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Abstract. To correlate a particular state of immunity with Entamoeba spp., we used colorimetric PCR to differentiate
E. histolytica from E. dispar in individuals with amoebiasis and to associate its presence with the clinical profile, including
humoral and cellular immune responses to E. histolytica. Our results showed high levels of antibody in acute amoebiasis
and elevation of IL-4 production, a cytokine related to Th2 profile, associated with E. histolytica. In chronic amoebiasis,
even with anti-E. histolytica seropositivity, intestinal symptoms were associated with E. dispar in all the cases, without
differences in level of antibodies, BTI, CD4+/CD8+ ratio, INF-␥, and IL-4. Among asymptomatic carriers, E. dispar was
more frequently found; however, identification of E. histolytica in two asymptomatic carriers associated with high levels
of INF-␥, a cytokine related to Th1 profile, demonstrate the importance of making specific diagnosis of Entamoeba spp.,
to establish the clinical and epidemiological behavior in both intestinal and extra-intestinal amoebiasis.

of invasive extra-intestinal amoebiasis, but not in the intestinal forms, where it is not feasible to distinguish asymptomatic
carriers from patients with amoebic dysentery, especially in
endemic areas where antibody titer is not enough to diagnose
acute intestinal amoebiasis.19
Mosmann and Coffman have shown that specific Th1/Th2
cytokine profiles depend on the subpopulation of CD4+ T
lymphocytes.20 These subpopulations participate in the regulation of the immune response induced by infection with
Leishmania spp. in animal models,21 and the data has been
confirmed with other pathogenic agents.22–24 During invasive
amoebiasis, decrease of CD4+ cells, increase of CD8+ cells, as
well as decrease in in vitro proliferation of T lymphocytes
against amoebic antigens have been described.25 Also an immunosupressive state has been observed on delayed cutaneous hypersensitivity against amoebic antigens. On the other
hand, high levels of Interferon-␥ (IFN-␥) (profile Th1) are
associated with a higher cytotoxic effect of macrophages
against trophozoites of E. histolytica.26,27 Additionally, studies in a murine model suggest that the induction of the Th1/
Th2 profile is dependent on specific peptides of E. histolytica.28
The asymptomatic/symptomatic clinical state in individuals
infected with E. histolytica could be explained by the combination of cytokines that reflect the Th1/Th2 profile and the
recent acceptance of the two different, pathogenic and nonpathogenic species. In the present work we use colorimetric
PCR to differentiate E. histolytica from E. dispar, to establish
correlation between the humoral and cellular immune responses in individuals with clinical variants of amoebiasis
coming from an urban community of the state of Puebla,
México.

INTRODUCTION
Amoebiasis continues to be a significant world-wide health
problem. It has been estimated that 500 million individuals
are infected with the causal agent Entamoeba histolytica and
of these, 40 million would develop invasive disease, causing at
least 100,000 deaths a year, most of these are secondary to the
extra-intestinal complications like hepatic abscess.1,2
In accordance with epidemic studies carried out in different
parts of the world, the seroprevalence found in some communities of developing countries ranges from 5% to 55%.3–7
In 1988, the National Serologic Survey in México showed a
seroprevalence of 8.41% for the whole country, highlighting
the State of Puebla with 14.98%.8
The epidemiological analysis of the relationship between
the prevalence of infected individuals and the number of
cases with invasive amoebiasis made by E. Brumpt in 1925,9
and confirmed by Walsh in 1986,1 showed that the disease is
present in approximately 10% of people with cysts of E. histolytica in feces. This fact suggested the existence of two species of E. histolytica to explain the epidemic behavior of
amoebiasis in the world.10,11
Studies during the last 30 years have confirmed the existence of two morphologically indistinguishable species of Entamoeba. E. histolytica, the pathogenic species and E. dispar,
the non-pathogenic species. Recent acceptance by the scientific community of these two different species has had an
important impact on our understanding of clinical amoebiasis.2
Diverse methods exist to differentiate pathogenicity and
virulence from Entamoeba spp., most of them requiring the
isolation and culturing of the microrganism.12–16 Recently,
Aguirre and others reported the amplification by PCR of
specific segments of DNA, and the use of specific probes to
allow for the differential diagnosis of pathogenic and nonpathogenic Entamoeba spp. in feces.17
Usually, the identification of specific antibodies against antigens of E. histolytica does not correlate with resistance to
the infection or with protective immunity.18 However, detection of seric antibodies is a useful procedure in the diagnosis

