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Abstract

Vitamins and minerals are essential nutrients that are required for normal functioning and growth of the body. Plants are a major source of

these nutrients. Grains are consumed as staple food in developing countries, and these are lacking in essential micronutrients, leading to health
problems. To address such inadequacies, biofortification using transgenic approaches has long been on the wish-list of biotechnologists whereby
essential micronutrients are incorporated into plants. In addition to adding nutritional elements in crops, transgenic technology has ensured the
bioavailability of these micronutrients. This review summarizes the current status of nutritional deficiencies, nutritional deficiencies disorders
and strategies for the biofortification of cereals, and briefly describes how novel approaches facilitate bioavailability of these micronutrients in
food.
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Abbreviations: MNM: Micronutrient Malnutrition; DALYs: Disability-Adjusted Life Years; YLD: Years Lived With Disability; YLL: Years of Life
Lost; TALENSs: Transcription Activator-Like Effector Nucleases; CRISPR : Clustered Regularly-Interspaced Short Palindromic Repeats; LCY-B:
Lycopene 3 cyclase; CHY: B-Carotene Hydroxylase; CRTI: Phytoene Desaturase; CRTW: 3- Carotene Ketolase; GMO: Genetically Modified Organism

Introduction

Intestinal parasitic infections are a group of diseases caused
by one or more species of protozoa, cestodes, trematodes and
nematodes. These parasites are responsible for the major share
of morbidity and mortality in those communities where there
is over-crowding, poor environmental sanitation and personal
hygienic practices, which make them a great concern for the
developing countries. Intestinal parasitic infections are endemic
worldwide and have been described as constituting the greatest
single worldwide cause of illness and disease [1]. Poverty,
illiteracy, poor hygiene, lack of access to potable water and
warm and humid tropical climate are some factors associated
with intestinal parasitic infections [2,3]. Parasitic protozoa and
helminths are responsible for some of the most devastating and
prevalent diseases such as intestinal or biliary obstruction, growth
retardation and iron deficiency anemia that affect humans [4,5].

Intestinal parasitic infections constitute a global health
burden causing clinical morbidity in 450 million people; many of
these are women of reproductive age and children in developing
countries [6]. Intestinal parasitic infection is one of the major
health problems in developing countries. It has been estimated to
affect some 3.5 billion people globally and 450 million are thought
to be ill because of such infections, the majority being children
[7]. Intestinal parasitic infections, mostly helminthes, have been
linked with an increased risk for nutritional anemia, protein-
energy malnutrition and growth deficits in children, loss of weight
in pregnancy and intrauterine and growth retardation followed
by low birth weight [8,9]. Approximately 3 billion people globally
are infected with helminthes [10]. Epidemiological surveys have
revealed that, poor sanitation and inappropriate environmental
conditions coupled with indiscriminate defecation, geophagy

Adv Biotechnol Microbiol 15(2): AIBM.MS.ID.555908 (2020)


http://dx.doi.org/10.19080/AIBM.2019.15.555908
http://juniperpublishers.com
http://juniperpublishers.com/aibm

Advances in Biotechnology & Microbiology

and contamination of water bodies are the most important
predisposing factors to intestinal worm infestation [11]. The
prevalence and intensity of infection is especially high in
developing countries, particularly among populations with poor
environmental sanitation [12]. Other practices such as improper
hand washing, disposal of refuse, personal hygiene and not
wearing shoes may contribute to the infection [13]. Entamoeba
histolytica, Giardia lamblia and Cryptosporidium parvum are the
three of the most common intestinal protozoan parasites infecting
humans worldwide. They are known to be the most important
diarrhea-causing protozoa [14]. It is estimated that 10% of the
world’s population are infected with E. histolytica with the highest
prevalence in developing countries [15].

