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Abstract 
During amoebiasis, colonization of the gut by Entamoeba histolytica can lead to alterations of the host microbiota. In this 
study, we have compared the gut microbiota of patients of amoebiasis with healthy controls using 16S rRNA gene variable 
regions, (V1-V3) and (V3-V5), of the bacterial genome. From this 16S rRNA gene amplicon data, one paired-end and two 
single-end datasets were selected and compared by the number of OTUs obtained, sequence count, and diversity analysis. 
Our results showed that the V1-V3-paired-end dataset gave the maximum number of OTUs in comparison to the two single-
end datasets studied. The amoebiasis samples showed a significant drop in richness in the alpha diversity measurements 
and lower intra group similarity compared to the healthy controls. Bacteria of genus Prevotella, Sutterella, and Collinsella 
were more abundant in healthy controls whereas Escherichia, Klebsiella, and Ruminococcus were more abundant in the E. 
histolytica-positive patients. All the healthy controls harbored bacteria belonging to Faecalibacterium, Prevotella, Rumi-
nococcus, Subdoligranulum, and Escherichia genera while all the E. histolytica-positive patient samples contained genus 
Enterobacter. The compositional changes in the gut microbiome observed in our study indicated a higher prevalence of 
pathogenic bacteria along with a depletion of beneficial bacteria in E. histolytica-infected individuals when compared with 
healthy controls. These results underline the interplay between E. histolytica and the human gut microbiome, giving important 
inputs for future studies and treatments.
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Introduction

Amoebiasis is caused by infection with the protozoan para-
site Entamoeba histolytica. Around 50 million people over 
the world each year are infected with amoebiasis, and this 
disease causes around 40–100 thousand deaths each year 
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(Haque et  al. 2003). In 2015, it was the fourth leading 
cause of death from parasitic diseases and was responsible 
for 67,900 deaths worldwide (Wang et al. 2016). During 
amoebic infection, the parasite invades the human intes-
tine. Initial infection with E. histolytica occurs after inges-
tion of cysts from fecally contaminated water or food. The 
cysts form trophozoites after excystation in the lumen of 
the small intestine. Extra intestinal amoebiasis occurs when 
the amoeba invades the intestinal mucosa and travels to the 
bloodstream (Haque et al. 2003, Burgess and Petri 2016). 
This manifests as amoebic liver abscess (ALA) and in rare 
cases causes infections of the brain.

The initial interaction of the amoeba with the host occurs 
with the indigenous gut microbiota present in the lumen of 
the large intestine (Moonah et al. 2013, Marie and Petri 
2014). The human microbiota including the gut flora of 
the human gastrointestinal tract is a complex community 
of bacteria composed of at least several hundred species. 
The bacterial cells outnumber the eukaryotic cells in the 
human body. They share a symbiotic relationship with each 
other and can influence the physiology and disease progres-
sion (Burgess and Petri 2016, Sassone-Corsi and Raffatellu 
2015). The gut microbiota determines Entamoeba virulence 
and colonization of the large intestine and the immune 
response of the human host during amoebiasis. The bacterial 
microbiota is an important influencing factor in the clinical 
outcome of the E. histolytica infections.

A recent study by Reyna-Fabián et al. (2016) has sug-
gested that the host intestinal microbiota may influence the 
parasite during amoebic liver abscesses (ALA). Using 16S 
rRNA gene sequencing, they identified bacterial popula-
tions in ALA and pyogenic liver abscesses, suggesting that 
the ALA are coinfected with non-culturable bacteria from 
the intestinal microbiota as well as potentially pathogenic 
bacteria. The study concludes that extraintestinal infection 
by Entamoeba is accompanied by translocation of different 
ratios of intestinal bacteria to the liver. However, no spe-
cific bacteria are associated with any species or genotype of 
Entamoeba histolytica or Entamoeba dispar. In ALA, the 
Entamoeba-bacteria interaction seems to be entirely non-
specific. The bacterial groups associated were Klebsiella, 
Streptococcus, Prevotella, Fusobacterium, Sediminibacte-
rium, Bacteroidetes, Pseudomonas, and Ralstonia.

A study from this laboratory also found coinfections with 
Bacteroidetes and Peptostreptococcus in ALA pus samples 
and observed a statistically significant reduction in the popu-
lation of Lactobacillus in patients with amoebic colitis and 
ALA (Rani et al. 2006). Another study from this laboratory 
using qPCR technique has reported a significant decrease 
in the population of Bacteroidetes, Clostridium subgroups 
coccoides and leptum, Lactobacillus, Campylobacter, and 
Eubacterium from the gut bacterial microbiota during Enta-
moeba infections (Verma et al. 2012). As early as 1966, a 

study reported that amoebic lesions developed rapidly in 
the presence of Bacillus subtilis, Clostridium perfringens, 
Staphylococcus aureus, Streptococcus faecalis, and Lacto-
bacillus acidophilus (Phillips and Gorstein 1966). In case 
of other parasitic infections like Giardiasis (Toro-Londono 
et al. 2019), a major change in the microbial population of 
the gut from a Bacteroidetes-enriched to Prevotella-enriched 
flora was observed.