MATERIALS AND METHODS
Study population. The study was carried out in an urban
community of the municipality of Puebla, located in the
southeast region of México, at an altitude of 1,800 meters and
surrounded by high volcanoes. Human population is about 2
million; 60% of them living in an appropriate environment for
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the transmission and development of the disease. The estimated seroprevalence in the state, according to the 1988 National Serologic Survey, was 14.98%.8
Study subjects. Informed consent was obtained from all humans participants and from parents or legal guardians of minors. The study group was composed of 47 individuals. The
diagnosis of the clinical variant of amoebiasis was accomplished by a meticulous clinical study together with parasitolological examination.
The cohort of Acute Intestinal Amoebiasis (AIA) (eleven
patients), was clinically diagnosed with colic, tenesmus, trophozoites of Entamoeba spp., mucus and/or blood in feces, as
well as anti-amoebic antibodies by ELISA (positive serology). Thirteen individuals formed the cohort of Chronic Intestinal Amoebiasis (CIA), showing positive serology, presence of cysts of E. histolytica/dispar, and symptoms of alternating diarrhea-constipation with manifestations of
abdominal distension, colic, and tenesmus. Thirteen subjects
formed the cohort of Asymptomatic Carriers (AC) with positive serology, shedding of cysts of Entamoeba spp., and absence of clinical evidence of disease. The Control Group
(CG) was formed by 10 asymptomatic individuals with absence of parasite cysts in feces verified by PCR. Blood
samples were collected and serum fractions stored at −20°C
until used.
Parasitological diagnosis. The morphologic identification
of the parasite was carried out by coproparasitoscopic analysis employing a direct method in cases of semi-liquid or liquid
feces, or by the modified Ritchie’s assay in cases of formed
feces.29 Samples containing cysts or trophozoites of E. histolytica and/or E. dispar, were diluted in PBS, aliquoted, and
stored at −20°C until used. The molecular diagnosis was made
by Colorimetric PCR as described.17,30 The DNA from E.
histolytica HM1-IMSS and from E. dispar clone 5331 was used
as a positive control.
Detection of antiamoebic antibodies in human sera by
ELISA. This procedure was performed as described,32 using
10 g/mL of E. histolytica total extract and human sera at a
1:100 dilution. The cut off value for the ELISA test was an
O.D of 0.032 ± 0.009.
Isolation of peripheral blood lymphocytes. Lymphocytes
were purified from peripheral blood by the Ficoll-Hypaque
(Sigma, St. Louis, MO) method.33 Cell viability was verified
by the trypan blue exclusion test. Cells adjusted to 3.6 × 106 in
1.8 mL of RPMI-1640 culture medium were used for cell
proliferation, and 2 × 106 cells in 200 L of diluent for T
CD4+/CD8+ determination.
T cell proliferation assays. Lymphocytes (220 × 103) were
cultivated in a 96 well plate, stimulated with phytohemaglutinin (PHA) (1:250), and amoebic total extract28 (100 g/mL)
at 37°C for 5 days. Proliferation of T cells against antigen or
PHA was measured by [3H]-thymidine (1 Ci per well, 6.7
Ci/mmol; Amersham) incorporation after 18 hr. Cells were
harvested on glass fiber filters, and incorporated radioactivity
was measured by liquid scintillation in a Beckman Instrument
(LS5801). Blast transformation index (BTI) was obtained according to Savanat, 197334: BTI ⳱ log cpm stimulated cells/
log cpm control cells.
CD4+/CD8+ ratio. Determination of CD4+/CD8+ ratio
was carried out by flow cytometry using Simultest CD4+/
CD8+ kit (Becton-DickinsonMR). Briefly, 1 × 106 lymphocytes in 100 L were mixed with 20 L of the respective

monoclonal antibody, incubated 15 min at room temperature,
washed with PBS/BSA, and centrifuged 10 min at 2,000 × g.
The pellet was resuspended in 2% p-formaldehyde and the
cell suspension read in a flow cytometer. Reference values for
normal individuals ranges from 0.6 to 2.2.
Cytokine assays. For quantitative determination of IL-4
and INF-␥ cytokines, ELISA kits (Genzyme Diagnostics, Predicta威) were used. Supernatant from lymphocyte cultures was
incubated with mouse monoclonal antibodies against human
IL-4 or INF-␥ adsorbed on the bottom of 96 well plates, and
then 50 L of the sample diluter were added per 50 L of
sample. Biotinylated IgGs against IL-4 or INF-␥ were incubated for 1 hr at room temperature to perform a sandwich
ELISA. After 5 washes, 100 L of peroxidase labeled streptavidin was added and the plate incubated for 15 min at 37°C.
After 5 washes, 100 L of substrate were added, incubated at
room temperature (18–24°C) for 20 min, then 100 L of 1 N
H2SO4 were added to each well to change the color from blue
to yellow. Plates were read in a spectrophotometer at 450 nm.
Statistical analysis. The statistical evaluation was carried
out using the Mann-Whitney U-test . Values of P < 0.05 were
considered statistically significant. The results in Table 2 are
presented as ± one standard deviation. The results in Figure
1–3 are presented as mean ± SE.
RESULTS
Study population. Forty-seven individuals were included in
a longitudinal and prospective study (cohorts study). All of
them were evaluated by parasitological, clinical, and immunological criteria at the moment of diagnosis, at one month,
and at three months after diagnosis. Due to ethical criteria,
the control group (CG) was evaluated only at the moment of
diagnosis to have references values. Twenty-two were men
(46.8%) and 25 women (53.1%). Age analysis showed that
95% of the individuals were between 2 and 40 years old.
Selection according to the clinical variant showed that 11
(23%) individuals corresponded to the cohort of AIA, 13
(28%) to the cohort of CIA, 13 (28%) to the cohort of AC,
and 10 (21%) to the CG.
The clinical characterization at the moment of diagnosis
from these cohorts showed: diarrhea with mucus and blood
present in 5 cases of AIA; feces with mucus in 6 cases of AIA
and 3 cases of CIA; colic in 9 cases of AIA and 10 cases of
CIA; abdominal distension in 8 cases of AIA and 2 cases of
CIA; tenesmus in 11 cases of AIA and 5 cases of CIA; constipation in 11 cases of CIA. After diagnosis, all the patients
were treated and in each case the physician administered specific treatment according to the hospital regulations.
Identification of E. histolytica/E. dispar by colorimetric
PCR. Control Group samples (10 out of 47) were negative by
coproparasitoscopic analysis (CPS), and also by PCR. From
the remaining 37 positive samples by CPS, only 29 were positive by colorimetric PCR for E. histolytica and/or E. dispar
(Table 1). Based on PCR results, the clinically defined cohorts were further divided into subsets according to the presence or absence of E. histolytica/E. dispar (Table 2).
Immunological parameters. Antibody levels, BTI, CD4+/
CD8+ ratio, IL-4, and INF-␥ levels for the clinically defined
cohorts, and the PCR defined subsets were determined at
diagnosis time, and at one and three months after diagnosis.
Distribution of anti-Entamoeba spp. antibodies. A signifi-

