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of Strongyloides Larvae in the Stools
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Abstract

Background: Significantly higher prevalence of Strongyloides stercoralis has been reported in chronic alcoholic patients. The
aim of this investigation was to report the prevalence of Strongyloides larvae in stools of chronic alcoholic patients with
known daily ethanol intake.

Methods: From January 2001 through December 2003 the results of fecal examinations and the daily ethanol intake were
retrieved from the records of 263 chronic alcoholic and from 590 non-alcoholic male patients that sought health care at the
outpatients unit of the University Hospital C A Moraes. Alcoholic patients were separated into four groups, with 150g
intervals between the groups according to the daily ethanol intake.

Results: (a) The frequency of Strongyloides was significantly higher in alcoholic patients than in control group (overall
prevalence in alcoholic 20.5% versus 4.4% in control group; p=0.001). Even in the group with a daily intake of ethanol equal
to or less than 1509 the prevalence was higher than in control group, although non significant (9.5%, versus 4.4% in control
group; p=0,071); (b) the prevalence of Strongyloides in alcoholic patients rises with the increase of ethanol intake (Pearson’s
Correlation Coefficient =0.956; p=0.022), even in patients without liver cirrhosis (Pearson’s Correlation Coefficient=0.927;
p=0.037).

Conclusion: These results confirm and reinforce the hypothesis that chronic alcoholism is associated with Strongyloides
infection, which is in direct relationship with the severity of alcoholism, independently of the presence of liver cirrhosis.
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Introduction

The presence of Strongyloides stercoralis larvae was reported to be
higher in the stools of chronic alcoholics than in the stools of
nonalcoholic patients at the same hospital in two different studies
in Brazil (in Uberlandia, MG [1] and in Vitoria, ES [2]).

The association of ethanol abuse and Strongyloides also has been
reported by other researchers, although control groups were not
used in these observations. In a report on the prevalence of
Strongyloides in patients with liver cirrhosis in Juiz de Fora, MG,
Brazil [3], the data presented showed a high prevalence of the
larvae in patients with liver cirrhosis associated with chronic
alcoholism. However, the authors did not comment on the
possible effect of ethanol abuse on Strongyloides infection. Avendaiio
et al [4] found 5% of Strongyloides in stools of 106 chronic alcoholics
in Costa Rica. These authors did not use controls. However the
prevalence observed was higher than the 0.9% reported in a
national survey for intestinal parasites, although in this survey a
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less sensitive method to identify Strongploides larvae was used.
Adedayo et al [5] reported 27 cases of disseminated strongyloi-
diasis in the Caribbean island of Dominica, and found that chronic
alcoholism was a relevant factor associated with poor prognosis of
infection. Recently, Silva et al. [6], while describing the presence
of Strongyloides infection in HIV/AIDS patients, emphasized that
the prevalence was significantly higher in HIV/AIDS patients
with abusive use of ethanol than in non alcoholic HIV/AIDS
patients.

Higher prevalence of Strongyloides has been reported in alcoholic
patients with liver cirrhosis and chronic pancreatitis than in
alcoholic patients without these complications of alcoholism [1].
Although this observation has not been confirmed in another study
with a large sample of chronic alcoholic patients [2], high
prevalence of the parasite in cirrhotic is an indirect demonstration
of a correlation between the severity of alcoholism and the
prevalence of Strongyloides in alcoholic patients. However great
number of heavy drinkers never develops liver cirrhosis or chronic
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Author Summary

It has been reported that Strongyloides stercoralis infection
is more prevalent in chronic alcoholic patients than in non
alcoholics living in the same country. In a retrospective
study on the prevalence of S. stercoralis infection in a large
sample of alcoholic patients, we demonstrate that this
prevalence is significantly higher than in non-alcoholic
patients admitted at the same hospital. Moreover, the
frequency of the parasite was in close relationship with the
daily amount of ingested ethanol, even in the absence of
liver cirrhosis, reinforcing the idea that chronic alcoholism
is associated with increased susceptibility to Strongyloides
infection. Beside the bad hygiene profile of alcoholic
patients, which explains high risk for acquisition of the
parasite, the high prevalence of S. stercoralis in alcoholics
may be in relationship with other effects of ethanol on the
intestinal motility, steroid metabolism and immune
system, which could enhance the chance of autoinfection
and the survival and fecundity of females in duodenum. In
this way, the number of larvae in the stools is higher in
alcoholic patients, increasing the chance of a positive
result in a stool examination by sedimentation method.

