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Abstract Introduction Intestinal parasitic infections continue to loom in developing countries
with low sanitation and socioeconomic conditions. Pandemic times are especially
important to study the prevalence of these pathogens since the focus of all healthcare
services was coronavirus disease 2019 (COVID-19). This study aimed to evaluate the
prevalence and time-trend of intestinal parasitic infections in the capital region of India
during the pandemic times.
Methods In this cross-sectional study, a retrospective review based on data from the
past 2 years in the post-COVID-19 pandemic was used. Descriptive and time-trend
analyses were applied to the data. Time series analysis was analyzed using the best fit
autoregressive integrated moving average (ARIMA) model to look for seasonality in
trends and forecasting.
Results A total of 7267 patients’ stool samples over a 2-year pandemic period were
included in the study. Intestinal parasites were detected in 11.18% (813/7276)
patients. Giardia lamblia (2.28%) and Blastocystis hominis (3.78%) were the predominant
ones. Time-trend analysis from 2020 to 2021 using ARIMA model predicted an
increasing trend with waning of pandemic. The most prevalent infection was found
in the monsoon and autumn months.
Conclusion Rates of infection with Giardia lamblia and Blastocystis hominis have
increased in comparison to other protozoan infections like Entamoeba histolytica
when compared with prepandemic hospital-based studies. With fading of the pan-
demic, further increasing trends are predicted.
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Introduction

Intestinal parasites are responsible for infecting approxi-
mately a quarter of world’s population.1 Prevalence in devel-
oping countries is even higher.2 Several Indian studies have
shown significant prevalence of intestinal parasitic infec-
tions in both hospital and community settings.3,4 To this
effect Government of India (Ministry of Health and Family
Welfare) celebrates National Deworming Day on 10 February
every year since 2015 for school-going children.5 Implemen-
tation of this program has brought substantial reduction in
prevalence of soil transmitted helminths.6 But intestinal
parasitic infections still continue to loom in the community
and hospital settings.7 So, regular assessments are essential
to evaluate impact of the program. In this regard, coronavirus
disease 2019 (COVID-19) pandemic that engulfed the whole
world for last 2 years has posed a unique challenge, effect of
which have been several. During lockdown both outpatient
and elective services were restricted. In the department of
laboratory medicine, stool samples are received for routine
microscopic examination where all pathogenic findings are
reported besides intestinal parasites. Hence, this study
setting was appropriate to study prevalence of intestinal
parasites where samples from both inpatients and outpa-
tients are received for routinemicroscopic examination. This
study aimed to assess the prevalence of intestinal parasitic
infections among patients referred to the department of
laboratory medicine for stool microscopic examination.

Methods

This retrospective study was conducted from January 2020
to December 2021 among patients referred to the depart-
ment of laboratory medicine for stool microscopic examina-
tion. In this cross-sectional study, a retrospective review
based on data of the past 2 years in post-COVID-19 pandemic
was used. The study participants were inpatients and out-
patients referred to All India Institute of Medical Sciences,
Delhi. All participants gave stool samples for laboratory
diagnosis during the study period. Then, the sociodemo-
graphic data of participants and laboratory results were
collected from the available data of the hospital information
system database.

For parasitological analysis, fresh stool samples were
collected in the prelabeled wide-mouth plastic containers.
Stool specimen was examined microscopically using the
direct wet-mount.8 Modified acid fast staining was done
for samples of children and immunocompromised patients.9

Statistical Analysis
Descriptive statistics were presented asmeans or medians as
appropriate for continuous variables and proportions for
categorical variables. The comparison of normally distribut-
ed continuous variables between the groups was performed
using Student’s t-test. Nominal categorical data between the
groups were compared using Pearson’s chi-squared test.
Non-normal distribution continuous variables were com-
pared using Mann–Whitney U test. For all statistical tests, a

p-value less than 0.05 will be taken to indicate a significant
difference. The data were analyzed using SPSS Statistics for
windows version 26, IBM Corp. Univariate time series data
were compared with the monthly prevalence of intestinal
parasites of each pathogen among total samples examined.
Time series analysis was analyzed using the best-fit autor-
egressive integrated moving average (ARIMA) model to look
for seasonality in trends and forecasting.