RELATIONSHIP E. HISTOLYTICA/E. DISPAR AND CYTOKINES INF-␥/IL-4

TABLE 1
Determination of Entamoeba histolytica/E. dispar by colorimetric
PCR in individuals with clinical variants of amoebiasis
Clinical variant

*PCR +
E.h.

**PCR +
E.d.

Negative

Total

Acute intestinal amoebiasis
Chronic intestinal amoebiasis
Asymptomatic carriers
Control group
Total

7
0
2
0
9

2
9
9
0
20

2
4
2
10
18

11
13
13
10
47

* ⳱ Identification of Entamoeba histolytica by PCR.
** ⳱ Identifcation of Entamoeba dispar by PCR.

cant difference was observed between AIA and CG at the
time of diagnosis and at one month (P < 0.05), but not three
months later (Figure 1). In the cohort of AIA, the E. histolytica subset was seropositive at the time of diagnosis; this
titer decreased at one month but three months later it was
even lower than that of CG (Table 2). With respect to the E.
dispar subset, it presented low titers at the time of diagnosis
with respect to CG (Table 2) but it increased at one month
after diagnosis (0.137 ± 0.114).
Blast Transformation Index (BTI). The results obtained
with the groups (AIA, CIA, AC) or the subsets (PCR positive
for E. histolytica or E. dispar) did not show significant differences compared with CG (data not shown).
CD4+/CD8+ ratio. Determination of the CD4+/CD8+ ratio
at the different times did not show significant differences
among the different groups and subsets, compared with CG
(data not shown).
Interleukin-4 and Interferon-␥ (Th1/Th2 profile). Th1/Th2
profile was defined by INF-␥ and IL-4 serum levels. IL-4
levels at the time of diagnosis and at three months were significantly different between CG and AIA (Figure 2), and also
in the subset proven to be infected with E. histolytica (P <
0.05) (Table 2). The two members of the AIA subset infected
with E. dispar did not show significantly raised levels of IL-4
(Table 2). Levels of INF-␥ in two individuals from the AC
cohort infected with E. histolytica, were significantly higher,
both at diagnosis time and at three months compared with
CG (P < 0.05) (Figure 3); the nine AC patients infected with
E. dispar were not significantly different from CG (Table 2).
Neither AIA cohort (Figure 3) nor those individuals from the
subset infected with E. histolytica (Table 2), showed significant differences in serum INF-␥ levels compared with CG.
DISCUSSION
The recognition of E. histolytica and E. dispar as different
species, has provided important insights into the epidemic
behavior of amoebiasis in the world,1 and has had important
epidemiological and clinical implications.10 The existence of
asymptomatic carriers of E. histolytica,34–38 has raised doubts
about the proportion of individuals infected who are truly at
risk of invasive amoebiasis, and questions the human host
factors, that favors this apparently commensal-like relationship with E. histolytica.
A mixture of symptomatic and asymptomatic cases is frequently observed in infections by pathogenic agents. Although some elements of the microorganisms such as virulence, inoculum size, exhibition routes, etc., affect the subsequent manifestations of the infection, undoubtedly host
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factors contribute in a substantial way in the outcome of the
host-parasite relationship.39 Among these factors, the CD4+/
CD8+ ratio and a specific cytokine profile, characteristic of
subpopulations of CD4+ T lymphocytes, seem to play an important role.21,40 In the present study, we examined the importance of humoral and cellular immunity in the outcome of
the relationship between the host and E. histolytica/E. dispar
in individuals with clinical variants of amoebiasis.
The population studied was young (80% younger than 20
years old), and came from urban and suburban areas of the
municipality of Puebla, México, an entity of 2 million inhabitants. The seroprevalence of 14.98% reported for the state of
Puebla is relatively high compared with other parts of
México8 but comparable to those reported for other cities in
developing countries such as South-Africa, Brazil, India, and
Bangladesh.41–43
Infection with E. histolytica/E. dispar in endemic areas frequently coexists with other protozoa and helminths35; therefore, to avoid the interpretation biases observed in previous
investigations41 we included in the study only those cases infected with E. histolytica/E. dispar. By following them during
three months, beginning at the moment of diagnosis, we were
able to evaluate the behavior of different forms of the disease
over time. The cohort of AIA comprised the cases of apparent amoebic dysentery referred from a suburban clinic over a
2-year period. The parasitological diagnosis consisted on the
finding of trophozoites associated with the presence of mucus
and /or blood, a widely used method effective in the diagnosis
of AIA,44 in accordance with recommendations of the World
Health Organization (1997).2 Parasites were later confirmed
as E. histolytica by colorimetric PCR standardized using
spiked samples.17,30 This procedure is apparently 100% specific but not 100% sensitive when applied to stored fecal
samples (Shire and Ackers, unpublished observations). Thus,
whereas a positive result confirms the diagnosis, a negative
one does not exclude it; therefore, an adequate sample storage and conservation procedure is of great importance. Based
on PCR results, the clinically defined cohorts were further
subdivided.
It should be noted that even before applying PCR, in 90%
of the cases the doctor’s clinical suspicion of amoebic dysentery was not corroborated, demonstrating a clinical overdiagnosis of AIA. It has been reported that, patients diagnosed with amoebic dysentery are frequently infected with
Shigella dysenteriae and Shigella flexneri,45 or other different
pathogens including enteroinvasive Escherichia coli, Salmonella spp., and Campylobacter jejuni.46
The production of antibodies is the main immunological
manifestation of invasive amoebiasis in humans, although its
presence is not associated with resistance to infection or with
protective immunity.18 Their utility is accepted in cases of
extra intestinal invasive amoebiasis, but not in the intestinal
form.18,47 In contrast with reports from other groups, in this
study the cohort of AIA showed significantly higher antibody
titers compared with those in the cohorts of CIA, AC, and
CG, both at the moment of diagnosis and one month later;
values had returned to control levels by three months. The
humoral immune response observed with the different groups
was obtained using total extract of E. histolytica trophozoites
as the antigen. The possibility to use E. dispar instead of E.
histolytica as the antigen, for those cases where PCR was
positive for E. dispar, may change the results obtained so far.
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TABLE 2
Subsets according to PCR diagnosis of Entamoeba histolytica/E. dispar and its correlation with immunological parameters at the moment and
three months after diagnosis
Clinical variant
AIA

