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Abstract

Strongyloidiasis control is associated with a Th2 immune response. However, alcohol

ingestion plays an important role in modulating the immune system. The aim of this

study is to evaluate the occurrence of Strongyloides stercoralis infection in alcoholic

patients, the levels of circulating cytokines (IFN-γ, IL-2, IL-4, IL-5, IL-10, IL-15 and IL-

17), and its correlation with modulation of parasitic load in alcoholic individuals

infected with S. stercoralis. A total of 336 alcoholic patients, treated at the Alcoholic

Care and Treatment Center were included in this study. The cytokine levels were

measured by a commercial ELISA in 80 sera divided into four groups with 20 individ-

uals each: alcoholics infected (ASs+) and not infected (ASs-) with S. stercoralis and

non-alcoholics infected (NASs+) and not infected (NASs-) with the helminth.

S. stercoralis frequency in alcoholic patients was 16.1% (54/336). The parasitic load

varied from 1 to 546 larvae/g of faeces, median and interquartile range (IQR) of

9 and 1.0–62.5 larvae/g of faeces, while in non-alcoholic individuals the parasitic load

was less than 10 larvae/g of faeces. Levels of circulating IL-4 were significantly higher

in ASs+ when compared with NASs- group (p < .05). An inverse correlation between

serum levels of IFN-γ and parasitic load in alcoholic patients infected with

S. stercoralis was observed (r = �601; p < 0.01). These results suggest that modula-

tion of IFN-γ production occurs in alcoholic individuals with high parasitic burden.
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1 | INTRODUCTION

Strongyloides stercoralis infection is more prevalent in tropical and

subtropical countries and affects approximately 600 million people

worldwide.1 However, this number is underestimated, due to the low

sensitivity of the diagnostic methods used. Generally, S. stercoralis

infection is asymptomatic or presents mild gastrointestinal symptoms.

However, in immunocompromised patients, the infection can develop

into a severe form, hyperinfection and dissemination, which can

potentially be fatal.2 Conditions associated with alteration in the immune

response, such as high dose of corticosteroids, alcoholism, and HTLV-1

coinfection can lead to severe strongyloidiasis.2–5 Alcohol has an impor-

tant role in modulating the immune system, both in the innate and adap-

tive response. The effects of alcohol vary according to acute or chronic

exposure.6 Prolonged alcohol consumption results in an increased pro-

duction of TNF-α by macrophages and the activation of the inflamma-

tory cascade.6,7 However, moderate alcohol intake has no significant

effect on the serum levels of these cytokines.8
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The prevalence of S. stercoralis infection in alcoholic patients

varies from 14.5% to 40.2%.3–5,9–11 In Latin America, alcoholism is

higher than in the rest of the world. In major Brazilian cities it reaches

9.4% of the population, being one of the main causes of morbidity

and mortality.12,13 The alcoholism pathogenesis is complex, with sev-

eral harmful consequences for the human body and, generally, it is

associated with hepatic alterations, from moderate to severe,

and other comorbidities, such as anaemia and malnutrition5,14,15

Moreover, the association of S. stercoralis infection and alcoholism

increases endogenous cortisol and parasitic load, as observed by our

research group.16 The social vulnerability of alcoholics possibly

increases the exposure to S. stercoralis infection and, once infected,

the endogenus cortisol and its metabolites stimulates the transforma-

tion of rhabditiform (L1) larvae into filariform (L3) larvae, leading to

internal autoinfection and the consequent increase in the parasitic

burden,4,5,17 by mimetizing the effect of ecdysone, a parasitic hor-

mone that stimulates the transformation of rhabditiform to filariform

infective larvae, producing hyperinfection and parasite dissemination.

We have recently demonstrated that alcoholic patients infected with

S. stercoralis present a lower production of specific IgE and IgG1,

compared to non-alcoholic individuals.3 IgE is an important immuno-

globulin in the immune response to S. stercoralis infection, as it is

thought to mediate mast cell and eosinophil degranulation, which

may lead to parasite expulsion.18

It has been suggested that molecules secreted by helminths can

modulate the immune response to autoimmune and inflammatory

diseases.16 The S. stercoralis infection usually stimulates a Th2 cellu-

lar response resulting in a predominance of cytokines, such as IL-4,

IL-5 and IL-1319 and increased levels of IL-10, which are crucial in

the host defence against S. stercoralis infection. However, there is

little scientific evidence associating the control of S. stercoralis infec-

tion by cytokines circulating response. In this way, the aim of this

study was to evaluate the occurrence of S. stercoralis infection in

alcoholic patients, the levels of circulating cytokines (IFN-γ, IL-2,

IL-4, IL-5, IL-10, IL-15 and IL- 17) and its correlation with the

parasitic load.