The research findings will provide data on the distribution
and prevalence of intestinal parasites and assist in proposing
strategies to protect those soldiers that may be at risk of intestinal
parasitic infections. Accurate information on intestinal parasitic
infections and risk factors for infection are needed to control and/
or eradicate the parasitic infections. As mentioned earlier, poor
sanitation and overcrowded lifestyle contributes to the infestation
of internal parasite. Military camp and schools are areas where
large number of people live and feed together where the possibility
of parasitosis is expected to be prevalent. Hence, this research was
to overview the condition in the military school camp. Most of the
intestinal parasites are more common and their manifestations are
more severe in army soldiers next to children than adult civilians
due to their mission. Infection in army soldiers is also associated
with severe gastroenteritis, anemia, mental retardation and poor
mission performance. An upsurge in water, sanitation and hygiene
related diseases such as amoebic dysentery has been reported at
army camps. Intestinal parasitic infections are highly prevalent
because of low living standards, poor environmental sanitation,
unsafe human waste disposal systems, inadequacy and lack of
safe water supply, and low socio-economic status. This could be
one reason for why intestinal parasitism has been widespread
in Ethiopia. Besides the health impact, intestinal parasites have
significant politico-economic impact in terms of absence from
mission, diagnostic and treatment expenses. Therefore, this study
was aimed to access the prevalence and associated risk factors
of intestinal parasitic infections among army soldier students at
Defense University College of Health Sciences at Bishoftu town
school camp.

Intestinal parasitic infections in Ethiopia

The most prevalent intestinal protozoan parasites in Ethiopia
are Giardia lamblia and Entamoeba histolytica/ dispar. Helminthic
infection includes Ascaris lumbricoides, Trichuris trichuria and
Taenia saginata. Many of these intestinal parasites usually cause
asymptomatic infections or produce only mild symptoms, leading
to difficulties in eradication and control [16].
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Prevalence of Intestinal Parasitic Infections in Army
Soldiers

The historical documents explained the significance of
schistosomiasis that from the time of the Napoleonic conquests,
schistosomiasis has proved to be a significant medical adversary
for troops exposed to freshwater in tropical environs. Several
hundred British and Australian troops became infected in Egypt
and the Middle East during World War I [17]. During World War
11, more than 1,500 British and African troops became infected in
Nigeria. Perhaps the most spectacular outbreak was among U.S.
service members during the liberation of the Philippine Islands,
when hundreds of troops were infected during the invasion
of Leyte [18]. During World War II, a high prevalence of active
schistosomiasis was found among Puerto Rican nationals applying
for enlistment into the U.S. Army; potential recruits were rejected
based on positive stool examination findings. In addition, medical
historians suspect that S. japonicum infection was the cause of
Dapeco fever among prisoners of war and guards in the Davao
penal colony (southern Mindanao, Philippines) [19]. Sixty-nine
troops reportedly suffered from schistosomal dermatitis during
operations in the Mekong Delta during the Vietnam conflict, but
there was no evidence that U.S. service members were infected
with human Schistosomes [20].