PCR

CIA

AC

CG

Eh

Ed

Ed

Ed

Eh

Neg

7

2

9

9

2

10

At moment of diagnosis
0.093 ± 0.057
29.07 ± 3.49
11.13 ± 5.85

0.069 ± 0.033
29.53 ± 3.68
11.40 ± 3.22

0.125 ± 0.033
30.76 ± 4.05
69.24 ± 16.32*

0.073 ± 0.039
27.72 ± 2.81
9.59 ± 1.84

0.161 ± 0.091
25.73 ± 2.22
39.44 ± 7.35*

0.073 ± 0.039
27.72 ± 2.81
9.59 ± 1.84

ELISA
IL-4
INF-␥

0.149 ± 0.053*
31.56 ± 3.28*
11.56 ± 3.95

0.069 ± 0.038
27.76 ± 1.54
8.04 ± 0.22

ELISA
IL-4
INF-␥

0.067 ± 0.041
31.91 ± 4.31*
11.41 ± 8.36

0.071 ± 0.018
28.72 ± 2.13
9.58 ± 0.22

At 3 months after diagnosis
0.092 ± 0.043
0.082 ± 0.056
27.98 ± 5.44
30.53 ± 3.42
9.18 ± 0.97
9.89 ± 2.53

AIA: Acute Intestinal Amoebiasis; CIA: Chronic Intestinal Amoebiasis; AC: Asymptomatic Carrier, CG: Control Group. PCR: shows the distribution by subsets of positive cases for E.
histolytica (Eh) and E. dispar (Ed) according to PCR results. ELISA: Determination of anti-E. histolytica antibodies expressed as O.D. Reference values: 0.032 ± 0.009 O.D. IL-4: Seric levels
expressed in pg/mL. Reference values: 27.59 ± 2.81 pg/mL. INF-␥: Seric levels expressed in pg/mL. Reference values: 9.45 pg/mL. *, P < 0.05 (Mann-Whitney U test, compared with CG).

Interestingly, the two patients assigned to the AIA cohort on
clinical grounds but in whom PCR demonstrated E. dispar
presented lower antibody levels compared with patients with
AIA and E. histolytica.
Regarding cell-mediated immunity the work of Savant,34
Ortiz,48 and later Salata49 observed a poor lymphocyte response measured by BTI in circulating T lymphocytes. On the
other hand, Ganguly and others,50 demonstrated a decrease
in the number of T lymphocytes circulating in the blood of
patients with amoebic hepatic abscess. In our investigation,
the proliferation of T cells measured by BTI was low. This
differs from the results of Ortiz, Harris, Segovia, and Diamanstein51–54 who found a proliferative response to amoebic
antigens from lymphocytes of patients with amoebic hepatic
abscess. Moreover, Velásquez and others,55 observed proliferation of peripheral blood mononuclear cells of a patient
with amoebic hepatic abscess against a 170 kDa recombinant
protein. In our case we used a total extract of E. histolytica,
and Talamás-Rohana and others,28 have reported that whole
extract might contain growth inhibiting factors, explaining in
part the results obtained by other authors,34,48,49 as well as the
low levels of blast transformation found in all the clinical
variants tested in this study, including the CG.
Salata and others49 have showed a decrease of CD4+