This study attempts to map the alterations in the gut 
microbiota during amoebic infections and to identify specific 
bacterial genera that undergo a change in patients infected 
with E. histolytica. To this end, we collected 29 stool sam-
ples from a healthy population as controls (referred to as 
“[healthy controls]”) and 14 stool samples of patients testing 
positive for E. histolytica (referred to as “[Entamoeba posi-
tive patients]”) after procuring necessary ethical clearances. 
We have targeted 16 S rRNA (V1-V3) and (V3-V5) variable 
regions of bacteria for amplification to compare the bacterial 
population between the [healthy control] and [Entamoeba 
positive patients] groups. Paired-end and single-end datasets 
from these variable regions were studied using statistical 
parameters, such as abundance and diversity measures. The 
region giving the most robust data was identified and used 
subsequently for comparison between the [healthy controls] 
and the [Entamoeba-positive patients] groups.

Materials and methods

Sample collection

Whole stool samples were collected from healthy volunteers 
of a community not suffering from enteric diseases for use as 
controls after taking their informed consent. It was ensured 
that all the inclusion criteria were met and none of the sub-
jects fell in the exclusion group. Inclusion criteria were laid 
down as follows: subjects selected were above 15 years of 
age, did not consume any antibiotic or anti-amoebic drugs 
or probiotics for the past one month, and were willing to 
participate in the study. Exclusion criteria being subjects 
under 15 years of age, without clear medical history, treated 
with an antibiotic or anti-amoebic or probiotic in the past 
month, or not willing to participate in study.

During the study period, around 400 stool samples were 
collected from patients with chronic/acute diarrhea as diag-
nosed by microbiologists and gastroenterologists from the 
Safdarjung Hospital, New Delhi (India). The sample size 
was calculated keeping in mind the current prevalence rate 
of Entamoeba infection (8–15%). The inclusion criteria of 
the patients were as follows: subjects with clinical diagno-
sis of amoebic colitis in addition to meeting the inclusion 
criteria for controls and not falling in the exclusions crite-
ria (Ethical clearance for the study was obtained from both 
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the participating institutes namely, JNU (IERB No. 2015/
Faculty/82) and Safdarjung Hospital (No. IEC/SJH/VMMC/
Project/September/2014/535)).

The stool samples were collected in standard sterile stool 
collection vials, transported in ice, and stored at − 80 °C till 
processed. All the controls and patients were required to fill 
out a patient information form, which included details of 
their age, sex, and diet.

DNA isolation

DNA was isolated from stool samples using QIAamp DNA 
Stool Mini Kit following the manufacturer’s protocol. Before 
the DNA was isolated, the frozen samples were thawed in 
an ice bath before extraction. From each sample collected, 
200 mg (± 5) was weighed out carefully for DNA isolation. 
A bead beating step was added to the manufacturer’s pro-
tocol to ensure better DNA isolation. Shortly, 200 mg (± 5) 
of stool sample was added to a sterile 2 ml microfuge tube, 
and to it, around 50 garnet beads of 1 mm diameter were 
added along with 1 ml Inhibitex buffer (from QIAamp DNA 
Stool Mini kit). The bead beating step was performed at 58 
cycles per second for half a minute followed by a minute’s 
rest using a mini bead beater. This beading step was repeated 
three times until the stool sample was completely homoge-
nized. After this, the rest of the steps were performed follow-
ing the manufacturer’s protocol (Qiagen). The DNA isolated 
was then stored at − 20 °C.

The next step involved identification of the samples car-
rying the parasite. This was conducted by subjecting the 
DNA sample for PCR amplification using E. histolytica 
specific primers (Srivastava et al. 2005) shown in Table 1. 
This set of primers targeted mobile SINE elements (short 
interspersed nuclear elements), non-LTR retrotransposons, 
which are present in many copies in E. histolytica. EhSINE1, 
one such SINE element of which 500 copies are present in 
E. histolytica, was used to design a primer specific for E. 
histolytica. Corresponding copies of this element are absent 
in Entamoeba dispar (a morphologically similar intestinal 
commensal which is non-pathogenic and non-invasive). The 
PCR was carried out in a thermocycler, with the following 
conditions: initial denaturation was 95 °C for 5 min, fol-
lowed by 40 cycles of denaturation at 95 °C for 30 s, anneal-
ing at 55 °C for 1 min, and elongation at 72 °C for 30 s. Final 
elongation was at 72 °C for 7 min.

Online resource 1 shows details of the 29 stool samples 
from a healthy population [healthy controls] and the 14 stool 

samples of patients testing positive for E. histolytica [Enta-
moeba positive patients].

16S rRNA gene amplicon sequencing

Amplification and sequencing of V1-V5 regions (in two 
parts, namely, V1-V3 and V3-V5) of the 16S rRNA gene 
from the stool DNA of controls and patient samples posi-
tive for Entamoeba histolytica infections were done. The 
universal bacterial primers were used for PCR amplification 
(Lozupone et al. 2013). The PCR reaction volume of 25 μl 
was set up using NEB Taq polymerase. PCR conditions were 
as follows: initial denaturation at 95 °C for 30 s, followed 
by 30 cycles of 95 °C for 30 s; annealing at specific tem-
peratures for 45 s; and 68 °C for 30 s. The final extension 
temperature was 72 °C for 5 min. Primer compositions and 
annealing temperatures used were as reported in Iyer et al. 
2019. The PCR products were purified using the Pure link 
kit and were used to build a library for sequencing on Illu-
mina HiSeq 2500 Rapid/MiSeq sequencing platforms (by 
AgriGenome Labs Pvt Ltd., Kochi, India). Libraries from 
each of the samples were tracked using a sequence barcode. 
Library quantification was done on Qubit 3.0. FastQ files 
were demultiplexed into total reads per sample. The reads 
were 250 base pair long and paired-end.

