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Abstract

Background Strongyloidiasis is an infectious disease that can be fatal in immunocompromised patients. Patients
with end-stage renal failure who are on dialysis have a considerably weakened immune system, and organ transplan-
tation is a major risk factor for severe strongyloidiasis. Knowledge of the local epidemiology in tropical and subtropical
areas is an essential prerequisite for designing an appropriate strategy to prevent this potentially lethal complication.
In this study, we aimed to estimate the prevalence and associated risk factors of S. stercoralis infection in patients on
dialysis in Cochabamba, Bolivia.

Methods A cross-sectional study was carried out among patients undergoing haemodialysis in Cochabamba (eleva-
tion 2,500 m, temperate climate), collecting information on socio-demographic, lifestyle, and clinical variables, and
using one coproparasitological technique (the modified Baermann technique) and one serological (ELISA) test for
S.stercoralis diagnosis.

Results In total, 149 patients participated in the study (mean age =51.4 years, 48.3% male). End-stage renal disease

was predominantly (59%) of hypertensive and/or diabetic origin. The positive serological prevalence was 18.8% (95%
Cl: 13.3%-25.9%). Based on the sensitivity and specificity of the ELISA test, the estimate of the actual prevalence was

15.1% (95% Cl: 9.4%-20.7%). Stool samples of 105 patients (70.5%) showed a coproparasitological prevalence of 1.9%
(95% Cl: 0.52%-6.68%). No potential risk factors were significantly associated with S. stercoralis infection.

Conclusions We found a high seroprevalence of S. stercoralis in Bolivian patients undergoing haemodialysis in
Cochabamba. We recommend presumptive antiparasitic treatment at regular intervals to avoid the potentially fatal
complications of severe strongyloidiasis.

Keywords Strongyloides stercoralis, Renal dialysis, Chronic kidney failure, Hyperinfection syndrome, Disseminated
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Background

Strongyloidiasis is an infectious disease caused by the
parasite Strongyloides stercoralis, a soil-transmitted
intestinal nematode. One of the most neglected tropical
diseases [1, 2], strongyloidiasis has an estimated global
prevalence of around 8.1%, corresponding to 614 million
infected people [3]. The parasite is endemic in tropical
and subtropical areas, though its presence has also been
reported in more temperate climates [4, 5].

The particularity of S. stercoralis is its replication
capacity within the human body. The larvae, having
reached maturity in the intestine, are able to penetrate
the colonic mucosa or the skin at the level of the perianal
area, resulting in autoinfection, and a persistent infection
that can last for several decades if left untreated [4, 6, 7].
In the immunocompetent host, the infection is predomi-
nantly asymptomatic. However, in cases of immunosup-
pression, the process of autoinfection may escape the
host’s control, leading to massive parasite replication and
hyperinfection syndrome (involving the lungs and gas-
trointestinal tract) or disseminated strongyloidiasis (with
dissemination to other organs such as the brain, kidney
and/or liver). Both conditions, which can be summarised
as severe strongyloidiasis (SS), carry a mortality rate up
to 60—85% [7, 8]. The prescription of corticosteroids is
the most common cause of immunosuppression that can
lead to hyperinfection syndrome or disseminated stron-
gyloidiasis, even sometimes reported with short-term
treatments (<5 days) and with doses as low as 20 mg
of prednisone [8-10]. Other risk factors include organ
transplantation, chemotherapy for cancer, haematologic
malignancies, infection with human T cell lymphotropic
virus type 1, HIV-1, diabetes mellitus, alcohol abuse, and
severe malnutrition [7, 8].

Many patients with chronic renal failure on dialysis
present a considerably weakened immune system with
decreased proliferation of T lymphocytes, especially
of the Th2 subpopulation essential for the elimination
of S. stercoralis [11, 12]. More generally, infections rep-
resent the second leading cause of death (after cardiovas-
cular disease) in haemodialysis patients [13]. Compared
to the general population, mortality in haemodialysis
patients is tenfold higher for pneumonia and approxi-
mately 250-fold higher for sepsis [14, 15]. Kidney trans-
plantation, the only treatment currently available to these
patients, is a major risk factor for hyperinfection syn-
drome and disseminated strongyloidiasis [8].