pancreatitis and, in all the reports cited above, there was no
attempt to establish a relationship between the severity of
alcoholism and the prevalence of Strongyloides. It could be said
that the higher the ethanol intake the higher the alterations in the
defense mechanisms would be, which could promote the
installation and survival of Strongploides larvae. To test this
hypothesis we investigated the frequency of Strongyloides larvae in
the stools of chronic alcoholics, whose daily ethanol intake was also
evaluated.

Methods

Records of 563 alcoholic patients at the outpatient integrated
health care unit for alcoholic patients at the University Hospital C
A Moraes from January 2001 through December 2003, were
reviewed. The inclusion criteria were: adult male, in which records
there was result of fecal examination and sure information on
presence or absence of liver cirrhosis and on daily ethanol intake.
After reviewing all records, 263 chronic alcoholic patients (103
with liver cirrhosis and 160 without cirrhosis) were included in the
study.

The results of stool examinations of 590 non alcoholic male
patients, admitted to the same hospital, during the same period,
were collected from the records and used as a general prevalence
of Strongyloides in non-alcoholic patients that received medical care
at this hospital. Records of patients who attended to different
divisions of the Hospital, and who fulfilled the following inclusion
criteria, were selected: adult male, 20-65 years old, in which
record there was a result of fecal examination and information
necessary to exclude chronic alcoholism.

For all patients, alcoholic and non alcoholic, the stool
examinations were carried out in three samples using the
sedimentation method.

The diagnosis of chronic alcoholism was according to the WHO
criteria (F10.2, ICD 10, 2002).Presence of liver cirrhosis was
confirmed by clinical, laboratory, image and endoscopy for
esophageal varices.

To calculate the correlation between the ethanol intake and the
prevalence of Strongploides larvae in stools, the chronic alcoholic
patients were divided into four groups, according to their daily
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ethanol intake: 60 to 150g/day, 151 to 300g/day, 301 to 450g/day,
and over 450g/day.

Statistical calculations were carried out using the version 9.0 of
SPSS for Windows Frequencies were calculated with 95%
confidence intervals and the Pearson correlation test was used to
correlate the frequency of larvae in stool examinations with the
daily ethanol ingestion. To calculate the Pearson’s correlation
coeflicient it was considered as a reference value for daily ethanol
ingestion for each group the highest value for each class interval:
150g (group 60-150g), 300g (group 151-300g), 450¢g (group 301—
450g) and 600g ( group over 451g). Values of p less than 0.05 were
considered significant.

This research was approved by the Ethical Committee of the
Federal University of Espirito Santo. All patients signed a consent
form allowing the use of data registered in their records for the
present research objective.

Results

The mean age was 46.5%9.1 years (median 44) in the 263
alcoholic patients and 44.8*16.lyears (median 42) in the non
alcoholic group. We did not collect sure information on
socioeconomic pattern of each alcoholic and non alcoholic patient.
The great majority of patients (86%) in both groups came from the
neighborhoods of the urban periphery of metropolitan Vitéria
where people with low income live in similar sanitary conditions.

Table 1 summarizes the prevalence of Strongyloides stercoralis in
stools of the chronic alcoholics according to the daily intake of
ethanol and the frequency of Strongyloides larvae in stools of the non
alcoholic group.

The overall frequency of Strongyloides in chronic alcoholics was
20.5% (95% CI=15.7-25.3), significantly higher than 4.4%
(95% CI= 2.8-6.1) in non alcoholic patients admitted to the
same hospital. Other nematodes identified were, respectively in
alcoholic and non alcoholic group: Ascaris  lumbricoides
(1 6.7% x5.4%), Trichwris trichiura (1.5% %x1.3%), Ancilostomidae
(1,14% x0.8%), Schistosoma mansoni (0.25% x1.0%) and Taenia sp
(0.02% x0.015%). No significant differences between the frequen-
cies were observed. Cirrhosis was diagnosed in 103 alcoholic
patients. In this group the prevalence of Strongyloides was 17%
versus 23% in alcoholic patients without cirrhosis (p = 0,842).