2 | MATERIALS AND METHODS

2.1 | Sampling

This was a cross-sectional study conducted with 336 male

patients, aged 20–65 years-old, clinically diagnosed as alcoholics,

and treated at the Alcoholic Care and Treatment Center (Centro de

Acolhimento e Tratamento de Alcoolistas–CATA) of the Charitable

Works Foundation of Sister Dulce (Obras Sociais Irmã Dulce–OSID),

Salvador, Bahia, Brazil, from April 2017 to August 2018. Non-

alcoholic male patients, in the same age range as the alcoholic

group, were selected among the individuals attended at the Labora-

tory of Clinical and Toxicological Analysis of the Faculty of Phar-

macy, Federal University of Bahia, Brazil, in the same period.

Cytokine evaluation was conducted on 80 individuals who were

divided into four groups and paired by age as follows: (1) 20 alco-

holic patients infected with S. stercoralis (ASs+) and (2) 20 alcoholic

patients non-infected with S. stercoralis (ASs-). In the same way,

infected and non-infected non-alcoholic individuals were matched:

(3) 20 non-alcoholics infected with S. stercoralis (NASs+) and

20 non-infected (NASs-).

Patients with diabetes, autoimmune diseases and infected with

viral hepatitis B and C, HIV and HTLV and/or using immunosuppres-

sive drugs were excluded from the study.

This study was approved by the Research Ethics Committee

of the Nursing School at the Federal University of Bahia,

Brazil, number 367.464. All study participants signed an informed

consent form.

2.2 | Parasitological diagnosis and quantification
of the parasitic burden in S. stercoralis infection

The parasitological diagnosis was performed using three different

methods (spontaneous sedimentation, Baermann-Moraes and agar

plate culture).20–22 Three stool samples from each patient were

TABLE 1 Serum levels of cytokines in alcoholic and non-alcoholic patients infected and non-infected with Strongyloides stercoralis.

Cytokines (pg/ml)

Serum levels of cytokines (g-mean [95% CI])

Alcoholics Non-alcoholics

S. stercoralis infection S. stercoralis infection

Positive (ASs+) (n = 20) Negative (ASs–) (n = 20) Positive (NASs+) (n = 20) Negative (NASs–) (n = 20)

IFN-γ 36.2 (22.7–57.7) 40.9 (30.2–55.4) 42.7 (30.9–58.9) 27.1 (16.5–44.6)

IL-2 25.2 (20.0–31.7) 23.0 (18.7–28.3) 22.4 (16.9–29.8) 27.8 (17.8–43.4)

IL-17 19.2 (14.2–25.8) 19.2 (14.2–25.9) 17.7 (14.3–21.8) 28.2 (17.2–46.1)

IL-15 47.0 (37.5–59.1) 34.3 (27.8–42.3) 43.8 (33.9–56.4) 42.6 (31.8–57.1)

IL-10 268.0 (186.1–385.9) 297.4 (272.5–324.6) 200.0 (135.6–294.9) 292.6 (252.0–339.6)

IL-4* 33.3 (31.4–35.2) 32.4 (30.8–34.0) 31.2 (31.2–31.2) 39.1 (33.2–46.0)

IL-5 43.9 (27.5–70.1) 57.5 (35.5–93.1) 70.7 (41.2–121.3) 47.9 (29.8–77.0)

*p < .05, Kruskall-Wallis test (ASs+ vs. NASs–).
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collected on alternate days. S. stercoralis parasitic load was quantified

with the Baerman-Moraes method using 1 g of faeces.

2.3 | Serum cytokine levels

The cytokines IFN-γ, IL-2, IL-4, IL-5, IL-10, IL-15 and IL-17 were

measured using the ELISA method, according to the manufacturer's

information (R&D Systems, Inc., USA).