During the First World War, there was evidence that Ascaris,
Trichuris and Taenia were present in German soldiers [21].
Hookworm (Ancyclostoma duodenale) was first discovered
by Colonel Bailey K. Ashford, in Puerto Rico in1899, from an
infected army soldier. His discovery led to worldwide therapeutic
campaigns to cure this important parasitic disease [22-25]. A study
carried out in soldiers from different countries was showed a very
high prevalence for intestinal parasites; however, the prevalence
and profile of intestinal parasitic infections vary widely among
continents and within countries sub regions. In 2000, 2002 and
2006, in Thailand, a study was undertaken on the prevalence of
intestinal parasites among army soldiers of Royal Thai Army, in
Central Military Bases and Nakornrachasrima province, indicated
that the prevalence of intestinal parasites were 53.9%, 55.7% and
22.4% (74/317), respectively. The most prevalent protozoa found
was Blastocystis infection followed by Giardia duodenalis. Others
were soil-transmitted helminthes (hookworm, Strongyloides
stercoralis) and food borne trematode (Opisthorchis viverrini).
Among these Blastocystis spp.14.5%, Strongyloides stercoralis
2.5%, Giardia duodenalis 1.3%, hookworm spp.1.0%, Opisthorchis
viverrini 1.0%, Taenia spp.0.35%, Entamoeba coli 2.2%, and
Endolimax nana 0.6%. The prevalence of S. Stercoralis in Thailand
soldiers was 2.5% and for Blastocystis, 14.5%, which highlights
the high fecal-oral contamination. Parasitic infections in Thai
military personnel remain a public health concern. Privates had
significantly higher risk of acquiring parasitic infections than
noncommissioned officers and officers [26,27].
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In 2012, in Latin America, in the Amazonic region of Peru,
army soldiers in the local army base of Iquitos city, intestinal
parasites were diagnosed in 94/104 studied army soldiers
and the prevalence was 90.4%. Among these, Blastocystis spp.
(54.8%), hookworm (47.1%), Strongyloides stercoralis (28.8%),
Ascaris lumbricoides (27.9%), G.lamblia (18%), T. trichiura (16%),
E.histolytica /dispar (6%) and H. nana (3.4%). The most common
helminthes found were hookworm (47.1%), Strongyloides
stercoralis (28.8%) and Ascaris lumbricoides (27.9%). The most
common protozoans found were Blastocystis spp. (54.8%) and
Giardia lamblia (18%) [28,29]. In Honduras, intestinal parasites
were diagnosed in 9/58 for the U.S. military personnel in Soto
Cano region and indicated that the prevalence of intestinal
parasites was 15.5% (9/58). Among these three parasites were
found Blastocystis hominis (12.1%), Entamoeba coli (1.7%), and
Cryptosporidium spp. (1.7%). These worldwide cases indicate
that due to the harsh environment (camp life) and crowded living
condition might have contributed for the prevalence of intestinal
parasitic infections in the army soldiers. This need to be checked
by empirical evidence in Ethiopian army soldiers to overcome the
problem.

Methods and Materials of the Study

Study area and period

The study was conducted from January 2019 up to May 2019
at Defence University College of Health Sciences school camp, in
Bishoftu town. The College is located in Bishoftu town. Bishoftu
town is found in East Shoa zone, Ada’a Liban district, Oromia
Region, 47 km south-east of Addis Ababa. Geographically, it is
located between latitudes of 80 45’N and longitudes of 380
59’E /8.7500N and 38.9830E. The mean annual minimum and
maximum temperatures are 12 °C and 27 °C respectively, with
an overall average of 18.7 °C. The mean relative humidity is
61.3%. It has three agro-ecological zones, namely midland (94%),
highland (3%) and lowland (3%) [28]. According to the 2012
census, Bishoftu town has a total population of about 171,115, of
whom 89,160 were women and 81,955 were men [29]. Defense
University College of Health Sciences school camp one of the
institutions in the town. During the study period there were 2000
army soldier in Defense University. Of these army scholars, 1200
were in engineering camps and other colleges, and 800 were in
Health Science College at Bishoftu and Addis Ababa school camps
the rest schools.

Study design

Institutional based cross-sectional study design was carried
out among army soldier by using systematic probability sampling
technique.

Study population

Army Soldier students of Health Sciences at Bishoftu school
camp.
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Sample size determination

The sample size was calculated by using a single population
proportion formula:

2
270

(Z=thisis the critical value of the standard normal distribution
(1.96 at 95% confidence interval); P = estimated prevalence of
intestinal infection; Q = 0.152 - P and d = absolute precision or
sampling error tolerated = 5%). The minimum calculated sample
size that was used for this study is 197 participants.

The sample size was calculated using a single population
proportion formula with the assumptions of 95% confidence
interval and 5% of marginal error; , - (#=/2) 2P (1-P)

“w

y , where “n
is the required sample size. Taking p = 15.2% (0.152) (prevalence
of intestinal parasitic infections in Honduras, in Latin America, for
the U.S. military personnel in Soto Cano region [30].

N = Source population (assume 2000 army soldier students in
Defense University College)

n’ = total sample size to be studied

n= sample size was collected from finite population, n= Z* P

(q)/a?

