant recipients

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

DeVault GA Jr, King JW, Rohr MS, Landrenean MD, Brown Il ST, McDonald JC. Opportunistic infec-
tions with Strongyloides stercoralis in renal transplantation. Rev Infect Dis 1990, 12 (4):653-71. https:/
doi.org/10.1093/clinids/12.4.653 PMID: 2201067

Kotton CN, Lattes R. Parasitic infections in solid organ transplant recipients. Am J Transplant 2009; 9
Suppl 4: p. S234-51.

Kim JH, Kim DS, Yoon Yk, Sohn JW, Kim MJ. Donor-Derived Strongyloidiasis Infection in Solid Organ
Transplant Recipients: A Review and Pooled Analysis. Transplant Proc 2016; 48 (7):2442—-2449.
https://doi.org/10.1016/j.transproceed.2015.11.045 PMID: 27742318

Marty FM. Strongyloides hyperinfection syndrome and transplantation: a preventable, frequently fatal
infection. Transpl Infect Dis 2009; 11 (2):97-9. https://doi.org/10.1111/j.1399-3062.2009.00383.x
PMID: 19400809

Morgan JS, Schaffner W, Stone WJ. Opportunistic strongyloidiasis in renal transplant recipients. Trans-
plantation 1986; 42 (5): p. 518-24. hitps://doi.org/10.1097/00007890-198611000-00016 PMID:
3097891

Link K, Orenstein R. Bacterial complications of strongyloidiasis: Streptococcus bovis meningitis. South
Med J 1999; 92 (7): p. 728-31. https://doi.org/10.1097/00007611-199907000-00016 PMID: 10414486

Elzein FE, Alsaeed M, Ballool S, Attia A. Strongyloides hyperinfection syndrome combined with cyto-
megalovirus infection. Case Rep Transplant 2016; 2016:1786265. https://doi.org/10.1155/2016/
1786265 PMID: 27703835

Wang BY, Krishnan S, Isenberg HD. Mortality associated with concurrent strongyloidiasis and cytomeg-
alovirus infection in a patient on steroid therapy. Mt Sinai J Med 1999; 66 (2):128-32. PMID: 10100418

Osawa R, Singh N. Cytomegalovirus infection in critically ill patients: a systematic review. Crit Care
2009; 13 (3):R68. https://doi.org/10.1186/cc7875 PMID: 19442306

Al-Omari A, Aljamaan F, Alhazzani W, Salih S, Arabi Y. Cytomegalovirus infection in immunocompetent
critically ill adults: literature review. Ann Intensive Care 2016, 6 (1):110. https://doi.org/10.1186/
s$13613-016-0207-8 PMID: 27813024

Davidson RA, Fletcher RH, Chapman LE. Risk factors for strongyloidiasis. A case-control study. Arch
Intern Med 1984; 144 (2): 321—4. https://doi.org/10.1001/archinte.1984.00350140135019 PMID:
6696569

Asdamongkol N, Pornsuriyasak P, Sungkanuparph S. Risk factors for strongyloidiasis hyperinfection
and clinical outcomes. Southeast Asian J Trop Med Public Health 2006, 37 (5):875-84. PMID:
17333728

Fardet L, Généreau T, Poirot JL, Guidet B, Kettaneh A, Cabane J. Severe strongyloidiasis in corticoste-
roid-treated patients: case series and literature review. J Infect 2007, 54 (1):18-27. https://doi.org/10.
1016/}.jinf.2006.01.016 PMID: 16533536

Schar F, Trostdorf U, Giardina F, Khieu V, Muth S, Marti H, et al. Strongyloides stercoralis: Global Distri-
bution and Risk Factors. PLoS Negl Trop Dis 2013, 7 (7):e2288. https://doi.org/10.1371/journal.pntd.
0002288 PMID: 23875033

Montes M, Sawhney C, Barros N. Strongyloides stercoralis: there but not seen. Curr Opin Infect Dis
2010, 23 (5):500—4. https://doi.org/10.1097/QCO.0b013e32833df718 PMID: 20733481

Fischer SA, Avery RK. Screening of donor and recipient prior to solid organ transplantation. Am J Trans-
plant 2009, 9 Suppl 4: p. S7-18.

Schwartz BS, Mawhorter SD. Parasitic infections in solid organ transplantation. Am J Transplant 2013,
13 Suppl 4: p. 280-303.

Rosen A, Ison MG. Screening of living organ donors for endemic infections: Understanding the chal-
lenges and benefits of enhanced screening. Transpl Infect Dis 2016 Nov 14.

Henriquez-Camacho C, Gotuzzo E, Echevarria J, White AC Jr, Terashima A, Samalvides F, et al. Iver-
mectin versus albendazole or thiabendazole for Strongyloides stercoralis infection. Cochrane Database
Syst Rev 2016 (1):CD007745. https://doi.org/10.1002/14651858.CD007745.pub3 PMID: 26778150

Camargo LFA, Kamar N, Gotuzzo E, Wright AJ. Schistosomiasis and Strongyloidiasis Recommenda-
tions for Solid-Organ Transplant Recipients and Donors. Transplantation 2018, 102 (2S Suppl 2):S27—
S34.

