
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Muñoz-Antoli et al. BMC Infectious Diseases          (2023) 23:616 
https://doi.org/10.1186/s12879-023-08613-1

BMC Infectious Diseases

*Correspondence:
Carla Muñoz-Antoli
carla.munoz@uv.es
1Department of Pharmacy and Pharmaceutical Technology and 
Parasitology, Faculty of Pharmacy, University of Valencia, Valencia, Spain

2Department of Preventive Medicine, Public Health and Microbiology, 
Faculty of Medicine, Autonomous University of Madrid, Madrid, Spain
3Parasitology Area, Department of Agrochemistry and Environment, 
Miguel Hernández de Elche University, Alicante, Spain
4Medical Deputy Director, Picassent Penitentiary Center, Valencia, Spain

Abstract
Background  Despite the fact that prison inmates are a population at higher risk than other groups of suffering 
from intestinal parasite infections in relation to their living conditions, information about these diseases in prison 
environments is still scarce. Herein, we analyze the status of intestinal parasite infections in a Spanish prison.

Methods  A cross-sectional study involving 528 inmates was conducted from April to June 2022 among inmates 
at Centro Penitenciario Picassent (Valencia, Spain). Stool specimens were examined using the direct wet mount 
technique, the formol-ether concentration technique, and the Ziehl-Neelsen staining method. We used STATA 16.1 for 
data analysis. We consider a p-value less than 0.05 significant at a 95% confidence level.

Results  Of the 528 inmates (471 men and 57 women; a mean age of 41.94 years) enrolled in the study, 83 (15.7%) 
were infected. Only six species of protozoa were detected. The gut potential microeukaryotic pathobiont Blastocystis 
sp. was the predominant parasite, accounting for 37 (44.6%) of the infections. Gut parasite amebas (6.6%) and 
pathobionts (5.3%) were more prevalent than flagellates (2.3%). The prevalence of infection with pathogenic species 
(8.9%) was similar to that of non-pathogenic species (8.7%). Infection among men (15.2%) was higher than in women 
(0.6%) (p < 0.0001). In multivariate analysis, the country of birth (AOR = 0.31, 95% CI = 0.18–0.52) and the time spent 
in prison (AOR = 1.83, 95% CI = 1.06–3.14) were statistically significant associated to intestinal parasite infections 
(p < 0.0001 and p = 0.028, respectively).

Conclusion  This study found low levels of intestinal parasite infections in the CPP which could be indicative of 
the implementation of sanitary measures in prison environments in Spain. The less time spent in prison favor 
the risk of having infection while the Spanish nationality of inmates could reduce the risk of infection. The main 
recommendation would be to introduce routine parasitological tests upon foreigners entering prison.

Keywords  Intestinal parasites, Prison inmates, Blastocystis sp., Risk factors, Spain

Intestinal parasitic infections and their 
potential risk factors among prison inmates 
in Valencia, Spain
Carla Muñoz-Antoli1*, María José Irisarri-Gutiérrez2, Lucrecia Acosta3, María José Bonet4, J. Guillermo Esteban1 and 
Rafael Toledo1

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-023-08613-1&domain=pdf&date_stamp=2023-9-18


Page 2 of 7Muñoz-Antoli et al. BMC Infectious Diseases          (2023) 23:616 

Background
Intestinal parasite infections are among the most 
neglected tropical diseases, causing over 3.5  billion 
infections and significant morbidity in about 450  mil-
lion people [1]. The majority of these infections occur in 
vulnerable groups in association with limited healthcare, 
poor nutrition, poverty, a low level of community and 
personal hygiene, and limited access to safe water or sani-
tary facilities [2–5]. These facts determine that intestinal 
parasite infections are highly prevalent in developing 
countries [6]. In high-income countries intestinal parasite 
infections have been commonly overlooked, making it 
difficult to estimate the real incidence of these diseases in 
the general population. Most of the surveys have focused 
on particularly vulnerable groups including children, the 
elderly, immigrant population, and immunosuppressed 
people [7–10].

Prison inmates constitutes a vulnerable group since 
they live under conditions that can facilitate transmission 
of intestinal parasites [11]. Prison inmates commonly 
represent marginalized communities that live in condi-
tions such as overcrowding, inadequate sanitary condi-
tions or, even high-risk behaviors that make them more 
susceptible to parasite infections than the general popu-
lation [12].