The analysis of the frequency of Strongyloides larvae in stools of
the different groups of alcoholic patients, separated by the daily

Table 1. Frequency of Strongyloides larvae in stools of 263
chronic alcoholic patients grouped according the daily
ethanol intake and in 590 nonalcoholic patients admitted at
the same hospital.

Daily ethanol intake (g) S.stercoralis % (95% CI) P value®

Positive Negative

Non alcoholic patients 26 564 4.4 (2.8-6.0)

(N=590)

60-150 (N=53) 5 48 9.5 (2.3-16.7) 0.071
151-300 (N=91) 13 78 14.3 (7.2-21.5) <0.001
301-450 (N=92) 24 68 26,1 (17.2-35.0) <0.001
>450 (N=27) 12 15 48.0 (29.2-66.8) <<0.001
All alcoholic patients 54 209 20.5 (15.7-25.3) <0.001
(N=263)

*Chi-square or Fisher exact test in comparison with non alcoholic group.
doi:10.1371/journal.pntd.0000717.t001
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ethanol intake, demonstrated a strong correlation between these
two variables (Pearson’s correlation coefficient = 0.956; p = 0.022).
In addition, Chi square comparison demonstrated significant
differences in the frequency of Strongyloides among the different
groups of alcoholic patients (Chi square = 22.54; p<<0.001) , and
between each group of alcoholic patients and the non alcoholic
group, except for the group with ethanol ingestion 60 to 150g/day,
as shown in Table 1. When analyzed the correlation between the
amount of daily ethanol intake and the prevalence of Strongyloides in
the group without cirrhosis (160 patients) a significant correlation
is maintained (Pearson’s correlation coeflicient = 0.927, p = 0.037).

Discussion

The samples analyzed included only male alcoholics, because
chronic alcoholism is more frequent in men. At the University
Hospital outpatient unit for integrated health care for alcoholics,
the male to female ratio for alcoholic patients is around 11:1 [7].

Although the sedimentation method is not highly sensitivity to
Strongyloides larvae identification, it was used in both alcoholic and
control groups, allowing an impartial comparison.

The results presented here confirm that the prevalence of
Strongyloides larvae in stools of chronic alcoholic patients is higher
than in non alcoholic patients admitted to the same hospital.
Prevalence of other helminthes did not differ between alcoholic
and nonalcoholic patients, confirming our previous report [2].
Although we did not collect accurate information on socioeco-
nomic pattern of patients, samples were collected from patients
coming from similar neighborhoods (low-income dwellings),
where they live in similar sanitary conditions. Thus the
conclusion that the prevalence of Strongyloides larvae is higher in
alcoholic than in non-alcoholic group may consider the caveats
resultant from the assumption that the two samples are
comparable. As we reported earlier [2] there was not a significant
difference between the frequencies of S stercoralis between patient
with or without cirrhosis. In addition, the data demonstrated that
there is a positive correlation between the intensity of alcoholism
and the prevalence of the parasite in stools and that this positive
correlation persists if we consider only the patients without
cirrhosis. This observation corroborates and reinforces the
hypothesis that chronic alcoholism favors the infection of
Strongyloides stercoralis and/or enhances the survival of the worm
in the duodenum and/or enhances larval elimination, thus
increasing the chance of a positive stool examination. The worm
infection and/or survival or increased larval elimination is
favored even in absence of liver cirrhosis.

Although the observations presented here confirm and reinforce
the idea that chronic ethanol intake is a factor associated with
Strongyloides infection, there is not a clear-cut explanation for the
high frequency of this parasite in alcoholics. We do not know if the
high prevalence of Strongyloides in chronic alcoholics is due to low
hygiene profiles, favoring the infection or reduction in intestinal
motility, favoring autoinfection or immune deregulation induced
by ethanol, favoring parasite survival and autoinfection.

The reduction of gastrointestinal transit caused by effects of
ethanol on muscle proteins or on vagal stimulation [8,9] may be a
factor enhancing autoinfection. Decreased intestinal motility
permits delay of rhabditiform larvae in intestinal lumen, favoring
the chance of their maturing to the infective filariform larvae, thus
increasing the risk of autoinfection [10].