While merging the paired-end reads from the V3-V5 
region, a significant number of reads remained unmerged 
due to lack of minimum overlap. This was attributed to the 
said region being longer than 500 nucleotides in majority of 
the gut bacteria (Johnson et al. 2019). Given this constraint, 
the data analyzed in this study were both paired-end and 
single-end sequence datasets from the V1-V3 region and 
only single-end sequences from V3-V5 (Table 2).

Amplicon‑based analysis

This study was designed to get insights into compositional 
changes in gut microbiota of Entamoeba histolytica-posi-
tive patients with respect to the healthy control individuals. 
Short read sequences obtained from the NGS platform were 
analyzed by using the QIIME 2–2019.10 pipeline (Bolyen 
et al. 2019). The read quality of raw data was checked by 
FastQC (Andrews 2010) and MultiQC tool (Ewels et al., 
2016). Adapter contents from reads were removed by Trim-
momatic (Bolger et al. 2014). Raw sequences of all three 
datasets were imported into QIIME by Fastq manifest for-
mat. DADA2 plugin was used for denoising and feature 

Table 1   Primer sequences for confirmation of E. histolytica-positive DNA samples. The annealing temperature was 55 °C

E. histolytica SINE1 (forward) 5′ GTC AGA ACC ACA TGA AAC 3′

E. histolytica SINE1 (reverse) 5′ CGA GAC CCC TTA AAG AAA CCC 3′
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table/operational taxonomic unit (OTU) table construc-
tion. Greengenes database was used as a reference to assign 
taxonomy to each representative sequence (DeSantis et al. 
2006). For the V1-V3-PE dataset, reference sub-sequences 
were extracted using the forward and reverse primers listed 
in Table 3 and with minimum and maximum amplicon 
size of 400 and 490 bases respectively. Different primer 
sequences were used for the V3-SE dataset with minimum 
and maximum amplicon size of 400 and 700 bases, respec-
tively. Classifier was trained with the extracted sequences 
from the database and was used to classify the OTUs. The 
classifier of the V1-V3-PE dataset was used for the clas-
sification of V1-SE dataset, as this region lies within the 
V1-V3-PE region.

Alpha rarefaction plots and various alpha and beta 
diversity metrics were computed for each dataset using 
the QIIME2 at dataset-specific sampling depth (19,000, 
108,000, and 99,100 for V1-V3-PE, V1-SE, and V3-SE, 
respectively). The values for sampling depth were decided 
based on the distribution of sequence count of the processed 
dataset, such that we retain the maximum number of sam-
ples for analysis. Alpha rarefaction plots were generated 
to see how the richness varies between [healthy controls] 
and [Entamoeba-positive patients] at increasing value of 
sampling depth. The intra-group similarities for healthy 
and patient groups were based on unweighted and weighted 
UniFrac distance matrix obtained from QIIME2. The non-
redundant pairwise distances for each group in unweighted 
UniFrac distance matrix were statistically compared by 
Welch two sample t-test using the R-3.6.3 suite.

Differentially abundant genera between two groups were 
identified using both ANCOM (analysis of composition of 
microbiome) and DESeq2 (Love et al. 2014) with default 

parameters. Differentially abundant taxa with DESeq2 were 
determined after controlling the effect of covariates such as 
diet, age, and sex of the host. ANCOM uses W-score to report 
whether a species is differentially abundant. W-score is essen-
tially the count of the number of sub-hypotheses that have 
passed for a given species/OTU. In the background, ANCOM 
runs a bunch of pairwise tests, wherein the sub-hypothesis (for 
the 2 class case) is structured as below:

where μi
(1) is the ith species abundance, μr

(1) is the rth spe-
cies abundance in the population 1, μi

(2) is the ith species 
abundance, and μr

(2) is the rth species abundance in the 
population 2. The number of times H0i is rejected for the 
ith species is represented by W-score (Mandal et al. 2015).

Results

E. histolytica prevalence in New Delhi hospital 
samples

Out of the 400 patient stool samples collected from a hospital 
at New Delhi, 14 stool samples were PCR positive for E. his-
tolytica and were used in the study (Online resource 1). There-
fore, the percent prevalence of E. histolytica positive from New 
Delhi was 3.5%. The samples were collected from the patients 
before any treatment was started. Earlier, our laboratory had 
reported the prevalence of E. histolytica infections to be 9% 
(Srivastava et al. 2005). The age, diet habits, and sex of the 29 
[healthy controls] and 14 [Entamoeba-positive patient] sam-
ples used in the study are represented graphically in Fig. 1.