To plan the implementation of preventive strategies
for this potentially lethal complication (e.g., early treat-
ment of strongyloidiasis carriers), knowledge of the local
epidemiology is an essential prerequisite. This context is
especially important in the treatment of frail patients, like
haemodialysis patients, or before organ transplantation.
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In addition, treatment of uncomplicated infection is
highly effective and well-tolerated [16]. Unfortunately,
epidemiological data are largely lacking in low- and mid-
dle-income countries such as Bolivia, where such infec-
tions are likely to occur and to remain underdiagnosed
and undertreated [4]. Thus, the aim of this study is to
estimate the prevalence and associated risk factors of S.
stercoralis infection in dialysis patients in Cochabamba,
Bolivia.

Method

Study design

We conducted a cross-sectional study between Janu-
ary and August 2019 in two dialysis centres in the urban
region of Cochabamba: the “VIEDMA” public university
hospital and the “Media Luna Roja de Iran” dialysis cen-
tre. Cochabamba is located 2,500 m above sea level in an
inter-Andean valley and has a temperate and semi-arid
climate.

Study population and inclusion/exclusion criteria

The inclusion criteria were to be 1) over 18 years of age
and 2) on dialysis for more than three months in one of
the two dialysis centres during the study period. The only
exclusion criterion was inability to provide consent.

Laboratory investigation procedures

Clean plastic containers and wooden applicator sticks
were distributed and participants were asked to bring
two stool samples to the parasitology reference labora-
tory (VIEDMA) at an interval of at least three days. A
specialised laboratory assistant processed and examined
the stool samples. This technician had been trained in
standardised stool analysis techniques at the Cayetano
Heredia Institute of Tropical Medicine in Lima, Peru. The
technician was blinded to serological results. Both stool
samples were analysed with the modified Baermann
technique, chosen in light of its superior sensitivity to
other methods, as previously described [4].

For serologies, the sera were separated from the freshly
collected blood and stored at -20° before the test. IgG was
detected by ELISA, and the procedures recommended
by the manufacturer (Bordier Affinity Products) were
strictly followed. This commercially available test detects
Strongyloides IgG antibodies by using somatic antigens
from larvae of Strongyloides ratti.

Data collection

We collected information on socio-demographic, life-
style, and clinical variables by using structured ques-
tionnaires determining respondents’ gender, age, level of
education, and living area (rural/urban). Other data col-
lected concerned the likely aetiology of end-stage renal



Tebib et al. BMC Nephrology (2023) 24:27

disease, history of abdominal pain or diarrhoea within
the previous month, history of immunosuppressive med-
ication within the previous three months, frequency of
outdoor barefoot walking, and alcohol use.

Statistical analyses

Associations with risk factors

Bivariate analyses (simple logistic regressions) examined
the association between potential factors and positive
serology. P-values <0.05 were considered significant. We
used Stata 16 to conduct the statistical analysis.

Estimation of prevalence

Taking into account the performance of the serological
test used, we estimated the actual prevalence within the
study population. Using a robust methodology, Bisoffi
et al. assessed the sensitivity (91%) and the specificity
(94%) of the serologic test Bordier-ELISA for the detec-
tion of S. stercoralis in a composite population of subjects
from tropical areas and co-infected with other parasitic
infections [17]. We calculated the actual prevalence using
the following formula: AP =(OP+ Sp—1) / (Se+Sp—1),
where AP is the actual prevalence, OP is the observed
prevalence from positive serological test results found in
our study, and Sp (94%) and Se (91%) are the estimates
of specificity and sensitivity [17]. The lower and upper
95% confidence interval of the actual prevalence was also
computed.

Ethical considerations

All patients were adults (>18 years old), personally
informed of the purpose of the study and provided
informed written consent for participation. All methods
were performed in accordance with relevant guidelines
and regulations. The study protocol was consistent with
the ethical principles of the Helsinki Declaration and was
approved by the ethics committee of the University of
San Simon (Cochabamba). Participants who tested posi-
tive for a parasitic infection (coproparasitological and
/ or serological tests) were treated free of charge with
standard care including a dose of ivermectin (200 pg / kg)
for S. stercoralis.