Surprisingly, there is very little information about the 
status of intestinal parasite infections in prisons, espe-
cially in high-income countries. Most of the studies on 
this topic have been performed in developing countries 
from Africa, Asia or Latin America [1, 3, 5, 11, 13–24]. 
Only a few surveys were conducted in developed coun-
tries, in the last century in Canadian, Finish and Span-
ish prisons [25–27]. Despite significant efforts made 
in the last decades to improve the conditions in penal 
institutions in developed countries, this constitutes an 
important gap in our knowledge of the sanitary status of 
prisons.

Herein, we provide epidemiological data on the preva-
lence of intestinal parasites and associated factors among 
inmates of Centro Penitenciario Picassent (Valencia, 
Spain). Renewed and up-to-date information on the 
epidemiology of intestinal parasite infections in more 
vulnerable groups such as prisoners may significantly 
contribute towards improving the health condition of 
such an at-risk group.

Materials and methods
Study area and population
We conducted a cross-sectional study to determine the 
prevalence of intestinal parasites and associated risk fac-
tors among inmates of Centro Penitenciario de Picas-
sent (CPP), Valencia (Spain), over 3-months period, from 
April to June 2022.

CPP (-0.458300 longitudinal and 39.358300 latitudinal 
coordinates) is one of the main prison of Spain housing 
about 2.100 inmates, coming to host up to 22 different 
nationalities of origin of the inmates. CPP is a transit cen-
ter to other Spanish penitentiary centers in such a way 
that moments of great saturation have been denounced, 
in the 35 total modules available (a maximum of 1.330 
cells are available). The CPP was chosen as the study site 
due to its accessibility from the University of Valencia 
(convenient for sample transportation) and high popu-
lation of inmates. Moreover, the prison management is 
very supportive of measures to further improve the well-
being of their inmates.

Our source population included all adult males and 
females prisoners, of various jail terms available during 
the study period, except those with security restrictions. 
Before starting the sampling, CPP medical authorities 
were contacted, and a request for cooperation was made 
after explaining the objective of the study.

Sample size
As there are no preliminary results of the CPP, according 
to the estimated prevalence (p) of about 10% published 
in the Madrid reference study [27], with a sampling error 
(d) of 5% and a confidence level (z) of 1.96 (95% confi-
dence interval), the sample size was calculated according 
to the formula:

n = N (z2pq/d2)/([N-n + z2pq/d2])
For the entire CPP inmate population (N = 2100 

inmates), a statistically valid sample size would be at least 
130 fecal samples or, what is the same, the participation 
of at least 130 inmates. Finally, a total of 528 inmates par-
ticipated in the study, which represents 25% of the total 
prison population.

Questionnaires and sample collection
All the 528 participating inmates delivered signed con-
sents for voluntary participation. For the collection of 
sociodemographic (age, sex, country of birth, educa-
tional level, date of entry in prison, prison permit) and 
epidemiological (intestinal symptomatology, chronic dis-
eases) data, a basic structured questionnaire was used, 
with simple and individual answers, which were deliv-
ered to the inmate population participating in the study, 
although help for its correct completion was offered to 
those who request it. All questionnaires had an alpha-
numeric identification code, so that the total anonymity 
of the participants was maintained. The identities of the 
participants remained restricted within the prison envi-
ronment. The results of the present study were submitted 
to the CPP medical authorities for further action. Treat-
ment for positive cases was administered by the autho-
rized doctors in the CPP.
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During every collection visit, the researcher was 
accompanied by prison wardens who provided protec-
tion and assistance. Plastic stool containers were handed 
out to all 528 participants. The filled stool containers 
were collected over the next two days in refrigerated 
containers. Within 1–2 hours’ post-collection, the fresh 
faecal samples were transferred to the laboratory at the 
Department of Parasitology, Faculty of Pharmacy, Valen-
cia (Spain). In the present study, only one stool speci-
men was collected from each participant. Once the faecal 
samples arrived at the laboratory, a small portion of each 
fresh faecal sample was transferred into a 2 ml microcen-
trifuge tube, and kept at -20  °C until a future molecular 
study, and the rest was half preserved with saline and the 
other half fixed with 10% formalin. Both the question-
naire and stool sample were linked by the alpha-numeric 
identification code.

Laboratory procedures
528 preserved faecal samples were first, examined using 
the direct wet mount technique and, secondly, 2 gr fae-
cal material were processed by in-house formalin ether 
concentration technique for the presence of intestinal 
protozoa and helminths [28]. Two drops of the sediment 
were observed on a glass slide, covered with a cover-slip 
and viewed (at 100× and 400× magnification) under light 
microscopy. The sediment from each sample was ana-
lyzed simultaneously by two different researchers. Modi-
fied Ziehl-Neelsen staining was performed for detection 
and confirmation of coccidians.