OTU prediction in paired‑end and single‑end 
datasets

Bacterial populations were identified by 16S rRNA 
gene-based pipeline in both sets—control set consisting 
of 29 healthy controls and the test set consisting of 14 
E. histolytica-positive samples. The paired-end reads 
from the V3-V5 region did not yield enough merged 
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Table 2   Sequence data analyzed 
in the study

Dataset originally generated Dataset analyzed in the study Labels used 
for analyzed 
datasets

Paired-end reads from the V1-V3 region Paired-end reads from V1-V3 V1-V3-PE
Forward reads representing V1 region 

(single-end reads)
V1-SE

Paired-end reads from the V3-V5 region Forward reads representing V3 region 
(single-end reads)

V3-SE

Table 3   Primer sequences used to extract reference reads (Lozupone 
et al. 2013; Klindworth et al. 2013)

Primer Forward Reverse

V1-V3-PE AGR​GTT​
YGATYMTGG​
CTC​AG

ATT​ACC​GCG​GCT​GCT​GGC​

V3-SE CCT​ACG​GGA​GGC​
AGCAG​

CCG​TCA​ATTCMTTT​RAG​T
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sequences on processing; therefore, the forward (single-
end) reads were considered for analysis for V3-V5 data (see 
the “Materials and methods” section for details on dataset 
selection). The median number of processed sequences for 
the V1-V3 paired-end was ~ 92,000, and for the single-end 
(SE) datasets were ~ 310,000 and ~ 365,000 for V1-V3 and 
V3-V5, respectively (Fig. 2). These processed sequence sets 
are henceforth labeled as V1-V3-PE, V1-SE, and V3-SE, 
respectively as shown in Table 2. The average raw reads per 
sample were higher in our data as compared to similar studies 
and processed reads per sample were comparable (Milani et al. 
2016; Morton et al. 2015; Dhakan et al. 2019; Liuet al. 2021) 
as shown in (Online resource 4).

The processed sequences of each dataset were clustered 
into OTUs. The OTUs in the V1-V3-PE set were higher than 
in the two single-end sets (Fig. 3a). This could be attributed 
to longer sequences having more unique or taxa-specific 
nucleotides. To examine the overlap among these three 
sets, the taxonomy of OTUs at the genus level was com-
pared. About 58 genera were found to be common in all 
three datasets. Though genera in paired-end and single-end 
datasets from the same region of 16 s rRNA (V1-V3) were 
largely common, 5 and 6% of genera were uniquely present 

in V1-V3-PE and V1-SE, respectively. The comparison of 
genera between single-end datasets from different regions 
(V1-V3 and V3-V5) showed 48% overlap (Fig. 3b, Online 
resources 5).

Abundance and prevalence of taxa

Taxonomic profiling at phylum level showed the higher rela-
tive frequency of four phyla, namely, Proteobacteria, Firmi-
cutes, Bacteroidetes, and Actinobacteria, compared to the 
rest as shown in Fig. 4 and Online resource 6. There were no 
phyla exclusive to any group. Profiles for lower taxonomic 
levels are shown in the Online resource 7, 8, 9, 10, and 11a.

We next examined the dominant genera in both groups. 
Faecalibacterium, Prevotella, Sutterella, Clostridiaceae 
02d06, Subdoligranulum, Collinsella, and Bifidobacterium 
are some of the abundant genera in the [healthy controls] 
(Fig. 5a), whereas Faecalibacterium, Escherichia, Rumino-
coccus, Klebsiella, Enterobacter, and [Eubacterium] are the 
abundant ones in [Entamoeba-positive patients] (Fig. 5b). 
Group-wise average abundance of genera showed that Sut-
terella and Prevotella are more abundant in the [healthy 

Fig. 1   Graphical summary of 
metadata. Sex, diet, and age 
information of all samples 
used in the study. The labels 
“Non-veg” and “Veg” represent 
non-vegetarian and vegetarian 
diets, respectively
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controls] while Escherichia and Klebsiella are more abun-
dant in the [Entamoeba-positive patients] (Fig. 6).

Among the top few abundant bacterial species at group 
level, Collinsella aerofaciens is more abundant in the con-
trols, and Escherichia coli is more abundant in the patients 
as seen in Online resource 11b.

Among the most prevalent genera in each group, Prevo-
tella, Faecalibacterium, Ruminococcus, Subdoligranu-
lum, Escherichia, Bifidobacterium, Clostridiaceae 02d06, 

Sutterella, Coprococcus, and Collinsella are in greater 
prevalence in [healthy controls] as compared to the [Enta-
moeba-positive patients], whereas genus Klebsiella and 
Enterobacter are found more in patients (Fig. 7). These 
results are largely consistent with the other two single-end 
datasets leaving a few exceptions (V1-SE shown in Online 
resource 12 and14 and V3-SE in Online resource 13 and 
15). The V3-SE dataset displayed more unique genera com-
pared to the other two datasets, and those were among the 
prevalent and abundant genera (Figs. 5 and 7 and in Online 
resource 12, 13, 14, and 15). The abundant unique genera 
in the [healthy controls] are Megaspheara, Lactobacillus, 
Butyricoccus, and Dialister, and in the [Entamoeba positive 
patients], Oscillospora, Bifidobacterium, and Veillonella.

Diversity in [Entamoeba‑positive patients]

Within sample, alpha diversity measurements (Chao1 and 
observed OTUs) indicate a significant drop in richness in 
[Entamoeba-positive patients] compared to the [healthy 
controls] in V1-V3-PE data (p value: 0.008) (Fig.  8a). 
Other measures of alpha diversity that take into account the 
richness or evenness or both (such as Faith’s phylogenetic 
diversity and Shannon entropy) showed a similar trend but 
are statistically insignificant with (p values 0.12 and 0.34, 
respectively shown in Online resource 16. The alpha diver-
sity values of single-end datasets also had a similar profile 
except for the Shannon’s diversity index of V3-SE as shown 
in Online resource 17.