Results

Of the 164 patients invited to participate in the study,
149 were included in the final analysis. Eleven patients
refused to participate and four were excluded (Fig. 1). Of
these, two withdrew their consent during the study,
one was incapable of discernment and therefore inca-
pable of informed consent, and the fourth was trans-
ferred to another dialysis centre before any test could be
performed.
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Eligible patients
(invited to participate)
(n=164)

11 patients refused to
participate

Included patients
(n=153)

4 patients failed to
provide consent or a
blood sample

Analyzed patients
(n=149)

Fig. 1 Study flowchart

Table 1 Socio-demographic and life style characteristics of
patients undergoing haemodialysis, Cochabamba, Bolivia

Number
of patients
(%)
Age (mean, SD) 514 (15.7)
Gender
Male 72 (48.3)
Female 77 (51
Education level
No schooling 4(2.7)
Primary 63 (42.3)
Secondary 59 (39.6)
Technical 6 (4)
University 17 (11.4)
Living area
Rural 34(22.8)
Urban 84 (56.4)
Both rural and urban 31(20.8)
Walks without shoes
Never 91 (61.1)
Sometimes 49 (32.9)
Frequently 9 (6)

The average age of the participants was 51.4 years and
48.3% were men. Table 1 presents the socio-demographic
and lifestyle characteristics of all patients. Clinical char-
acteristics and comorbidities are reported in Table 2. Par-
ticipants’ end-stage renal disease was predominantly of
hypertensive or diabetic origin. Only nine (6%) patients
had received immunosuppressive therapy during the
previous three months. Regarding clinical features, 54
(36.2%) and 53 patients (35.6%) reported diarrhoea or
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Table 2 Clinical ~ characteristics  and  immunosuppressive
treatment, patients undergoing haemodialysis, Cochabamba,
Bolivia

Number
of patients
(%)
Probable etiology of renal failure
Diabetes 42(28.2)
Hypertension 40 (26.
Diabetes and hypertension 6 (4)
Lupus 9(6)
Other” 19(12.8)
Unknown 33(22.2)
Immunosuppressive drug (last 3 months)
Yes? 9(6)
No 140 (96)
Abdominal pain (during last month)
Yes 53(35.6)
No 96 (64.4)
Diarrhea (during last month)
Yes 54 (36.2)
No 95 (63.8)

9 Other etiology: urinary tract infections (5), preeclampsy (4), agenesia (3),
obstructive (2), drug toxicity (2), post-streptococcal glomerulonephritis (1),
kidney cancer (1), polycystic kidney disease (1)

® Immunosuppresive drugs: corticoids (7), corticoids + azathioprine (2)
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abdominal pain, respectively, in the three months pre-
ceding recruitment.

The positive serological prevalence was 18.8% (95% CI:
13.3%—25.9%). Based on the sensitivity and specificity of
the ELISA test, the estimate of the actual prevalence was
15.1% (95% CIL: 9.4%—20.7%). Of the patients included in
the final analysis, 105 (70.5%) provided two stool sam-
ples. Two patients presented at least one positive test on
the modified Baermann technique stool analysis, cor-
responding to a coproparasitological prevalence of 1.9%
(95% CL: 0.52%-6.68%). Of note, both patients with a
positive coproparasitological result had also a positive
serological test.

Table 3 summarises the factors potentially associ-
ated with a positive serology for S. stercoralis, according
to simple logistic regressions. There were no significant
associations with barefoot walking, rural life, and a low
level of education. In addition, the presence of diarrhoea
or abdominal pain during the previous three months was
not associated with a higher probability of having a posi-
tive serology. There was a marginally significant trend
towards an increase in serological prevalence for patients
50 years of age or older.