Data analysis
Data analysis was done using STATA 16.1. The preva-
lence of intestinal parasite infections was calculated. 
Bivariate (Crude Odds Ratio = COR) and multivariate 
(Adjusted Odds ratio = AOR) analyss were run to deter-
mine the association and strength of association of vari-
ables with parasite infections, respectively. A significant 
value of p < 0.05 was used for all the tests. Variables with 
a p value of < 0.05 in bivariate analysis were used for the 
multivariable regression analysis model.

Results
Prevalence of intestinal parasites among inmates of CPP, 
Valencia, Spain
The prevalence of infection reached 15.7% (83/528) in the 
total population studied (Table 1). Only protozoan, with 
a spectrum of six species, were detected. The most pre-
dominant species in the entire population of prisoners 
studied was the gut microeukaryotic potential pathobi-
ont Blastocystis sp. (7.0%) (37/528). Moreover, among the 
group of 83 infected inmates, Blastocystis sp. infection 
appears with a frequency of 44.6% (37/83) and Giardia 
intestinalis with one of 12% (10/83).

Infections with a single species of protozoa (12.1%) 
(64/528) were more prevalent than co-infections 
(3.6%) (19/528), with statistically significant differences 
(p < 0.0001).

The prevalence of infection with pathogenic species 
(8.9%) (47/528) was similar to that of non-pathogenic 
species (8.7%) (46/528), and only 10 inmates (1.9%) 
(10/528) presented infections with both types of species.

Distribution of intestinal parasite infections among 
inmates by gender, age groups and according to intestinal 
symptoms
The distribution of intestinal parasite infections by gen-
der, age groups and according to intestinal symptoms 
is presented in Table  2. A greater number of men, 471 
(89.2%), were studied compared to women, 57 (10.8%). 
The prevalence of infection in men 15.2% (80/528) was 

Table 1  Distribution of intestinal parasite infections among 
inmates of CPP, Valencia, Spain, 2022

Infection rates of 
inmates
n/N % (CI 95%)

Total infection 83/528 15.7 
(12.8–19.0)

Blastocystis 37/528 7.0 (5.0-9.4)
Endolimax nana 30/528 5.7 (3.9–7.9)
Entamoeba coli 21/528 3.9 (2.5–5.9)
Giardia intestinalis 10/528 1.9 (0.9–3.4)
Entamoeba hartmanni 4/528 0.8 (0.2–1.8)
Chilomastix mesnili 3/528 0.6 (0.1–1.5)
Blastocystis + E. nana 6/528 1.1 (0.2–2.4)
Blastocystis + E. coli 3/528 0.5 (0.0-1.1)
Blastocystis + E. nana + E. coli 1/528 0.2 (0.0-0.9)
Blastocystis + E. nana + E. hartmanni 1/528 0.2 (0.0-0.9)
G. intestinalis + E. nana 1/528 0.2 (0.0-0.9)
Total Single infections 64/528 12.1 

(9.5–15.1)
Total Mixed infections 19/528 3.6 (2.2–5.5)
Total with pathogens/pot. pathogenic species 47/528 8.9 

(6.4–11.3)
Total with no pathogens 46/528 8.7 

(6.3–11.1)
With both (pathogens/pot. pathogenic species 
and no pathogens)

10/528 1.9 (0.9–3.4)

Only with pathogens/pot. pathogenic species 37/528 7.0 (5.0-9.4)
Only with no pathogens 36/528 6.8 (4.9–9.2)
Only with amebas 35/528 6.6 (4.5–8.7)
Only with flagellates 12/528 2.3 (1.2–3.8)
Only with pathobiont 28/528 5.3 (3.6–7.5)
With Amebas + flagellates 1/528 0.2 (0.0-0.9)
With Amebas + pathobiont 9/528 1.7 (0.8–3.1)
With Flagellates + pathobiont 0/528
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higher than that of women 0.6% (3/528), with statistically 
significant differences (p = 0.021).

The frequency of infection among the group of males 
reached 16.9% (80/471), of whom 45 (56.3%) harbored 
pathogenic species. In contrast, the frequency of infec-
tion among the group of females was 5.3% (3/57), two 
(66.7%) of them harbored pathogenic species.