Rarefaction analysis for both groups showed the dif-
ference in richness of two groups at a sampling depth 
of as low as 5,000 sequences (Fig. 8b). With increase in 
depth up to 22,000, the patient group had almost con-
verged for observed OTUs, whereas the metric was still 
increasing for the healthy group, which indicated that the 
healthy group had much higher richness. Similar pattern 

Fig. 2   Distribution of the number of raw and processed sequence 
data. The first and fourth box plots show the distribution of the num-
ber of raw reads in forty-three samples generated from the V1-V3 and 
V3-V5 regions, respectively. The distribution of the number of pro-
cessed sequences is shown in the second, third, and fifth box plots for 
paired-end V1-V3, single-end V1-V3, and single-end V3-V5, respec-
tively

Fig. 3   a Number of opera-
tional taxonomic units (OTUs) 
observed in three processed 
sequence datasets. b Venn 
diagram showing the overlap 
in terms of the genus in three 
datasets
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is also observed in the two single-end datasets, though the 
sampling depths are slightly different as shown in Online 
resource 18.

Furthermore, the microbiome composition/structure 
was compared between the groups by estimating beta 
diversity. Principal coordinate analysis (PCoA) plots show 
two sparse clusters but none of the clusters correspond to 
the groups of [Entamoeba-positive patients] and [healthy 

controls] (Fig. 8c). An alternate beta diversity metric, 
namely, hierarchical clustering, of weighted UniFrac dis-
tances corroborated the above pattern (Fig. 8d). We further 
examined if E. histolytica infection had affected the intra-
group similarity and found that the intra-group similarities 
significantly declined in the [Entamoeba-positive patients] 
compared to [healthy controls] (p value: 1.2E − 05) shown 
in Online resource 19. The single-end datasets also show a 

Fig. 4   Relative frequency of 
bacterial phyla present in the 
V1-V3-PE dataset. Proteobac-
teria, Firmicutes, Bacteroidetes, 
and Actinobacteria were the 
most abundant phyla

Fig. 5   The top few abundant genera in [healthy controls] and [Enta-
moeba-positive patients]. a The seven most abundant genera in 
[healthy controls]. Median values of relative abundance of the gen-
era in [healthy controls] and [Entamoeba-positive patients] are 11.02 
and 9.03 for Faecalibacterium, 2.58 and 0.39 for Prevotella, 1.14 and 
0.12 for Sutterella, 0.70 and 0.11 for Clostridiaceae 02d06, 0.51 and 
0.24 for Subdoligranulum, 0.14 and 0.01 for Collinsella, and 0.14 and 

0.07 for Bifidobacterium. b The five most abundant genera in [Enta-
moeba-positive patients] compared to [healthy controls], (excluding 
those already listed in plot a). Median-relative abundance values for 
each genus in [healthy controls] and [Entamoeba-positive patients] 
are 0.41 and 1.39 for Escherichia, 0.41 and 1.20 for Ruminococcus, 
0.09 and 0.73 for Klebsiella, 0.003 and 0.20 for Enterobacter, and 
0.03 and 0.1 for [Eubacterium]
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similar trend in the between-sample beta diversity patterns 
as shown in Online resource 20.

Differential abundance analysis

The comparison of taxonomic profiles did not show sam-
ples organizing as distinct groups (of [healthy controls] and 
[Entamoeba-positive patients]), so we further examined if 
abundance of any of the taxa was affected by Entamoeba 
histolytica infection. Differential abundance analysis was 
performed using ANCOM, which is suited for compositional 

data (Mandal et al. 2015), and with DESeq2, where con-
founding factors of age, sex, and diet were controlled.

The ANCOM analysis using the V1-V3-PE data suggests 
that the three phyla, namely, Firmicutes, Actinobacteria, 
Bacteroidetes, and Proteobacteria, have lower abundance 
(with W-score of ≥ 5), in the [Entamoeba-positive patients] 
compared to the [healthy controls] shown in Fig. 9a and 
Online resource 21). The DESeq2 results also show a sig-
nificant decrease in abundance of Firmicutes, Bacteroidetes, 
and Proteobacteria in the [Entamoeba-positive patients] as 
shown in Online resource 22 a.

At the class level in the same data, the abundance of Alp-
haproteobacteria, Betaproteobacteria, Coriobacteria, and 
Clostridia are significantly decreased in the [Entamoeba-
positive patients] compared to the [healthy controls] by 
ANCOM (Fig. 9b, Online resource 21). In the DESeq2 
results, Alphaproteobacteria, Clostridia, Betaproteobac-
teria, Bacteroidia, and Actinobacteria were also found to 
have significantly less abundance in [Entamoeba-positive 
patients] as compared to [healthy controls] as shown in 
Online resource 22 b.

At the order level, the abundance of Burkholderiales is 
reduced significantly in [Entamoeba-positive patients] as 
per ANCOM results (Fig. 9c, Online resource 21). In the 
DESeq2 results, levels of Clostridiales, Burkholderiales, 
Bacteroidales, and Bifidobacteriales decreased significantly 
in the [Entamoeba-positive patients] as shown in Online 
resource 22 c.

At the family level, Prevotellaceae and Alcaligenaceae are 
significantly less abundant in the patients, in the ANCOM 
results as shown in Fig. 9d and Online resource 21. The 
DESeq2 analysis indicate Prevotellaceae, Ruminococcaceae, 
Alcaligenaceae, Clostridiaceae, Bifidobacteriaceae, and Pep-
tostreptococcaceae to be significantly less abundant in the 
patient group as shown in Online resource 22 d.