Table 3 Socio-demographic, lifestyle, and clinical factors associated with S. stercoralis in bivariate analyses in patients undergoing

haemodialysis, Cochabamba, Bolivia

n Pos Neg OR (95% Cl) p
Age
<50years old 84 8(12.3%) 64 (87.7%) 0.45 (0.17-1.09) 07
> 50 years old 65 20 (23.8%) 57 (76.2%)
Gender
Male 72 13(18.1%) 59 (81.9%) 91 (0.39-2.10) 82
Female 77 15 (19.5%) 62 (80.5%)
Education level
Primary 67 13 (19.4%) 54 (80.6%) 1.08 (0.46-2.48) .86
Secondary-technical-university 82 15(18.3%) 67 (81.7%)
Living area
Rural 65 14 (21.5%) 51 (78.5%) 1.37(0.59-3.17) 45
Urban 84 14 (16.7%) 70 (83.3%)
Walks without shoes
Never 91 17 (18.7%) 74 (81.3%) 98 (42-2.34) 97
Sometimes/frequently 58 11 (19.0%) 47 (81.0%)
Abdominal pain (during last month)
Yes 53 10 (18.9%) 43(81.1%) 1.01 (41-273) 99
No 96 18 (18.7%) 78 (81.3%)
Diarrhea (during last month)
Yes 54 9 (16.7%) 45 (83.3%) 8(32-1.91) 61
No 95 19 (20.0%) 76 (80.0%)
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Discussion

This study demonstrates that strongyloidiasis is widely
present among patients undergoing haemodialysis in the
city of Cochabamba, with a seroprevalence of 18.8% (esti-
mated actual prevalence of 15.1%). These results confirm
the high seroprevalence (22%; estimated actual preva-
lence of 18.8%) found by Getaz et al. in other patients
at high risk of complications living in the Cochabamba
region [4].

As previously mentioned, SS is a complication with high
mortality risk [7, 8]. Its incidence is likely underestimated
due to the lack of recognition of this syndrome. Accord-
ing to Buonfrate et al., given the considerable number of
case reports of SS published in non-endemic countries, it
is likely that fatal cases of SS are also common in endemic
countries but, unfortunately, not published [8]. In addi-
tion, between 7 and 12% of cases are diagnosed only at
the time of autopsy, which is rarely performed in low and
middle income countries [8, 9].

Although haemodialysis or end-stage renal disease
as specific risk factors for severe strongyloidiasis have
never been investigated, these patients have a weak-
ened immune system and infections represent their sec-
ond leading cause of death [13]. In particular, sepsis is a
very common complication in dialysis patients, with a
cumulative incidence of up to 11.7% and a risk 26 to 50
times higher than in the general population [15, 18, 19].
Similarly, septic shock is a complication present in up
to 57.3% of patients with SS due to the massive penetra-
tion of larvae into the intestinal mucosa that can promote
bacterial translocation [9, 20].

In addition, nine (6%) patients received corticosteroid
treatment during the three months before recruitment, a
major risk factor for SS [7, 21, 22]. Diabetes was identi-
fied in 48 (32%) patients, another risk factor although of
lesser importance [23, 24].

In view of the high prevalence found in our study and
the fatal consequences of delayed diagnosis, it is essen-
tial to systematically screen for and treat SS in the event
of sepsis or respiratory and/or gastrointestinal symp-
toms. Furthermore, prevention of SS is of paramount
importance in the management of S. stercoralis. In
groups of patients at high risk for SS and with a preva-
lence greater than 10%, experts advise presumptive
treatment with ivermectin to prevent the life-threaten-
ing consequences of strongyloidiasis and in light of this
drug’s proven safety [4, 25].

Considering both the chronic immunodeficiency asso-
ciated with end-stage renal disease and the actual preva-
lence of 15.1% found in our study, treatment at regular
intervals seems to be an appropriate strategy for hae-
modialysis patients living in an endemic area, such as
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Bolivia; however, to date, no prospective study has been
carried out to validate this approach.

Transplantation, particularly kidney transplantation, is
a major risk factor for severe strongyloidiasis [7, 26]. For
the aforementioned reasons, any transplant patient living
in or coming from Bolivia should benefit from prophy-
lactic treatment with ivermectin before a transplant and
then again at regular intervals to prevent a potentially
fatal complication.