Inmates were distributed in four age groups: 18–24 
years (4.5%); 25–34 years (21.8%); 35–44 years (36.2%); 
and ≥ 45 years (37.5%) (Table  2). No statistically sig-
nificant difference in intestinal parasite prevalence was 
detected among the age groups (p = 0.143).

The age group ≥ 45 years showed the highest prevalence 
of infection of 6.3% (33/528), and the age group of 18–24 
years was the least infected with intestinal parasites 
(0.8%) (4/528). Interestingly, the frequency of infection 
among the inmates in both age groups was similar (16.7% 
and 16.6%, respectively).

All age groups showed infections with pathogenic 
species, but they were most common in the age group 
of 35–44 years, of whom 14 (60.9%) inmates harbored 
pathogenic species.

Intestinal symptoms (abdominal pain and/or diarrhea) 
were reported by 11.3% (60/528) of inmates. Although 
intestinal parasites are thought to cause intestinal 
symptoms, the prevalence among those with intestinal 
symptomatology was low (1.7%) (9/528) (Table  2). We 
did not find an association between intestinal parasite 
infection and intestinal symptomatology, even report-
ing lower prevalence of infection than those who were 
asymptomatic (14.0%) (74/528). The bivariate analysis 
showed no association (p = 0.512) between intestinal 
parasite infection and intestinal symptoms (COR = 0.78, 
95%CI = 0.32–1.67).

In those inmates reporting intestinal symptomatology 
the frequency of intestinal parasite infection was 15% 
(9/60). Moreover, of those nine infected who reported 
intestinal symptomatology, five (55.6%) inmates pre-
sented pathogenic species.

Intestinal parasite infections and potential risk factors
The socio-demographic characteristics considered as 
potential risk factors were education level, country of 
birth, time spent in prison, and a recent prison exit per-
mit (Table 2).

Table 2  Socio-demographic characteristics, prevalence of intestinal parasite and bivariate and multivariate analysis of factors 
associated with intestinal parasites among inmates of CPP, Valencia, Spain, 2022 (* bivariate analysis; ** multivariate analysis). 
COR = crude Odds Ratio; AOR = adjusted Odds Ratio
Variables Socio-demo-

graphic
characteristics 
n/N (%)

Frequency of 
infection
n/group (%)

Prevalence
n/N (%)

COR
(95% CI)

p-value* AOR
(95% CI)

p-val-
ue**

Gender
male 471/528 (89.2) 80/471 (16.9) 80/528 (15.2) 3.68 0.021
females 57/528 (10.8) 3/57 (5.3) 3/528 (0.6)
Age groups (years)
18–24 24/528 (4.5) 4/24 (16.6) 4/528 (0.8) 3.69 0.143
25–34 115/528 (21.8) 23/115 (20.0) 23/528 (4.4)
35–44 191/528 (36.2) 23/191 (12.0) 23/528 (4.4)
≥ 45 198/528 (37.5) 33/198 (16.7) 33/528 (6.3)
Intestinal symptoms
no 468/528 (87.0) 74/468 (16.0) 74/528 (14.0) 0.78 (0.32–1.67) 0.512
yes 60/528 (11.3) 9/60 (15.0) 9/528 (1.7)
Education level
Primary school or less 221/528 (41.9) 42/221 (19.0) 42/528 (7.9) 0.65 (0.39–1.08) 0.079
Secondary school or higher 307/528 (58.1) 41/307 (13.3) 41/528 (7.8)
Country of birth
Spain 408/528 (77.3) 47/408 (11.5) 47/528 (8.9) 0.42 (0.23–0.78) 0.003 0.31 

(0.18–0.52)
< 0.0001

Other nationalities 120/528 (22.7) 36/120 (30.0) 36/528 (6.8)
Time spent in prison
≤ 2 years 331/528 (62.7) 62/331 (18.7) 62/528 (11.7) 1.93 (1.11–3.45) 0.013 1.83 

(1.06–3.14)
0.028

> 2 years 197/528 (37.3) 21/197 (10.6) 21/528 (4.0)
Recent prison exit permit
no 482/528 (91.3) 75/482 (15.6) 75/528 (14.2) 1.14 (0.44–2.61) 0.744
yes 46/528 (8.7) 8/46 (17.4) 8/528 (1.5)
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Inmates with a low level of education (primary school 
or less) had similar prevalence of intestinal parasites as 
those with a higher level of education (secondary school 
or higher) (7.9% (42/528) and 7.8% (41/528), respec-
tively). No association (p = 0.079) between presence of 
intestinal parasite and level of education was found in the 
bivariate analysis (COR = 0.65, 95%CI = 0.39–1.08).