Fig. 6   Percent-relative abundance of top 35 genera (the fraction of OTUs with unassigned taxonomy was not plotted)

Fig. 7   The highly prevalent genera in [healthy controls] and [Enta-
moeba-positive patients]. The genera unassigned by QIIME2 were 
not considered
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Among the differentially abundant genera inferred by 
ANCOM, Prevotella, Subdoligranulum, and Sutterella dis-
play significantly lower abundance in the patients compared 
to the healthy samples in the ANCOM analysis as shown 
in Fig. 9e and Online resource 21. The DESeq2 analysis 
between the two groups at genus level shows Collinsella, 
Sutterella, Subdoligranulum, Faecalibacterium, Prevo-
tella, Clostridium 02d06, Bifidobacterium, and Butyricoc-
cus significantly decrease in the patient samples as shown 
in Online resource 22 e. Ruminococcus, Succinovibrio, 
Escherichia, and Klebsiella are more abundant in the 

[Entamoeba-positive patients] as shown in Fig. 6; however, 
the difference is not significant.

A few of the highly abundant species are Faecalibacte-
rium prausnitzii, Escherichia coli, Collinsella aerofaciens, 
Prevotella copri, Subdoligranulum variabile, Eubacterium 
biforme, and Bifidobacterium adolescentis as seen in Online 
resource 11 b. ANCOM analysis shows the Subdoligranu-
lum variabile is significantly less abundant in the [Enta-
moeba-positive patients] compared to [healthy controls] 
(Fig. 9f). In the DESeq2 results with healthy controls as a 
base, Faecalibacterium prausnitzii, Collinsella aerofaciens, 

Fig. 8   Within and between sample diversity (alpha and beta) analy-
sis of V1-V3-PE dataset. a The Chao1 index, which is a measure 
of richness within samples, showed a clear difference between two 
groups (p value 0.00021). b Rarefaction plot for [healthy controls] 
and [Entamoeba-positive patients] groups. The alpha diversity was 

measured in terms of observed OTUs. c Principal coordinate analysis 
(PCoA) plots based on weighted UniFrac distance. The green spheres 
indicate [healthy controls], and the red indicates [Entamoeba-positive 
patients]. d Hierarchical clusters using weighted UniFrac distance 
metric

Fig. 9   Differential abundance of taxa at following levels: a phylum, b class, c order, d family, e genus, and f species. The results are obtained 
from the ANCOM tool of QIIME2
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Subdoligranulum variabile, Clostridium SMB53, and 
Butyricoccus pullicaecorum were found significantly less 
abundant in the [Entamoeba-positive patients] as compared 
to the [healthy controls] as shown in Online resource 22 f.

In the ANCOM analysis for V1-SE data, the results are 
largely similar to the ones described for V1-V3 PE data as 
shown in Online resource 23. In case of [healthy controls], 
Coriobacteria at the order level and Coriobacteriaceae at the 
family level were additionally observed to be more abundant 
while the class Gammaproteobacteria were more abundant 
in the [Entamoeba-positive patients]. At the genus level, in 
case of [healthy controls], an increase in relative abundance 
of genus Catenibacterium is additionally observed, and in 
case of [Entamoeba positive patients], increased relative 
abundance of Shigella and Succinovibrio as shown in Online 
resource 12. Similar to that observed for V1-V3-PE, the 
genus Eubacterium and Ruminococcus also display higher 
relative abundance in the [Entamoeba-positive patients] 
group in this dataset.

Differentially abundant taxa in V3-SE ANCOM data were 
phylum Bacteroidetes, classes Bacteroides and Clostridia, 
and order Bacteroidales being significantly more abundant in 
[healthy controls]. At the family level, Alcaligenaceae and, 
at the genus level, Sutterella were found to be significantly 
more abundant in [healthy controls] as shown in Online 
resource 24. Genus Faecalibacterium, Veillonella, Collin-
sella, and Bifidobacterium are observed to be more abundant 
in the [Entamoeba-positive patient] samples in the V3-SE 
dataset as shown in Online resource 13. The differences in 
the V3-SE ANCOM data from the other two ANCOM data-
sets could be due to sub regional bias in the identification of 
bacterial taxa as observed by Johnson et al. (2019). Online 
resource 25 summarizes the changes in bacterial diversity in 
the V1-V3-PE, V1-SE, and V3-SE datasets, in [Entamoeba-
positive patients] when compared to [healthy controls] in the 
ANCOM analysis.

Discussion

Previous studies have examined associations of E. histol-
ytica infection with the gut microbiome. Verma et al. (2012) 
found significant reduction in Bacteroides, two subgroups of 
Clostridium, Lactobacillus, Campylobacter, and increase in 
Bifidobacterium by absolute quantification using real-time 
PCR. Gilchrist et al. (2016) showed that expansion of Prevo-
tella copri level was associated with symptomatic diarrhea 
due to E. histolytica infections in children aged 2 to 3 years 
in an urban slum in Dhaka, Bangladesh. Morton et  al. 
(2015) identified ten most important bacterial taxa which 
showed changes in abundance during Entamoeba (both 
histolytica and dispar) infections and reported that coloni-
zation by Entamoeba can be predicted by an individual’s 

gut microbiota composition with 79% accuracy. These taxa 
included Prevotella copri. A recent study by Yanagawa et al. 
(2021) looked at the gut microbiome during asymptomatic 
and symptomatic Entamoeba histolytica infections among 
patients in Japan, by analyzing the V3-V4 region of the bac-
terial 16 S rRNA. Their analysis showed the asymptomatic 
cases to have more uniform gut microbiome as evidenced by 
beta diversity analysis. There was an increased proportion 
of Coriobacteriaceae, Ruminococcaceae, and Clostridiaceae, 
and Collinsella aerofaciens was significantly higher in the 
asymptomatic cases. Our study attempts to understand the 
effect of symptomatic Entamoeba histolytica infections on 
the gut microbiome by comparing it with that of healthy 
individuals.