Results and Discussion

In the current study, datasets of 11,715 stool samples during
the pandemic period (January 2020–December 2021) were
obtained, extracted, tabulated, and assessed. Duplicates and
consecutive samples were excluded. Finally, a total of 7,267
patients’ stool samples over 2-year pandemic period were
included in the study. The mean age of patients was
40.81�20.74 standard deviation. Patients were divided
into five major age groups of less than or equal to 14, 15 to
29, 30 to 44, 45 to 59, andmore than or equal to 60. Although
young adult patients were maximum in number, other
groups were also present in equal preponderance. More
than half of the patientsweremales (n¼4,125; 58%; Table 1).

Intestinal parasiteswere detected in 11.18% (813/7276) of
patients. Blastocystis hominiswas the predominant followed
by Giardia lamblia, Entamoeba histolytica/E. dispar, and
Cryptosporidium among others. Protozoan infections were
clearly more common than helminthic infections. Endolimax
nana, Entamoeba coli, Iodamoeba butschlii, and other proto-
zoa with limited clinical implications were also seen in
increased frequency (►Table 1). Modified acid-fast staining
was done for samples of children and immunocompromised
patients. Only Cryptosporidium spp. was detected in 10
(0.14%) patients. Soil transmitted helminths like Ascaris
lumbricoides and Trichuris trichiura were occasionally
detected. However, hookworm was detected in seven
(0.1%) patients and Enterobius vermicularis was detected in
four patients (0.06%). Mixed infections were detected in 157
(3.84%) patients. Single infections were predominant then
mixed infections. Detection of Giardia lamblia and Blasto-
cystis hominis singly and in combination with other intesti-
nal pathogens is depicted in ►Fig. 1.

Across age groups, the highest prevalence of intestinal
parasites was found in the age group of 16 to 30 (10%),
whereas the lowest prevalence (7.1%)was in the age group 45
to 59 years.Giardia lambliawas the dominant parasite across
all age groups. Highest prevalence of intestinal parasites was
seen in children less than 14 years (4.1%). A decreasing trend
was observed for Giardia lamblia and an increasing trend for
Blastocystis species was observed with age. Age group wise
trends and distribution in different age groups are depicted
in ►Table 1.

Although male patients were more than half of the total
patients, therewas no significant difference in distribution of
intestinal parasites in the two genders. However, a signifi-
cant male preponderance was seen for Giardia lamblia.

Time-related trends of common intestinal parasites were
analyzed using ARIMA model and a forecast was also
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predicted as shown. Seasonality was observed for Giardia
lamblia even during pandemic times as is seen in both
observed trend and predicted trend using ARIMA model.
An increasing trend was seen for Blastocystis species
(►Fig. 2). Mostly these infections were dominant in mon-
soon season and autumn period. A slight surge was also seen
in winter months of year 2020 but the same surge was not
reflected in 2021 as country was dealing with Omicron
variant during that time (►Fig. 3). Further, with waning of
pandemic increasing trends are predicted for common in-
testinal parasite.

Prevalence of intestinal parasitic infections was 11.18%
that is comparable to studies from Delhi and other parts of
India. Prevalence is comparable to prepandemic studies
(►Table 2).3,10–12 In our study, other coccidian parasites
like Cystoisospora and Cyclospora species were not seen.
Increased prevalence of Cryptosporidium species as com-
pared with other coccidian parasites has been reported in
other studies as well.3,13 Modified acid fast staining is done
for samples of children and immunocompromised patients.
Cryptosporidium species was detected in 10 (0.14%) patients.
Moreover, stool concentrationwas not uniformly done for all
samples that could be the reason for low prevalence of
intestinal coccidian parasites.