FIGURE 1. Anti-E. histolytica antibodies levels. Sera from each
group were evaluated by ELISA using the same serum dilution (1:
100). AIA: Acute Intestinal Amoebiasis; CIA: Chronic Intestinal
Amebiasis; AC: Asymptomatic Carrier; CG: Control Group. Serology: Determination of anti-E. histolytica antibodies expressed as
O.D. Reference value: 0.032 ± 0.009 O.D. *, P < 0.05 (Mann-Whitney
U test, compared with CG).

helper T cells and an increase of CD8+ cells in patients with
amoebic hepatic abscess. In our study the patients with invasive amoebiasis showed values for the CD4+/CD8+ ratio that
were lower than those reported previously. Suppression of
the cellular immune response has been observed during the
infection by protozoan parasites, including Leishmania donovani56 and Trypanosoma cruzi.23 There is also evidence that
the response of T cells is systematically suppressed during the
acute illness due to E. histolytica, as has been observed in
animal models57 and in patients with amoebic hepatic abscess.49 Serum from E histolytica-infected gerbils58 and immune sera from patients25 selectively suppress T cell proliferation by inhibiting IL-2 and IFN-␥ production. Previous
studies have shown that in infections caused by pathogens
that induce immunosuppression in the host, such as L. donovani,56 HIV,59 and T. cruzi,23 the outcome of the relationship
could be regulated by CD4+ helper T cells with different
pattern of cytokines. Protective immunity would be associated with Th1 cells that produce INF-␥ and IL-2, whereas Th2
cells, which produce immunosuppressive IL-4 and IL-10,
could facilitate the survival and dissemination of the parasite
generating tissue damage and the appearance of the disease.60

FIGURE 2. Determination of seric IL-4 levels. Sera from each
group were evaluated by ELISA. AIA: Acute Intestinal Amoebiasis;
CIA: Chronic Intestinal Amoebiasis; AC: Asymptomatic Carrier;
CG: Control Group. IL-4: Seric levels expressed in pg/mL. Reference
value: 27.59 ± 2.81 pg/mL. *, P < 0.05 (Mann-Whitney U test, compared with CG).
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FIGURE 3. Determination of seric INF-␥ levels. Sera from each
group were evaluated by ELISA. AIA: Acute Intestinal Amoebiasis;
CIA: Chronic Intestinal Amoebiasis; AC: Asymptomatic Carrier;
CG: Control Group. INF-␥: Seric levels expressed in pg/mL. Reference value: 9.45 pg/mL. *, P < 0.05 (Mann-Whitney U test, compared
with CG).