Spanish inmates’ intestinal parasite prevalence was 
8.9% (47/528), higher than those observed in inmates 
from other nationalities (6.8%) (36/528). More con-
cretely, from the 120 foreigners, infection affected 15.8% 
South-Americans (19/120), 9% Europeans (11/120), 4.2% 
Africans (5/120) and 0.8% Asians (1/120). A statistically 
significant association (p = 0.003) between presence of 
intestinal parasite and country of birth was found in the 
bivariate analysis (COR = 0.42, 95% CI = 0.23–0.78).

The majority of the inmates who stayed in prison for 2 
years or less had higher prevalence of infection (11.7%) 
(62/528) compared to those who stayed longer (4.0%) 
(21/528). Moreover, the bivariate analysis showed the 
difference in intestinal parasite infection with the time 
spent in prison was statistically significant (p = 0.013), 
and inmates who had spent 2 years or less in prison have 
a higher risk of intestinal parasites infection (COR = 1.93, 
95%CI = 1.11–3.45).

Those who have not enjoyed a recent prison exit per-
mit had higher prevalence of infection (14.2%) (75/528) 
than those who have left prison with an exit permit 
(1.5%) (8/528). However, the bivariate analysis showed 
no association (p = 0.744) between the presence of intes-
tinal parasite and recent prison exit permits (COR = 1.14, 
95%CI = 0.44–2.61).

Inmates from other nationalities and those who had 
spent 2 years or less in prison host more frequently 
intestinal parasites (30.0% and 18.7%, respectively). 
Multivariate analysis, to see how the significant vari-
ables acted together and simultaneously, showed that 
country of birth shows a negative association (less than 
1) (AOR = 0.31, 95% CI = 0.18–0.52) (p < 0.0001), so the 
Spanish nationality could reduce the risk of infection, 
while less time spent in prison shows a positive associa-
tion (greater than 1) (AOR = 1.83, 95%CI = 1.06–3.14), so 
that could favor the risk of having infection (p = 0.028).

Discussion
Despite the fact that prison inmates are a population at 
higher risk than other groups of suffering from intestinal 
parasite infections in relation to their living conditions, 
information about these diseases in prison environments 
is still scarce. In Spanish prisons, only one study had been 
conducted prior to the present one in the Laboratory of 
Clinical Microbiology of the Hospital General Peniten-
ciario of Madrid, reporting a total prevalence of 10.2% of 
intestinal parasite infections in prison population [27]. 

Although in our study only protozoa were detected, those 
authors found an elevated presence of intestinal hel-
minths such as hookworms or Trichuris trichiura, prob-
ably in relation to the large proportion of African and 
Latin American inmates in the population of prisoners 
that these authors studied.

In other industrialized countries, data are only avail-
able for the 1960 and 1970  s in prisons from Canada, 
reaching a prevalence of 27.2% [26], and in inmates from 
an institution for mentally retarded patients in Finland, 
where the prevalence observed was 51.5% [25]. Those 
data are markedly higher than the ones observed in our 
study, but efforts aimed at improving infrastructures and 
sanitation systems in recent decades have surely contrib-
uted reducing the levels of parasite transmission. How-
ever, our results indicate that parasite transmission still 
occurs, mainly via fecal-oral and autoinfection routes.

Both the prevalences and the spectrum of parasites 
detected in our study were markedly different from those 
observed in prisons from Africa, where the prevalence 
ranged from 14.4% in Nigeria [19] to 72.7% in Ethiopia 
[13]; from Asia, where the prevalence ranged from 6.0% 
in inmates of the Central Jail of Kathmandu in Nepal 
[23] to 26.5% in Malaysia [22]; and, from South America, 
where the prevalence ranged from 20.2% in Midwest Bra-
zil [29] to 80% in inmates from Rio de Janeiro (Brazil) 
[30]. Moreover, detection of intestinal helminths such as 
hookworms, Strongyloides stercoralis, Trichuris trichiura, 
Ascaris lumbricoides, Hymenolepis nana, Taenia spp., 
Enterobius vermicularis or Schistosoma spp. is a common 
feature [5, 11, 13, 15, 17, 19, 20, 22–24, 29]. In fact, Terefe 
et al., [18] reported a prevalence of 47.4% of intestinal 
helminths among inmates in the Bedele prison in Ethio-
pia. In contrast the absence of intestinal helminths in our 
study supports that the main route of parasite infection 
in our environment is related to direct and fecal-oral 
transmission and, even, water-borne infection. However, 
it should be noted that we have not performed either the 
Kato-Katz technique or the specific technique to detect 
E. vermicularis or S. stercoralis infection.