Prevalence of intestinal parasites was variable across
different age groups but was highest in children (<14 years).
Our results are in concordance with other studies.3,14

In our study, males (2.1%) had higher prevalence of
intestinal parasites as compared with females (1.2%). A
significant high male preponderance was found for Giardia.
Increased prevalence in males can be influenced by environ-
mental factors, eating habits, and hormonal difference be-

tween the sexes.15 Sex hormones have previously been
reported to play critical role in host defense and pathogen
life cycle that could possibly explain our study results.16

Significant seasonality was seen for Giardia lamblia even
during pandemic times. These trends have also been observed
in other prepandemic studies from other settings.3 Trends of
intestinal parasites detected in the laboratory have also been
influenced by different waves of pandemic as can be seen in
results (►Fig. 3). Similar results have also been seen in another
studywherepreventivemeasures imposed to tacklepandemic
like, lockdown, have affected intestinal parasite prevalence.17

Limitations

Since it was primarily a laboratory-based study so clinical
data could not be included. Modified acid-fast staining for
intestinal parasites was done for sample of children and
immunocompromised patients like people living with hu-
man immunodeficiency virus or transplant recipients. So,
exact burden of coccidian parasites could not be determined.
Moreover, stool concentration is not performed for all sam-
ples that could have influenced prevalence of intestinal
coccidian parasites and helminths. Nonetheless, laboratory
setup is an appropriate setting to study prevalence since it
caters to both inpatients and outpatients.

Conclusion

Due to unavailability of recent prevalence study on intestinal
parasites, this study had some interesting observations. Rates of
infection with Giardia lamblia and Blastocystis hominis have
increased in comparison to other protozoan infections like

Fig. 1 Mixed infections of Giardia lamblia and Blastocystis hominis with other intestinal parasites.
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Fig. 2 Autoregressive integrated moving average model for intestinal parasites versus the actual time series.
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Fig. 3 Frequency of intestinal parasites during the study period month wise.

Table 2 Comparison of present study with prepandemic Indian studies

Current study Uppal
et al 201410

Praharaj
et al 20173

Ghoshal
et al 201618

Singh et al 201619 Mukherjee
et al 200911

Study group Hospital based <12 years,
symptomatic

Hospital based Immunocompetent
patients

Children <15 years Hospital based

Study design Cross-sectional
retrospective

Cross-sectional
prospective

Cross-sectional
retrospective

Cross-sectional Cross-sectional Cross-sectional

Duration Jan 2020–Dec 2021
(2 years)

2012–2014
(2 years)

2006–2012
(7 years)

2008–2012 2015–2016
(6 months)

2007–2008 (1 year)

Place Delhi Delhi Vellore Lucknow Delhi

Sample size 7,267 6,527 257,588 80

Overall 11.18% 4.78% 8.9% 20%

Giardia lamblia 2.28% 2.27% 3.51% 1.25% 13.3%

Blastocystis 3.78% 0.065 0.22%

Entamoeba histolytica/
Entamoeba dispar

0.25% 0.64% 0.82% 0.72% 4.6%

Cryptosporidium 0.14% 0.15% 0.73% 10% 5% 7.6%

Cystoisospora 0.13% 4.9% 2%

Cyclospora 1.25% 2.5%

Hookworm 0.06% 0.03% 1.6%

Ascaris 0.01% 1.15% 1%

Hymenolepis nana 0.25% 3.3%

Taenia 0.04%

Enterobius vermicularis 0.06% 0.01% 2%

Strongyloides stercoralis .01% 0.1% 0.9

Trichuris trichiura

Balantidium coli

Mixed infections
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Entamoeba histolyticawhen compared with prepandemic hos-
pital-based studies. However, their role in causing symptoms
remains to be determined due to lack of clinical data. These
findings have important public health implications.
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