Recent evidence61–63 suggests an important role for IL-10,
but not for IL-4 in the Th2 response. However, as has been
proposed by others,64–67 we analyzed IL-4 and IFN-␥ as indicators of Th2 and Th1, respectively. These subpopulations
may in part explain the behavior observed in the cohorts of
patients with invasive amoebiasis and asymptomatic carriers,
considered in this study. The first group presented significantly high levels of IL-4 (Th2 profile) at the moment of the
diagnosis, associated with the presence of the pathogenic species E. histolytica (determined by PCR), and returning to normal levels, compared with CG, at three months post-therapy.
Regarding the cohort of untreated asymptomatic carriers, the
two individuals infected with E. histolytica presented high
levels of INF-␥ at the moment of diagnosis, maintaining these
levels for the following three months, without alteration in the
other evaluated parameters, (levels of antibodies, BTI, CD4+/
CD8+ ratio). The nine AC patients infected with E. dispar
were not different from the CG in any immunological parameters and it is tempting (although the numbers are very small)
to attribute asymptomatic carriage of pathogenic E. histolytica to a powerful Th1 response not seen in those who
succumbed to amoebic dysentery.
It is recognized that the chronic abdominal pain and intestinal alterations are symptoms experienced by 15% of apparently healthy people.68 In endemic areas such as México, this
type of condition is frequently diagnosed as chronic intestinal
amoebiasis. The etiology of CIA has not been settled and
clear-cut differences between this disease and the syndrome
of irritable bowel have not been defined.69,70 Infection in all
the cases where it could be determined in the cohort of CIA,
(characterized by abdominal distension, colicky pain, tenesmus, alternating diarrhea and constipation, and positive serology) was due to E. dispar. Studies carried out in India,71
Panama,72 Puerto Rico,73 and Honduras74 have shown that
the typical abdominal symptoms of CIA were observed more
frequently in individuals negative for amoeba in feces.75 On
the other hand, individuals with diagnosis of CIA treated with
anti-amoebic drugs showed no improvement of symptoms.76
In this study, the identification of the non-pathogenic E.
dispar in all the cases of patients classified as CIA, does not
provide evidence for a causal relationship between infection
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and symptoms. This suggests reconsideration of the existence
of this type of clinical variant of amoebiasis.
In general, our results show that invasive amoebiasis, induced by the presence of E. histolytica could be partly explained by the levels of the IL-4 associated with a Th2 cytokine profile. Resistance to the invasive form of the illness in
asymptomatic carriers of E. histolytica may be explained by
the high levels of IFN-␥ associated with a Th1 cytokine profile, as found in this investigation.
The identification of E. histolytica in asymptomatic carriers
demonstrates the importance of routinely making a speciesspecific diagnosis in view of the participation of the asymptomatic carriers of E. histolytica in the establishment and
maintenance of a pathogenic cycle of extra-intestinal amoebiasis in endemic regions.
To have elements to better understand the clinicalepidemiological pattern of amoebiasis, it will be necessary to
perform longitudinal studies with a larger number of patients
to analyze all the immunological parameters which participate in the pathogenic process associated with E. histolytica
infection.
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Med (Paris) 94: 942–952.
Diamond LS, Clark CG, 1993. A redescription of Entamoeba
histolytica Schaudinn, 1903 (Emended Walker, 1911) separating it from Entamoeba dispar Brumpt, 1925. J Eukaryot Microbiol 40: 340–344.
Jackson TF, 1998. Entamoeba histolytica and Entamoeba dispar
are distinct species; clinical, epidemiological and serological
evidence. Int J Parasitol 28: 181–186.
Martínez-Palomo A, González-Robles A, De la Torre M, 1973.
Selective agglutination of pathogenic strains of Entamoeba histolytica induced by Con A. Nat New Biol 245: 186–187.
Clark CG, Diamond LS, 1993. Ribosomal RNA genes of “pathogenic” and “nonpathogenic” Entamoeba histolytica are distinct. Mol Biochem Parasitol 49: 297–302.
Sargeaunt PG, Williams JE, 1978. Electrophoretic isoenzyme patterns of Entamoeba histolytica and Entamoeba coli. Trans R
Trop Med Hyg 72: 164–166.
Tsutsumi V, Ramírez-Rosales A, Lanz-Mendoza H, Shibayama
M, Chávez B, Rangel-López E, Martínez-Palomo A, 1992. Entamoeba histolytica: erytrophagocitosis, collagenolysis, and
liver abscess production as virulence markers. Trans R Soc
Trop Med Hyg 86: 170–172.
Tannich E, Horstmann D, Knobloch J, Arnold HH, 1989. Genomic DNA differences between pathogenic and nonpathogenic
Entamoeba histolytica. Proc Natl Acad Sci USA 86: 5118–5122.
Aguirre A, Warhust DC, Guhl F, Frame IA, 1995. Polymerase
chain reaction-solution hybridization enzyme linked immunoassay (PCR-SHELA) for the differential diagnosis of phatogenic and non-phatogenic Entamoeba histolytica. Trans R Soc
Trop Med Hyg 89: 187–188.
Krupp IM, Powell SJ, 1971. Antibody response to invasive amebiasis in Durban, South Africa. Am J Trop Med Hyg 20: 414–
420.
Kretschmer RR, López-Osuna M, 1999. Effector mechanisms
and immunity to amebas. In: Kretschmer RR ed. Amebiasis:
Infection and disease by Entamoeba histolytica. 1998 CRC
Press.
Mosmann TR, Coffman RL, 1989. Heterogeneity of cytokine secretion patterns and functions of helper T cells. Adv Immunol
46: 111–147.
Scott P, Kaufmann SH, 1991. The role of T-cells subsets and
cytokines in the regulation of infection. Immunol Today 12:
346–348.
Pritchard DI, Hewitt C, Moqbel R, 1997. The relationship between immunologic responsiveness controlled by T-helper 2
lymphocytes and infections with parasitic helminths. Parasitology 115: S33–S44.
Harel-Bellan A, Joskowicz M, Fradelizi D, Eisen H, 1983. Modification of T-cell proliferation and interleukin 2 production in
mice infected with Trypanosoma cruzi. Proc Natl Acad Sci
USA 80: 3466–3469.
Kullberg MC, Pearce EJ, Hieny E, Sher A, Berzofsky JA, 1992.
Infection with Schistosoma mansoni alters Th1/Th2 cytokine
responses to a non-parasitic antigen. J Immunol 148: 3264–
3270.
Salata RA, Martínez-Palomo A, Canales L, Murray HW, Trevino
N, Ravdin JI, 1990. Suppression of T lymphocyte responses to
Entamoeba histolytica antigen by immune sera. Infect Immun
58: 3941–3946.
Denis M, Chadee K, 1989. Cytokine activation of murine macrophages for in vitro killing of Entamoeba histolytica trophozoites. Infect Immun 57: 1750–1756.
Ghadirian E, Denis M, 1992. In vivo activation of macrophages
by IFN-gamma to kill Entamoeba histolytica trophozoites in
vitro. Parasite Immunol 14: 397–404.
Talamás-Rohana P, Schlie-Guzmán MA, Hernández-Ramírez
VI, Rosales-Encina JL, 1995. T cell suppression and selective

29.
30.

31.

32.

33.
34.
35.

36.

37.

38.

39.
40.
41.
42.
43.

44.

45.
46.
47.
48.

49.