Our study has several strengths. To our knowledge,
this is the first study to determine the prevalence of S.
stercoralis in haemodialysis patients. Another strength
is the high participation rate in the serological study,
with only 11 refusals amongst the 164 patients invited to
participate. In contrast, our study has also several limi-
tations. First, due to the limited sample size, risk factors
of S. stercoralis infection may have been missed, such
as those identified in previous studies: living in a rural
area, walking barefoot, having a low level of education,
or having gastrointestinal symptoms [4, 27-29]. Second,
collecting stool samples was very difficult in our study,
due to low acceptance of this test amongst patients and
despite full cost coverage. In addition, these techniques
require obtaining fresh stool, which must be sent in
to the laboratory for analysis no more than four hours
after collection for living larvae to be detectable therein.
Most of the patients in our cohort lived more than two
hours from their dialysis centre, making the delivery of
fresh stool samples difficult or even impossible. The
high discrepancy between the actual prevalence and the
coproparasitological prevalence (15.1% vs. 1.9%) could be
linked to a delay in the delivery of numerous samples and
to the known limited sensitivity of coproparasitological
techniques. Nevertheless, despite a low prevalence in the
parasitological method, seroprevalence is high. It is likely
that a large majority of patients with a positive serology
are, in fact, infected with S.stercoralis but undiagnosed
with the Baermann method. Since these patients can
evolve to a SS, treatment is recommended. Finally, sero-
logical testing is a diagnostic tool with suboptimal per-
formance, which is why an actual prevalence calculation
is presented. The actual prevalence takes into account the
possibility of false-positive results due to cross-reaction
with other helminths, as the sensitivity and specificity
of the ELISA were assessed in a composite population
including subjects co-infected with other parasitic infec-
tions [16]. Also, The risk of false-positive results due to
immunological memory is low since more than two-
thirds of those treated have a negative serological test for
strongyloidiasis within a few months [30]. Furthermore,
the sensitivity reported in the literature was measured in
populations that were predominantly not immunosup-
pressed. It is possible that the sensitivity of serological
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testing is even lower in dialysis patients, whose ability to
synthesize antibodies could be reduced, similar to their
altered response to hepatitis B or influenza virus vaccines
[31]. Thus, this potential bias could lead to an underes-
timation of the real prevalence of strongyloidiasis in the
study population.

These limitations related to diagnostic tests are impor-
tant to consider and reinforce the proposition for pre-
sumptive prescription of antiparasitic treatment to all
patients at high risk of complications.

Conclusion
This study reveals a high prevalence (15.1%) of S. sterc-
oralis in Bolivian patients undergoing haemodialysis in
Cochabamba, a city located at approximately 2,500 m
above sea level and benefitting from a temperate semi-
arid climate.

Therefore, presumptive antiparasitic treatment should
be prescribed at regular intervals to avoid the poten-
tially fatal complications of severe strongyloidiasis. This
is especially important in the context of the inherent
immunodeficiency of haemodialysis patients, the sub-
optimal sensitivity of serological screening, the difficulty
in collecting stool samples of good quality, and the high
safety of ivermectin treatment. These recommendations
should also apply before and after kidney transplantation
for patients residing in or coming from Bolivia.

Moreover, it is essential to systematically identify and
treat severe strongyloidiasis without delay in the event of
sepsis or respiratory and/or gastrointestinal symptoms in
haemodialysis patients from endemic areas.
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HIV-1 Human immunodeficiency virus 1

Acknowledgements

We would like to thank the patients who participated in the study. We also
want to express our gratitude to the laboratory technician Maria del Carmen
Fernandez.

Author’s contributions

NiT: participated in study design, supervised and participated in data collec-
tion, participated in data interpretation, analyses and drafted the manuscript.
NaT: participated in study design, data collection and critically reviewed the
manuscript. MP: participated in data collection and critically reviewed the
manuscript RC: participated in data collection and critically reviewed the
manuscript SB: participated in data interpretation and analyses and critically
reviewed the manuscript MT: participated in data collection and critically
reviewed the manuscript MZ: participated in data collection and critically
reviewed the manuscript FC: participated in conception, study design and
critically reviewed the manuscript LG: responsible for conception and the
study design, supervised data collection, participated in data interpretation
and analyses and critically reviewed the manuscript. All authors read and
approved the final manuscript and agree to be personally accountable for
their contribution.