Armstrong MJ, Corbett C, Rowe IA. HTLV-1 in solid-organ transplantation: current challenges and
future management strategies. Transplantation.2012 Dec 15; 94 (11):1075-84. https://doi.org/10.1097/
TP.0b013e318263ad7a PMID: 23060278

Carvalho EM, Da Fonseca Porto A. Epidemiological and clinical interaction between HTLV-1 and Stron-
gyloides stercoralis. Parasite Immunol. 2004 Nov-Dec; 26 (11-12):487-97. https://doi.org/10.1111/j.
0141-9838.2004.00726.x PMID: 15771684

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007998 January 31, 2020 16/17


https://doi.org/10.1093/clinids/12.4.653
https://doi.org/10.1093/clinids/12.4.653
http://www.ncbi.nlm.nih.gov/pubmed/2201067
https://doi.org/10.1016/j.transproceed.2015.11.045
http://www.ncbi.nlm.nih.gov/pubmed/27742318
https://doi.org/10.1111/j.1399-3062.2009.00383.x
http://www.ncbi.nlm.nih.gov/pubmed/19400809
https://doi.org/10.1097/00007890-198611000-00016
http://www.ncbi.nlm.nih.gov/pubmed/3097891
https://doi.org/10.1097/00007611-199907000-00016
http://www.ncbi.nlm.nih.gov/pubmed/10414486
https://doi.org/10.1155/2016/1786265
https://doi.org/10.1155/2016/1786265
http://www.ncbi.nlm.nih.gov/pubmed/27703835
http://www.ncbi.nlm.nih.gov/pubmed/10100418
https://doi.org/10.1186/cc7875
http://www.ncbi.nlm.nih.gov/pubmed/19442306
https://doi.org/10.1186/s13613-016-0207-8
https://doi.org/10.1186/s13613-016-0207-8
http://www.ncbi.nlm.nih.gov/pubmed/27813024
https://doi.org/10.1001/archinte.1984.00350140135019
http://www.ncbi.nlm.nih.gov/pubmed/6696569
http://www.ncbi.nlm.nih.gov/pubmed/17333728
https://doi.org/10.1016/j.jinf.2006.01.016
https://doi.org/10.1016/j.jinf.2006.01.016
http://www.ncbi.nlm.nih.gov/pubmed/16533536
https://doi.org/10.1371/journal.pntd.0002288
https://doi.org/10.1371/journal.pntd.0002288
http://www.ncbi.nlm.nih.gov/pubmed/23875033
https://doi.org/10.1097/QCO.0b013e32833df718
http://www.ncbi.nlm.nih.gov/pubmed/20733481
https://doi.org/10.1002/14651858.CD007745.pub3
http://www.ncbi.nlm.nih.gov/pubmed/26778150
https://doi.org/10.1097/TP.0b013e318263ad7a
https://doi.org/10.1097/TP.0b013e318263ad7a
http://www.ncbi.nlm.nih.gov/pubmed/23060278
https://doi.org/10.1111/j.0141-9838.2004.00726.x
https://doi.org/10.1111/j.0141-9838.2004.00726.x
http://www.ncbi.nlm.nih.gov/pubmed/15771684
https://doi.org/10.1371/journal.pntd.0007998

@' PLOS NEGLECTED
2 : TROPICAL DISEASES Severe Strongyloides stercoralis infection in kidney transplant recipients

41. Abanyie FA, Valice E, Delli Carpini KW, Gray EB, McAuliffe |, Chin-Hong PV, et al. Organ donor screen-
ing for Strongyloides stercoralis infection among US organ procurement organizations. Transpl Infect
Dis. 2018 Jun; 20 (3):12865. https://doi.org/10.1111/tid. 12865 PMID: 29512242

42. Camargo JF, Simkins J, Anjan S, Guerra G, Vianna R, Salama S, et al. Implementation of a Strongy-
loides screening strategy in solid organ transplant donors and recipients. Clin Transplant. 2019 Apr; 33
(4):e13497. https://doi.org/10.1111/ctr.13497 PMID: 30773692

43. Rosen A, Ison MG. Screening of living organ donors for endemic infections: Understanding tha chal-
lenges and benefits of enhanced screening. Transpl Infec Dis. 2017 Feb; 19 (1):e12633.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007998 January 31, 2020 17/17


https://doi.org/10.1111/tid.12865
http://www.ncbi.nlm.nih.gov/pubmed/29512242
https://doi.org/10.1111/ctr.13497
http://www.ncbi.nlm.nih.gov/pubmed/30773692
https://doi.org/10.1371/journal.pntd.0007998