Symptomatic Entamoeba infection perturbs the gut 
microbiome

Significant decline of alpha diversity in the [Entamoeba-
positive patients] indicated perturbation in the gut microbial 
ecosystem. While this perturbation was highly significant in 
terms of reduction in richness, significant decline in even-
ness was also seen. This suggests that gut microbiome of 
[Entamoeba-positive patients] not only had relatively fewer 
microbes but also showed more variation in abundance 
across patient samples. On the other hand, the taxonomic 
profiles of [Entamoeba-positive patients] show a decline in 
intra-group similarity relative to [healthy controls], indicat-
ing higher variation in microbiome composition of patients. 
The absence of grouping of samples into their respective 
(patients and healthy) groups based on microbiome compo-
sition shows that the perturbation however did not affect a 
major fraction of the taxa, and alterations are possibly direc-
tional in only a few of the taxa. The individual taxonomic 
groups which showed perturbation (in terms of evenness) 
were few but belonged to all levels of classification. At genus 
level, Faecalibacterium, Prevotella, Sutterella, Subdoligran-
ulum, Collinsella, and Bifidobacterium, significantly reduced 
in abundance among [Entamoeba-positive patients].

Reduction in abundance of two species of Prevotella, 
namely, P. copri and P. stercorea, was reported among 
rural African samples colonized with Entamoeba (Morton 
et al. 2015). Although we observed an overall reduction in 
abundance at genus level, the relative abundance of these 
two Prevotella species show more variation in [Entamoeba-
positive patients], with a slight increase in the median value, 
though not significant as shown in Online resource 26. P. 
copri can exist as a normal component of the gut micro-
biome but is also referred to as a pathobiont and is associ-
ated with severe inflammation inrheumatoid arthritis (Hofer 
2014). Moreover, a study among children with diarrhea in 
Bangladesh showed an increase in the levels of P. copri in 
patients with diarrheagenic Entamoeba infections (Gilchrist 
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et al. 2016). Therefore, the present study is in consonance 
with previous studies indicating an increase in the P. copri 
levels in [Entamoeba-positive patients].

In our study, genera Subdoligranulum and Sutterella 
also display a lower relative abundance in the [Entamoeba-
positive patients]. Several studies have associated Subdol-
igranulum with a healthy metabolic state (Leclercq et al. 
2014; Qin et al. 2014; Holmstrøm et al. 2004; Vinolo et al. 
2011; Van Immerseel et al. 2010; Kaakoush et al. 2012). 
However, Van Hul et al. (2020) in their study, showed that 
supplementation with S. variabile in diabetic mice did not 
have any significant beneficial effects and concluded that 
any correlation between a given bacteria and health as 
shown by metagenomic data require further validation with 
experiments. Our observations suggesting a loss or decline 
of Subdoligranulum genus during E. histolytica infections 
could indicate gut microbiome dysbiosis favoring diarrheal 
symptoms. However, this needs further validation.

Hiippala et al. (2016) have shown that members of genus 
Sutterella are widely prevalent commensals with mild pro-
inflammatory capacity in the human gastrointestinal tract 
but their contribution to the dysregulation of epithelial 
homeostasis connected with the increase of Proteobacte-
ria is insignificant. They suggest that the ability of Sutte-
rella spp. to adhere to intestinal epithelial cells indicate an 
immunomodulatory role. However, the relationship between 
disease pathology and loss of abundance of Sutterella in 
[Entamoeba-positive patients] is not clear and needs to be 
further investigated.

Collinsella and Bifidobacterium are from the family 
Coriobacteriaceae. They have been shown as the major lac-
tose utilizers among the human gastrointestinal microbiota 
with an in vitro model of the human colon. Collinsella spe-
cies break down carbohydrates to produce acetate, formate, 
and lactate (Kovatcheva-Datchary 2010). Prominent lactate 
utilizing microbiota Firmicutes and Bacteroides produce 
short-chain fatty acids—butyrate or propionate from lac-
tate (Duncan et al. 2004; Reichardt et al. 2014). Decrease 
in abundance of Collinsella and Bifidobacterium during 
amoebiasis may consequently reduce the positive effects of 
butyrate and propionate on the host (Wang et al. 2020). At 
the species level, our study found Collinsella aerofaciens 
to be significantly reduced in abundance in the patient sam-
ples. C. aerofaciens was also found to be significantly less 
abundant in symptomatic patients of amoebiasis in the study 
by Yanagawa et al. 2021. Butyrate-producing bacteria of 
genus Butyricoccus and species Butyricoccus Pullicaecorum 
were significantly less abundant in the [Entamoeba-positive 
patients]. These have been shown to reduce inflammatory 
pathogen load in the gut (Eeckhaut et al. 2016).