in vivo activation of TH2 subpopulation by the Entamoeba
histolytica 220-kilodalton lectin. Infect Immun 63: 3953–3958.
Young KH, Bullock SL, Melvin DM, Spruill CL, 1979. Ethyl
acetate as a substitute for diethyl ether in the formalin-ether
sedimentation technique. J Clin Microbiol 10: 852–853.
Britten D, Wilson SM, McNerney R, Moody AH, Chiodini PL,
Ackers JP, 1997. An improved colorimetric PCR-based
method for detection and differentiation of Entamoeba histolytica and Entamoeba dispar in feces. J Clin Microbiol 35:
1108–1111.
Sehgal R, Abd-Alla M, Moody H, Chiodini PL, Ackers JP, 1995.
Comparison of two media for the isolation and short-term culture of Entamoeba histolytica and E. dispar. Trans R Soc Trop
Med Hyg 89: 394.
Sánchez-Guillen MC, Merino-Guzmán G, Pérez-Fuentes R, Rosales-Encina JL, Talamás-Rohana P, 1997. Serologic characterization of Entamoeba histolytica asymptomatic carriers from
a community of Puebla state, Mexico. Arch Med Res 28
(Suppl.): S322–S324.
Wright SD, Silverstein SC, 1982. Tumor-promoting phorbol esters stimulate C3b and C3b’ receptor-mediated phagocytosis in
cultured human monocytes. J Exp Med 156: 1149–1164.
Savanat T, Viriyanond P, Nimitmongkol N, 1973. Blast transformation of lymphocytes in amebiasis. Am J Trop Med Hyg 22:
705–710.
Acuña-Soto R, Samuelson J, De Girolami P, Zarate L, MillánVelasco F, Schoolnick G, Wirth D, 1993. Application of the
polymerase chain reaction to the epidemiology of pathogenic
and nonpathogenic Entamoeba histolytica. Am J Trop Med
Hyg 48: 58–70.
Romero JL, Descoteaux S, Reed S, Orozco E, Santos J, Samuelson J, 1992. Use of polymerase chain reaction and nonradiactive DNA probes to diagnose Entamoeba histolytica in clinical samples. Arch Med Res 23: 277–279.
Irusen EM, Jackson TF, Simjee AE, 1992. Asymptomatic intestinal colonization by pathogenic Entamoeba histolytica in amebic liver abscess: prevalence, response to therapy and pathogenic potential. Clin Infect Dis 14: 889–893.
Newton-Sánchez OA, Sturm-Ramírez K, Romero-Zamora JL,
Santos-Preciado JI, Samuelson J, 1997. High rate of occult
infection with Entamoeba histolytica among non-dysenteric
Mexican children. Arch Med Res 28 (Suppl.): S311–S313.
Locksley RM, Pingel S, Lacy D, Wakil AE, Bix M, Fowell DJ,
1999. Susceptibility to infectious diseases: Leishmania as a
paradigm. J Infect Dis 179 (Suppl 2): 305–308.
Bretscher PA, 1991. The regulatory functions of CD4+ and CD8+
T-cell subsets in immune class regulation. Res Immunol 142:
45–50.
Gathiram V, Jackson TF, 1985. Frequency distribution of Entamoeba histolytica zymodemes in a rural South African population. Lancet 1: 719–721.
Haque R, Faruque AS, Hahn P, Lyerly DM, Petri WA, 1997.
Entamoeba histolytica and Entamoeba dispar infection in children in Bangladesh. J Infect Dis 175: 734–736.
Braga LL, Lima AA, Sears CL, Newman RD, Wuhib T, Paiva
CA, Guerrant RL, Mann BJ, 1996. Seroepidemiology of Entamoeba histolytica in a slumn northeastern Brazil. Am J Trop
Med Hyg 55: 693–697.
González-Ruiz A, Haque R, Aguirre A, Castañón G, Hall A,
Guhl E, Ruiz-Palacios G, Miles MA, Warhurst DC, 1994.
Value of microscopy in the diagnosis of dysentery associated
with invasive Entamoeba histolytica. J Clin Pathol 47: 236–239.
Haque R, Ali IK, Akther S, Petri WA, 1998. Comparison of PCR,
isoenzyme analysis, and antigen detection for diagnosis of Entamoeba histolytica. J Clin Microbiol 36: 449–452.
Petri WA, Singh U, 1999. Diagnosis and management of amebiasis. Clin Infect Dis 29: 1117–1125.
Salata RA, Ravdin JI, 1986. Review of the human immune
mechanisms directed against Entamoeba histolytica. Rev Infect
Dis 8: 261–272.
Ortíz-Ortíz L, Zamacona G, Sepúlveda B, Capín NR, 1975. Cellmediated immunity in patients with amebic abscess of the liver.
Clin Immunol Immunopathol 4: 127–134.
Salata RA, Martínez-Palomo A, Murray HW, Conales L, Treviño
N, Segovia E, Murphy CF, Ravdin JI, 1986. Patients treated for

RELATIONSHIP E. HISTOLYTICA/E. DISPAR AND CYTOKINES INF-␥/IL-4

50.
51.

52.

53.
54.

55.

56.

57.

58.

59.

60.