Despite the fact that the sizes of each population were 
markedly different, we observed significantly more infec-
tions in male inmates than in female inmates. This is a 
common feature, and, sometimes, it has been related to 
different hygienic practices such as washing hands after 
meals or after visiting the toilet [5, 13]. Probably, the 
greater number of inmates in the male penitentiary mod-
ules and the subsequent overcrowding can also contrib-
ute to the higher prevalence of infection [29].

We found no association between the presence of 
parasites and the appearance of intestinal symptoms, 
probably due to the similar number of pathogenic and 
non-pathogenic species detected. However, patho-
genic species such as E. histolytica/dispar is commonly 
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the most frequent protozoa in prisons from Africa and 
Latin America [5, 13, 29]. In contrast, in our study, E. 
histolytica/dispar was not detected since it is rarely found 
in Europe and just the pathogenic/potentially pathogenic 
species Blastocystis sp. (44.6%) and the pathogenic G. 
intestinalis (12.0%) showed the highest frequency among 
the infected inmates. We recognize that there is some 
controversy in relation to the role of Blastocystis sp. as a 
pathogenic entity causing human disease [22] but, under 
this uncertainty, we have preferred to consider it as a 
potentially pathogenic pathobiont.

Traditionally, a higher level of education among 
inmates has been associated with a lower level of intesti-
nal parasite infections due to a greater awareness of infec-
tion risks. In fact, previous studies in Kenya and Ethiopia 
showed greater prevalences in unschooled inmates than 
in those who had been in post-primary education [5, 31]. 
However, we did not find differences between infected 
inmates with primary education (7.9%) and those with 
high school education (7.8%). Although it is difficult to 
compare, these results could be conditioned by the differ-
ent levels of schooling between Spain and the countries 
analyzed in the previously mentioned studies.

Our results indicate that despite the significant 
improvement of the sanitary conditions of the prisons 
in Spain in the latest decades, further efforts need to be 
made to control fecal-oral routes of parasite transmis-
sion, either directly from person-to-person o indirectly 
through water or food. We also observed higher preva-
lence of infection in inmates with less than two years of 
incarceration (than in those with a longer stay in prison). 
On the one hand, this could be due to greater levels of 
immunity in long-term inmates due to continuous expo-
sure. On the other hand, lesser time spent in prison could 
favor the risk of having infection. Another association 
found showed that the Spanish country of birth could 
reduce the risk of infection. With both results we can 
assume that foreigner’s inmates with ≤ 2 years in prison 
present the greatest risk of having infection. No associa-
tion was found between the presence of intestinal para-
site infections and recent prison exit permits.

Strikingly, in our study the prevalences of Blastocystis 
sp. and G. intestinalis were markedly lower than those 
estimated for the non-prisoner population in Spain. The 
prevalence of Blastocystis sp. was estimated at about 17% 
in the adult population [32] and from 3 to 7% for G. intes-
tinalis in asymptomatic individuals [33]. However, data 
on the prevalence of intestinal parasitic infections in the 
general population could be highly biased and underes-
timated for several reasons: (i) intestinal infections with 
protozoa are not a compulsory notifiable disease in Spain 
which makes difficult to assess the burden of these infec-
tions in the country; (ii) reliable epidemiological informa-
tion is restricted to certain geographical areas, whereas 

only incomplete or outdated information is currently 
available from most parts of the country; (iii) prevalences 
of human blastocystis and giardiasis in Spain have been 
mainly studied in specific populations such as children, 
immigrants, or hospitalized people; and (iv) a significant 
percentage of infections may be asymptomatic which can 
mask many cases. These facts make it difficult to compare 
the inmate and non-inmate population, so greater efforts 
are needed to determine the real situation of these infec-
tions inside and outside prison and to establish the nec-
essary measures in both settings.

In summary, we have studied the current status of 
intestinal parasite infections in a Spanish prison. Despite 
the fact that it is very complex to establish a comparison 
with the general situation of these infections in the coun-
try, our data indicate that protozoan infections via fecal-
oral transmission actively occur, which indicates the need 
to make efforts to improve sanitary conditions in prisons. 
The risk of having infection is favored in foreigners with 
less time spent in prison so the main recommendation 
would be to introduce routine parasitological tests upon 
entering prison and avoid, as far as possible, the trans-
mission of intestinal parasites in those environments.
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