Page 6 of 7

Funding

Open access funding provided by University of Geneva. This research work
was supported by the "Association Santé Suisse Bolivie” (Switzerland). The
funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

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

Declarations

Ethics approval and consent to participate

All patients were adults (> 18 years old), personally informed of the purpose of
the study and provided informed written consent for participation. In case of
illiteracy but with maintained ability to give informed consent corresponding
to the possession of the capacity of discernment, participants were properly
informed about the content of the study orally (by reading them the informa-
tion sheet and the consent form). If the consent could not be expressed by
affixing a signature, consent with a fingerprint was formally documented.

All methods were performed in accordance with relevant guidelines and
regulations. The study protocol was consistent with the ethical principles of
the Helsinki Declaration and was approved by the ethics committee of the
University of San Simon (Cochabamba). Participants who tested positive for a
parasitic infection (coproparasitological and / or serological tests) were treated
free of charge with standard care including a dose of ivermectin (200 pg / kg)
for S. stercoralis.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 6 July 2022 Accepted: 31 January 2023
Published online: 07 February 2023

References

1. Olsen A, van Lieshout L, Marti H, Polderman T, Polman K, Steinmann
P, et al. Strongyloidiasis—the most neglected of the neglected tropical
diseases? Trans R Soc Trop Med Hyg. 2009;103(10):967-72.

2. Bisoffi Z, Buonfrate D, Montresor A, Requena-Mendez A, Munoz J,
Krolewiecki AJ, et al. Strongyloides stercoralis: a plea for action. PLoS
Negl Trop Dis. 2013;7(5):€2214.

3. Buonfrate D, Bisanzio D, Giorli G, Odermatt P, Flrst T, Greenaway C,
et al. The global prevalence of strongyloides stercoralis infection.
Pathogens. 2020,9(6):468.

4.  Getazl, Castro R, Zamora P, Kramer M, Gareca N, Torrico-Espinoza
MDC, et al. Epidemiology of Strongyloides stercoralis infection in
Bolivian patients at high risk of complications. PLoS Negl Trop Dis.
2019;13(1):e0007028.

5. Schar F, Trostdorf U, Giardina F, Khieu V, Muth S, Marti H, et al. Strongy-
loides stercoralis: global distribution and risk factors. PLoS Negl Trop
Dis. 2013;7(7):e2288.

6. PrendkiV, Fenaux P, Durand R, Thellier M, Bouchaud O. Strongyloidiasis
in man 75 years after initial exposure. Emerg Infect Dis. 2011;17:931-2
United States.

7. Keiser PB, Nutman TB. Strongyloides stercoralis in the immunocompro-
mised population. Clin Microbiol Rev. 2004;17(1):208-17.

8. Buonfrate D, Requena-Mendez A, Angheben A, Munoz J, Gobbi F, Van
Den Ende J, et al. Severe strongyloidiasis: a systematic review of case
reports. BMC Infect Dis. 2013;13:78.

9.  Geri G, Rabbat A, Mayaux J, Zafrani L, Chalumeau-Lemoine L, Guidet B,
et al. Strongyloides stercoralis hyperinfection syndrome: a case series and
a review of the literature. Infection. 2015;43(6):691-8.



Tebib et al. BMC Nephrology

20.

21
22.

23.

24.

25.

26.
27.
28.
29.

30.

31

(2023) 24:27

Gautam D, Gupta A, Meher A, Siddiqui F, Singhai A. Corticosteroids in
Covid-19 pandemic have the potential to unearth hidden burden of
strongyloidiasis. IDCases. 2021,25:e01192 Netherlands.

. Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y,

et al. Aspects of immune dysfunction in end-stage renal disease. Clin J
Am Soc Nephrol. 2008;3(5):1526-33.

Ho6rl WH. Other Blood and Immune Disorders in Chronic Kidney Disease.
In: Floege J, Johnson RJ, Feehally J, editors. Comprehensive clinical neph-
rology. 4th ed. Philadelphia: Mosby; 2010. p. 959-68.