Where, P = Prevalence of intestinal parasites to be studied was
taken as 15.2% = 0.152= failure ratel-p, 1-0.152 = 0.848

d?= Absolute precision and was taken as 0.05. 0.0025
Z? = 1.96 at 95% confidence interval. 3.8416

n =1.96*1.96*0.152(1-0.152)/0.05*0.05 =198*10/100 = 218

An initial sample size was 198. After considering 10% non-
response, the final sample size was determined tobe (198x10) /100
=19.8 » 20 then total 198+ 20= 218. So, the number of the study
population was less than 10,000 then the final sample size was
calculated by using finite population correction formula.

n’=n/ (1+ n/N) = 218/ (1+218/2000) = 218/ (1+0.109) =
218/1.109 = 196.57 = 197 subjects.

Sampling method

Based on the defense health science college student payroll
number study participant was selected systematically. Kth interval
was used= K" = N/n= 800/179= every 5" interval of student
payroll number was taken to this study.

Variables
Dependent variable

Prevalence of intestinal parasitic infections.
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Independent variable

all sociodemographic conditions such as age, sex, ranks,
level of knowledge on intestinal parasitic infections, sanitation,
personal hygienic practices, etc.

Inclusion and exclusion criteria

Inclusion criteria: Those volunteers who signed informed
consent and deliver stool specimen. Did not receive any
antiparasitic treatments in the days prior to sampling.

Exclusion criteria

The army soldier student did not have the signed informed
consent

Stool sample that was not properly collected.
Did not answer the questions on the form for sample collection

Those subjects who had taken antiparasitic drugs in the last
three weeks or during data collection were excluded.

Data collection tools

To determine the risk factors and outcomes of intestinal
parasitic infections, standardized questionnaires concerning
sociodemographic data, sanitary behaviors including cooking and
eating habits, source and treatment method of drinking water,
sanitary facilities, and hygiene conditions was used in the study.
All participants were asked to complete the questionnaires before
they provided their specimens. The pretest was done among 20
participants of similar demographic characteristics before actual
field work begun.

Stool Specimen Collection and Examination

Collection of faecal samples

A total of 197 stool specimens were collected from army
soldier students including privates, noncommissioned officers,
officers, and other employees, who voluntarily were enrolled into
the study with the informed consent. A single fecal specimen was
collected from each army soldier students. They were instructed
to collect fresh stool specimen into labelled specimen bottles
and submit no more than one hour after collection. About 20- 50
grams of formed stools or 5- 6 spoon-full for watery stools were
collected. All specimens were labeled with subject’s name, age,
sex, rank and date of collection. The specimens were taken to the
College laboratory for examination and identification of parasites.
The stool samples were examined for trophozoites and cysts of
protozoans and the ova and larvae of helminths under the light
microscope [31].

Direct microscopy [Wet mount]

Specimens containing blood and mucus and those that were
unformed were examined immediately because these may contain
motile trophozoites. A drop of fresh physiological saline was
placed on one end of a slide and a drop of iodine on the other end.
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A small amount of specimen about 2 mg was mixed with saline,
and a similar amount was mixed with the iodine using a wooden
applicator. Smooth, thin preparations of the specimen was made
and covered with a cover glass. The entire saline preparation was
examined systematically for larvae, ciliates, helminths eggs, cysts,
and oocyte underx10 objective with the condenser iris was closed
sufficiently was used to give good contrast. The x40 objective was
used in the identification of eggs, cysts, and oocytes. The iodine
preparation was used to assist in the identification of cysts.