Apart from the above-mentioned genera, there are a few 
key genera that were found to be in greater abundance in 
the [Entamoeba-positive patients], though not statistically 

significant. These are Escherichia, Klebsiella, Succinovi-
brio, and Ruminococcus. Both Escherichia and Klebsiella 
belong to the class Gammaproteobacter, and earlier studies 
have shown that the abundance of bacteria from the class 
Gammaproteobacter was also shown to be associated with 
enterocolitis in new born infants (Toro-Londono et al. 2019). 
An earlier study from this lab found members of Bifido-
bacterium to be more abundant during E. histolytica infec-
tions (Verma et al. 2012). Members of both Bifidobacterium 
and Ruminococcus ferment mucin and use it as a source of 
energy. They were found to colonize mucin in an in vitro 
study where colonization of gastric mucin was examined, 
using fecal samples (Leitch et al. 2007). E. histolytica binds 
to and breaks down mucus with mucin degrading enzymes; 
however, it also potently increases mucus secretion by intes-
tinal goblet cells during symptomatic E. histolytica infec-
tions (Leon-Coria et al. 2020). E. histolytica and the gut 
microbes mutually benefit from each other. E. histolytica 
derive nutrient source from breakdown of complex carbohy-
drate by the gut microbes and also feed on them, while gut 
microbes benefit from increased mucus secretion.

Gut microbiome response 
to symptomatic Entamoeba infection was different 
from that during asymptomatic colonization

Morton et al. (2015) had earlier examined the effect of Enta-
moeba infection on the gut microbiome, but unlike the cur-
rent study where samples were from active diarrheal cases, 
their samples primarily had Entamoeba colonization without 
any symptoms. Interestingly, the response of the gut micro-
biome to these two infectious stages was largely different. 
For instance, the diversity within samples was significantly 
higher in the E. histolytica-positive samples, as well as the 
relative abundance of the majority of the phyla including 
the dominant Firmicutes. This was in clear contrast to the 
findings of the current study where a declining trend was 
observed for both. These findings indicate that the E. histo-
lytica does alter the gut microbiome in both stages, but in 
the diarrheal stage of infection, it not only shows larger per-
turbation but also alters abundance of some of the probiotic 
bacteria as discussed above and favors the colonization by 
pathogenic bacteria as the discussion follows.

Perturbation of pathogenic bacteria and their 
effects in [Entamoeba‑positive patients]

Pathogenic bacteria Staphylococcus aureus and Shigella 
dysenteriae were reported to increase the virulence of E. 
histolytica by altering the host’s immune response, while 
Escherichia coli did not elicit a similar response (Galván-
Moroyoqui et al. 2008). Shaulov et al. (2018) have reported 
that E. coli encoded malate dehydrogenase and its product 
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oxaloacetate contributes to E. histolytica’s resistance to oxi-
dative stress in the lumen of the large intestine. A study by 
Mousa et al. (2021) showed genus Klebsiella to be associ-
ated with pyogenic liver abscess and was isolated in the pus/
blood culture of patients. The prevalence of genera belong-
ing to Klebsiella and Enterobacter was observed to increase 
in [Entamoeba-positive patients] in our V1-V3-PE analysis 
while the prevalence of genus Streptococcus was greater in 
the [Entamoeba-positive patients] in the V1-SE and V3-SE 
datasets. Yanagawa et al. (2021) also found a greater abun-
dance of two species of Streptococcaceae family in patients 
with symptomatic Entamoeba histolytica infections. Yama-
shiro et  al. (1996) had found abnormal colonization by 
Streptococcus and Staphylococcus species in children with 
Kawasaki syndrome, and Esposito et al. (2019) in a review 
article quoted this and other studies to show that imbalance 
in Streptococcus during Kawasaki syndrome may interfere 
with their innate and adaptive immunity. In our study, we 
see a higher prevalence of the pathogenic bacteria of genus 
Streptococcus in [Entamoeba-positive patients] which could 
lead to changes in immunity and contribute to the enhanced 
invasiveness.

Conclusion

The compositional changes in gut microbiota of patients 
infected with Entamoeba histolytica as compared to that of 
healthy controls was studied using 16S rRNA gene sequenc-
ing of the (V1-V5) region. The results indicated that among 
the three datasets studied [V1-V3-PE (paired-end), V1-SE 
(single-end), and V3-SE], the paired-end dataset gave the 
maximum number of OTUs, and 58 genera were found to 
be common between the three datasets. A significant decline 
in the microbial alpha diversity in terms of richness and 
evenness was seen in the patients. Differential abundance 
analysis showed a significant reduction in abundance of 
Faecalibacterium, Prevotella, Sutterella, Subdoligranulum, 
and Colinsella at the genus level in the patients indicating 
dysbiosis. Pathogenic bacteria of genus Enterobacter and 
Klebsiella as well as Streptococcus increased in abundance 
during Entamoeba histolytica infection and may contrib-
ute to the increased invasiveness of the parasite by causing 
decreased host immunity. Entamoeba histolytica infections 
thus caused changes in the gut microbiome with a decrease 
in the richness and evenness of gut microbial diversity, a 
decreased abundance of genera that are associated with 
probiotic and immunomodulatory roles, and simultaneous 
increase in abundance of pathogenic bacteria. This study 
provides a deep understanding of the interplay between the 
parasite E. histolytica and human gut microbiome and pro-
vides important inputs for future studies and the treatments.
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