amebic liver abscess develop cell-mediated immune response
effective in vitro against Entamoeba histolytica. J Immunol 136:
2633–2639.
Ganguly NK, Mahajan RC, Gill NJ, Koshy A, 1981. Kinetics of
lymphocyte subpopulations and their functions in cases of
amoebic liver abscess. Trans R Soc Trop Med Hyg 75: 807–810.
Ortíz-Ortíz L, Zamacona-Ravelo G, Capin NR, 1974. Hipersensibilidad celular en amibiasis III. Efecto in vitro de la Concanavalina A y de antígenos amibianos sobre leucocitos periféricos de pacientes con absceso hepático amibiano. Arch Invest Med 5 (Suppl. 2): S481–S486.
Harris WG, Bray RS, 1976. Cellular sensitivity in amoebiasis–
preliminary results of lymphocytic transformation in response
to specific antigen and to mitogen in carrier and disease states.
Trans R Soc Trop Med Hyg 70: 340–343.
Segovia E, Capin R, Landa L, 1980. Transformación blastoide de
linfocitos estimulados con antígeno lisosomal en pacientes con
amibiasis intestinal. Arch Invest Med 11 (Suppl. 1): 225–228.
Diamantstein T, Klos M, Gold D, Hahn H, 1981. Interaction
between Entamoeba histolytica and the immune system. I. Mitogenicity of Entamoeba histolytica extracts for human peripheral T-lymphocytes. J Immunol 126: 2084–2086.
Velásquez C, Valette I, Cruz M, Labra ML, Montes J, Stanley SL,
Calderón J, 1995. Identification of immunogenic epitopes of
the 170 kDa subunit adhesin of Entamoeba histolytica in patients with invasive amebiasis. J Eukaryot Microbiol 42: 636–
641.
Barral-Netto M, Barral A, Santos SB, Carvalho EM, Badaro R,
Rocha H, Reed SG, Johnson WD, 1991. Soluble IL-2 receptor
as an agent of serum-mediated suppression in human visceral
leishmaniasis. J Immunol 147: 281–284.
Campbell S, Chadee K, 1997. Interleukin (IL)-2, IL4 and tumor
necrosis factor-alpha responses during Entamoeba histolytica
liver abscess development in gerbils. J Infect Dis 175: 1176–
1183.
Campbell D, Gaucher D, Chadee K, 1999. Serum from Entamoeba histolytica-infected gerbils selectively suppresses T cell
proliferation by inhibiting interleukin-2 production. J Infect
Dis 179: 1495–1501.
Nigro L, Cacopardo B, Preiser W, Braner J, Cinatl J, Palermo F,
Russo R, Doerr HW, Nunnari A, 1999. In vitro production of
type 1 and type 2 cytokines by peripheral blood mononuclear
cells from subjects coinfected with human immunodeficiency
virus and Leishmania infantum. Am J Trop Med Hyg 60: 142–
145.
Kemp M, Kurtzhals JA, Kharazmi A, Theander TG, 1993. Interferon-gamma and interleukin-4 in human Leishmania donovani infections. Immunol Cell Biol 71: 583–587.

737

61. Chatelain R, Mauze S, Coffman RL, 1999. Experimental Leishmania major infection in mice: role of the IL-10. Parasite Immunol 21: 211–218.
62. Sasaki H, Hou L, Belani A, Wang CY, Uchiyama T, Muller R,
Stashenko P, 2000. IL-10 but not IL-4, suppresses infectionstimulated bone resorption in vivo. J Immunol 165: 3626–3630.
63. Vandebriel RJ, Meredith C, Scott MP, Van Dijk M, Van Loveren
H, 2000. Interleukin-10 is an unequivocal Th2 parameter in the
rat, whereas interleukin-4 is not. Scand J Immunol 52: 519–524.
64. Hirao J, Hibi S, Andoh T, Ichimura T, 1997. High levels of circulating interleukin-4 and interleukin-10 in Kawasaki disease.
Int Arch Allergy Immunol 112: 152–156.
65. Garside P, Kennedy MW, Wakelin D, Lawrence CE, 2000. Immunopathology of intestinal helminth infection. Parasite Immunol 22: 605–612.
66. Franciotta D, Zardini E, Bergamaschi R, Andreoni L, Cosi V,
2000. Interferon-gamma and interleukin-4-producing T cells in
peripheral blood of multiple sclerosis patients. Eur Cytokine
Netw 11: 677–681.
67. So EY, Park HH, Lee CE. 2000. IFN-gamma and IFN-alpha
posttranscriptionally downregulate the IL-4-induced IL-4 receptor gene expression. J Immunol 165: 5472–5479.
68. Drossman DA, McKeee DC, Sandler RS, Mitchell CM, Cramer
EM, Lowman BC, Burger AL, 1988. Psychosocial factors in
the irritable bowel syndrome. A multivariate study of patients
and non patients with irritable bowel syndrome. Gastroenterol
95: 701–708.
69. Anand AC, Reddy PS, Saiprasad GS, Kher SK, 1997. Does nondysenteric intestinal amoebiasis exist? Lancet 349(9045): 89–
92.
70. Variyam EP, Gogate P, Hassan M, Costerton WJ, Pillai S, Ward
H, Jalan K, 1989. Nondysenteric intestinal amebiasis. Colonic
morphology and search for Entamoeba histolytica adherence
and invasion. Dig Dis Sci 34: 732–740.
71. Madan S, Majumdar A, Sen Gupta PC, 1981. Amebiasis in children: the Indian experience. Indian J Pediatr 49: 327–332.
72. Sapero JJ, 1939. Clinical studies in non dysenteric intestinal amebiasis. Am J Trop Med Hyg 19: 497–514.
73. Oseaosohu RC, Garfinkel BT, Benenson AS, 1956. The symptom
complex of non-disenteric intestinal amebiasis. Gastroenterol
31: 246–250.
74. Schapiro MM, 1959. E. histolytica: incidence in the central penitentiary, Tegucigalpa, Honduras. Mil Med 124: 196–204.
75. Miller MJ, Gilani A, 1951. Clinical significance of non-dysenteric
intestinal amoebiasis. Trans R Soc Trop Med Hyg 45: 131–136.
76. Sinha P, Ghoshal UC, Choudhuri G, Naik S, Ayyagari A, Naik
SR, 1997. Does Entamoeba histolytica cause irritable bowel
syndrome? Indian J Gastroenterol 16: 130–133.