Tonelli M, Wiebe N, Culleton B, House A, Rabbat C, Fok M, et al. Chronic
kidney disease and mortality risk: a systematic review. J Am Soc Nephrol.
2006;17(7):2034-47.

Sarnak MJ, Jaber BL. pulmonary infectious mortality among patients with
end-stage renal disease. Chest. 2001;120(6):1883-7.

Sarnak MJ, Jaber BL. Mortality caused by sepsis in patients with end-
stage renal disease compared with the general population. Kidney Int.
2000;58(4):1758-64.

Buonfrate D, Formenti F, Perandin F, Bisoffi Z. Novel approaches to the
diagnosis of Strongyloides stercoralis infection. Clin Microbiol Infect.
2015;21(6):543-52.

Bisoffi Z, Buonfrate D, Sequi M, Mejia R, Cimino RO, Krolewiecki AJ, et al.
Diagnostic accuracy of five serologic tests for strongyloides stercoralis
infection. PLoS Negl Trop Dis. 2014;8(1):2640 Siddiqui AA, editor.

Powe NR, Jaar B, Furth SL, Hermann J, Briggs W. Septicemia in

dialysis patients: incidence, risk factors, and prognosis. Kidney Int.
1999;55(3):1081-90.

Skov Dalgaard L, Nergaard M, Jespersen B, Jensen-Fangel S, @stergaard
LJ, Schenheyder HC, et al. Risk and prognosis of bloodstream infections
among patients on chronic hemodialysis: a population-based cohort
study. PLoS ONE. 2015;10(4):1-14.

Mejia R, Nutman TB. Screening, prevention, and treatment for hyperinfec-
tion syndrome and disseminated infections caused by Strongyloides
stercoralis. Curr Opin Infect Dis. 2012;25(4):458-63.

Krolewiecki A, Nutman TB. Strongyloidiasis: a neglected tropical disease.
Infect Dis Clin North Am. 2019;33(1):135-51.

Nutman TB. Human infection with strongyloides stercoralis and other
related strongyloides species. Parasitology. 2017;144(3):263-73.

Chan FLY, Kennedy B, Nelson R. Fatal Strongyloides hyperinfection
syndrome in an immunocompetent adult with review of the literature.
Intern Med J. 2018;48(7):872-5.

Lam CS, Tong MKH, Chan KM, Siu YP. Disseminated strongyloidiasis: a
retrospective study of clinical course and outcome. Eur J Clin Microbiol
Infect Dis. 2006;25(1):14-8.

Bisoffi Z, Buonfrate D, Sequi M, Mejia R, Cimino RO, Krolewiecki AJ, et al.
Diagnostic accuracy of five serologic tests for strongyloides stercoralis
infection. PLoS Negl Trop Dis. 2014;8(1):22640.

Roxby AC, Gottlieb GS, Limaye AP. Strongyloidiasis in transplant patients.
Clin Infect Dis. 2009;49(9):1411-23.

Yori PP, Kosek M, Gilman RH, Cordova J, Bern C, Chavez CB, et al. Seroepi-
demiology of strongyloidiasis in the Peruvian Amazon. Am J Trop Med
Hyg. 2006;74(1):97-102.

Grove DI. Human strongyloidiasis. Adv Parasitol. 1996;38:251-309.
Sultana, Gilbert GL, Ahmed B-N, Lee R. Seroepidemiology of Strongyloi-
des stercoralis in Dhaka Bangladesh. Parasitology. 2012;139(11):1513-20.
Page WA, Dempsey K, McCarthy JS. Utility of serological follow-up of
chronic strongyloidiasis after anthelminthic chemotherapy. Trans R Soc
Trop Med Hyg. 2006;100(11):1056-62.

Janus N, Vacher L-V, Karie S, Ledneva E, Deray G. Vaccination and chronic
kidney disease. Nephrol Dial Transplant. 2008;23:800-7.

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

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Prevalence and risk factors of Strongyloides stercoralis in haemodialysis in Cochabamba, Bolivia: a cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Method
	Study design
	Study population and inclusionexclusion criteria
	Laboratory investigation procedures
	Data collection
	Statistical analyses
	Associations with risk factors
	Estimation of prevalence

	Ethical considerations

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