2.4 | Statistical analysis

The data were analysed using the GraphPad Prism 5.0 program

(GraphPad, San Diego, CA, USA). Fisher's test was used for compari-

sons between frequencies and proportions. Cytokine levels were

expressed as geometric mean (g-mean) and a 95% of confidence inter-

val (CI). A comparison between more than two groups was assessed

by Kruskal-Wallis Test with Dunn's Multiple Comparison Test. The

Mann–Whitney Test was used to compare levels of cytokines

F IGURE 1 Cytokine levels (pg/ml) in serum samples from alcoholic patients, infected (ASs+, n = 20) and non-infected with Strongyloides
stercoralis (Ass–, n = 20) and non-alcoholic patients infected (NASs+, n = 20) and non-infected with S. stercoralis (NASs-, n = 20). *p <.05,
Mann–Whitney test. Horizontal bars (in the graph) represent the geometric means.
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between individual infected with low or high parasite load.

Spearmann's correlation was used to assess the correlation of para-

sitic load and cytokine concentration. All probabilities of the tests

were performed to a 95% significance level. Statistically significant

differences were considered when the p-value was less than .05.

Strongyloides stercoralis parasitic load was divided into two

groups: <10 larvae/g of faeces and ≥10 larvae/g of faeces. This classi-

fication was based on our experience in the laboratory routine, where

it was observed that 95% of asymptomatic immunocompetent

patients had less than 10 larvae/g of faeces.

3 | RESULTS

Strongyloides stercoralis was the most frequent pathogenic parasite

in alcoholics patients treated at the Centro de Acolhimento e Tratamento

de Alcoolistas (CATA), Salvador, Bahia, Brazil (n = 336), 16.1% (54/336),

followed by helminhts such as, hookworm, 4.5% (15/336), Schistosoma

mansoni 2.1%, (7/336) and Ascaris lumbricoides 1.2% (4/336). Among the

potentially pathogenic intestinal protozoa, Giardia duodenalis was the most

frequent, 1.5% (5/336) followed by Entamoeba histolytica/dispar/mosh-

kovskii, 1.2% (4/336). The frequency of other pathogenic parasites was

less than 1%. (Table S1).

The cytokines IFN-γ, IL-2, IL-15 IL-17 and IL-10 did not show

significant differences between groups, although the levels of IL-17

and IL-10 were slightly lower in NASs+ group (Table 1). The IL-4

levels were higher in NASs- (39.1 pg/ml) when compared with ASs+

individuals (33.3 pg/ml, p < .05). IL-5 was higher in NASs + when

compared to ASs+, although it was not significant (Table 1 and

Figure 1). An inverse correlation between IFN-γ serum concentration

(pg/ml) and parasitic load in alcoholic patients infected with S. stercoralis

was observed (Table 2).

Strongyloides stercoralis parasitic load in alcoholic patients varied

from 1 to 546 larvae/g of faeces, median and interquartile range (IQR)

of 9 and 1.0–62.5 larvae/g of faeces, while in non-alcoholic individ-

uals the parasitic load was less than 10 larvae/g of faeces. IFN-γ levels

presented an inverse correlation with parasitic load (r = �0.601). In

the groups of individuals with an excretion less than and greater than

10 larvae/g of faeces, the levels of IFN-γ were 56.7 and 18.5 pg/ml,

respectively (p < .05) (Table 2). In two patients with a parasitic load of

171 and 546 larvae per g/faeces, the levels of IL-5 were elevated,

259 and 129 pg/ml, respectively, when compared with patients with a

parasitic load of ≤124 larvae per g/faeces (63.3 ± 81.6 pg/ml).

4 | DISCUSSION

A high frequency of parasitic infections is associated with inadequate

sanitary conditions and low socioeconomic status, mainly in underdevel-

oped and developing countries, where the temperature and humidity

provide a suitable environment for the transmission of enteroparasites.