Oliveira et al. [1] and Zago-Gomes et al. [2] emphasize
immune deregulation as the main factor favoring parasite survival
and autoinfection. In fact chronic ethanol abuse interferes with the
mnate and adaptive immune response, both in human beings and
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experimental animals (review in [11-16]). There are defects in T
cell functions, especially in helper T cell type 1 (THI1) immune
response [17]. However, it secems that helper T cell type 2 (TH2)
immune response is not impaired by the consumption of ethanol
[18,19]. Mice chronically treated with ethanol presented normal
response to larvae of S. stercoralis inoculated into chambers
implanted in the subcutaneous tissue [20]. For these reasons it is
difficult to pin point immunosuppression induced by ethanol as the
major factor for the increased prevalence of Strongyloides in chronic
alcoholics, because the TH2 response, the most important
resistance against this worm in humans [21,22], is not depressed
by ethanol abuse. However, cells of the innate immune system
may have functional impairment in chronic alcoholics (review in
[13-16]) and some of these cells as neutrophils and eosinophils,
play a role in innate and adaptive immune response to Strongyloides
larvae, as demonstrated in mice [23,24].

Other mechanisms triggered by ethanol abuse may be involved
in the development of rhabditiform larvae, increasing their
differentiation into infective filariform larvae, thus favoring
autoinfection. In this way, the number of females would be
increased in the duodenum, increasing the number of rhabdit-
iform larvae in the stools, enhancing their chance to be found in a
stool examination. Two such mechanisms may be considered: (a)
an increased production of steroid metabolites that resemble
ecdysones [25] and (b) a deregulation of immune response leading
to alterations in antibody or T cells functions, that can interfere
with larval development, as demonstrated in experimental animals
[26] and humans [27].

Ethanol influences steroid metabolism by interfering with the
activity of hepatic microsome oxidases [28] and increasing the
corticoid production by enhancing the activity of the hypothala-
mus-hypophysis-axis [29]. Both effects can increase the level of
steroid metabolites and some of them are similar to ecdysones,
which are hormones that regulate the development of the
nematode larvae [25]. Thus the increased levels of corticoid
metabolites could enhance the fecundity of female worms,
increasing the number of rhabditiform larvae and the direct
development of these larvae into the infective filariform larvae,
favoring autoinfection.

Although ethanol abuse preserves the TH2 function, it is
possible that the depressed TH1 function and reduction in innate
immune mechanisms may interfere with immune mechanisms that
influence the developmental choice of developing rhabditiform
larvae. The possible influence of host immune response on larval
development 1s supported by the evidence, in rats, that the absence
of anti-Strongyloides ratti immune response favors the direct
development of larvae into the infective filariform larvae, while
the indirect development into free living male and female adults is
favored in the presence of such immune response [26]. An
apparent opposite effect of immune dysfunction seems to affect the
development of . stercoralis larvae, as demonstrated in HIV
infected patients, super-infected with the nematode. An inverse
relationship between the number of CD4+ circulating T cells and
the direct development of rhabditiform larvae into infective
filariform larvae was demonstrated in those patients [27], an
indication that immune deregulation also interferes with the
development of S. stercoralis larvae. Although the effect of host
immune status on the development of Strongyloides is different
between S. ratti and S. stercoralis in their respective hosts, it is
possible that immune deregulation may influence the larval
development. As chronic alcohol abuse interferes with the immune
response, this immune deviation may be favoring the direct
development of rhabditiform larvae into infective filariform larvae
thus enhancing autoinfection and increasing the number of worms
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in the duodenum and the chance of finding larvae in the stool
examination.

In conclusion our results indicate that ethanol abuse is a factor
assoclated with the high prevalence of Strongploides larvae in stools,
with a positive correlation to the intensity of alcoholism, even in
absence of liver cirrhosis. The association of chronic alcoholism
with Strongyloides infection may be either by the direct effect of
ethanol on the immune system, or by factors closely associated to
living conditions of severely alcoholized persons. Further investi-
gations are necessary to uncover the possible mechanisms involved
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