S. stercoralis infection in immunocompromised patients can lead to

severe hyperinfection and/or dissemination of strongyloidiasis.4,9,17T
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Studies from our laboratory reported a frequency of S. stercoralis

infection in alcoholic patients varying from 14.5% to 23.5%.3,4,9,17 Also,

our research demonstrated that alcoholics excrete a higher number of

parasites in the faeces when compared to non-alcoholic patients.17 In this

study, the frequency of S. stercoralis infection was 16.1% (54/336). In

addition, in agreement with previous data, a high parasitic burden in sev-

eral patients was observed. One possible mechanism in the enhancement

of S. stercoralis excretion is the increased level of endogenous cortisol

and its metabolites in chronic alcohol abusers. Cortisol presents an effect

similar to ecdysone, a parasitic hormone that stimulates the transforma-

tion of rhabditiform to filariform infective larvae, leading to internal auto-

infection and the consequent increase in the parasitic burden.5

Alcohol plays an important role in the modulation of the immune

system, in both innate and adaptive responses. The effects vary

according to acute or chronic exposure.6 Our results demonstrate that

the median levels of IFN-γ, IL-2, IL-5, IL-10, IL-15 and IL-17 were sim-

ilar between all groups of alcoholics and non-alcoholics, infected or

not, with S. stercoralis. Although, there were no differences in the

IFN-γ levels among the groups, it is interesting to note the inverse

correlation between IFN-γ concentrations and parasitic load in ASs+,

described here for the first time, to our knowledge. This result sug-

gests that a high parasitic load (>10 larvae g/faeces) may be required

to down-regulate IFN-γ production. Indeed, a level about three times

higher of serum IFN-γ was observed in patients with lower parasitic

load (≤10 larvae g/faeces; 56.7 pg/ml), when compared with higher

parasitic load individuals (>10 larvae g/faeces; 18.5 pg/ml). A higher

number of patients is required to verify this finding. Neupane et al.

showed that patients with alcoholism and depression comorbidity had

high levels of IL-6, IFN-γ and TNF, but not IL-10, when compared

with alcoholic individuals without depression, which suggests the

depression factor may contribute to an increase of these cytokines

through stress.23 Although it is not statistically significant, IL-17 also

presented a inverse correlation tendency with the excretion of

S. stercoralis (r = �0.410). We have previously observed that among

the cytokines analysed, only IL-17 increased 19 times after the treat-

ment of strongyloidiasis in a hyperinfected patient with HTLV-1.24

The stimulator-regulatory balance of the cytokine production network

in comorbidities must be analysed by taking into consideration multi-

ple factors that may interfere with the fine regulation of immune

responses.

IL-15 was discovered by its structural similarity to IL-2 and is pro-

duced by multiple tissues.25 Rajamanickam et al. demonstrated that

the levels of IL-15 decreased in the sera of patients infected with

S. stercoralis.26 Our results showed no differences in IL-15 production

between all groups of alcoholics and non-alcoholics, infected or not,

with S. stercoralis. In this context, it is possible that the consumed

amount of alcohol that was not measured in the alcoholic patients

may have modulated the immune response.

In our study, lower IL-4 levels were observed in alcoholic

individuals infected with S. stercoralis when compared with non-alco-

holic non-infected individuals. This suggests an alteration of IL-4 pro-

duction only when both alcoholism and infection are present. In

relation to IL-5 levels, no statically significant differences among

groups were observed. However, in two alcoholic patients with a high

parasitic load, 171 and 546 larvae/g of faeces, had the highest IL-5

levels observed, 259 and 129 pg/ml, respectively. This could indicate

that alcohol does not necessarily suppress the production of IL-5

induced by Strongyloides infection, especially in high parasite load

hosts. This finding will be a subject of further studies.

Ribeiro et al demonstrated an increase in T regulatory cells in

alcoholic patients, both infected and non-infected, with S. stercoralis,

as well as in non-alcoholic infected individuals,27 which suggests that

both alcoholism and S. stercoralis infection increase the frequency of

these cells. In this study, the levels of IL-10 in alcoholic patients

infected or non-infected with S. stercoralis did not show statistical dif-

ferences when compared to non-alcoholic groups. The differences

observed between studies is possibly due to the different methodolo-

gies applied, as the increase in the number of T regulatory cells does

not necessarily reflect the levels of circulating IL-10.

In conclusion, our results suggest that a modulation of IFN-γ

production occur in alcoholic individuals with high parasitic burden.
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