Formol-diethyl-ether concentration method

This concentration technique was required because it was
rapid and can be used to concentrate a wide range of stool parasites
from fresh or preserved stool. An application stick was used to
emulsify 1 g of stools in about 10 ml of normal saline contained
in a tube. The emulsified stools were sieved, and the suspension
was collected in another tube. The suspension was centrifuged at
3000 rpm for 5 min. The supernatant was discarded leaving the
deposit. A volume of 7 ml of 10% formaldehyde was added to the
deposit and mixed. A volume of 3 ml of diethyl ether was further
added and mixed well by shaking. The layer of fecal debris was
loosed from the side of the tube using a stick or stem of a plastic
bulb pipette, and the tube was inverted to discard the ether, fecal
debris, and formaldehyde. The sediment was retained. The tube
was returned to its upright position, and the fluid from the side
of the tube could drain to the bottom. The bottom of the tube was
tapped to suspend, and the sediment was mixed. A drop of the
sediment was transferred to one end of a slide and another to the
other end. A drop of iodine was mixed with one of the sediment
parts, and a cover glass was used to cover each preparation. The
entire preparation was examined microscopically using X10
objective with the condenser iris was closed sufficiently to give
good contrast while the X40 objective was used to examine small
cysts and eggs.

Data Quality

Reliability4The reliability of the study was measured by
predictive values of positive and negative tests.

Validity

The validity of the study was measured by the sensitivity and
specificity.

Quality assurance

Pretested questionnaires were used during the study
and laboratory procedures including collection and handling
of specimens were carried out in accordance with standard
protocols (Standard Operating Procedures). All tested slides were
rechecked and supervised by senior diagnostic medical laboratory
professionals. The samples were examined within the 30 minutes
of preparation of the sample. The filled interview question was
checked at the spot to check their completeness, consistency and
clarity issues.
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Data analysis techniques

Data was entered and analyzed by using statistical packages
for social science (SPSS) 20 version of computer software, after
checking its completeness. It was summarized in percentages
and presented in tables, pie chart and bare graph. Association
between risk factors and parasitological test results were assessed
using chi-square with 95% CI and P-value less than 0.05 was
considered as statistically significant. Chi-square (crosstab) was
used to determine the association between the response variables
(intestinal parasitic infections) and risk factors and their levels of
significance (p < 0.05).

Ethical clearance

Ethical clearance was obtained from Institutional Health
Research Ethics Review Committee of the Defense University
College of Health Sciences. Also, the permission was obtained from
the school camp. In addition, an informed signed and consent was
obtained from participants of the study subjects after explaining
the importance of the study briefly. Anyone who was not being
willing to take part in the study would have full right to not be
included in the study and confidentiality of the study participants
were also maintained. Those army soldier students who were
positive for intestinal parasites were treated freely based on their
laboratory findings according to national standard treatment
guideline.

Results

General characteristics of studied population

Among the 197 enrolled studied population, 159 (80.7%)
male and 38 (19.3%) female were army soldier students, including
civilian 39 (19.8%), non-commissioned officers 61(31.0%), and
commissioned officers 97 (49.2%). Of the study subjects 58
subjects (29.4%) were infected and 139 subjects (70.6%) were
not infected with parsite. In this study the intestinal parasites
were diagnosed in 197 studied army soldier students and the
prevalence was 29.4%. Among these, Entamoeba histolytica/
dispar (72.41%), Giardia lamblia (20.69%), Hookworms species
(3.45%), Ascaris lumbricoides (1.72%) and Taenia species (1.72%).
The most common protozoans found were Entamoeba histolytica/
dispar (72.41%) and Giardia lamblia (20.69%). The most common
helminthes found were hookworm species (3.45%), Ascaris
lumbricoides (1.72%) and Taenia species (1.72%). The prevalence
of intestinal parasites in this population is presented in Tables 1
& 2. Hookworm species (1.72%), Ascaris lumbricodes (1.72%) and
Taenia species (1.72%) were the most frequent helminths found
by formol diethyl ether concentration technique (FDECT) (5.2%).
The Direct Smear Microscopy (DSM) method did not detect any
Ascaris lumbricodes (1.72%) and Taenia species (1.72%) ova in
stools in any of the 197 stool specimens (Figure 1 & 2).

Table 1: Prevalence of intestinal parasites by using direct DSM and FDECT among military students from defence university health science

college at Bishoftu town, Ethiopia, (January 2019-May 2019), (n = 197).

Intestinal Parasites
Technique Prevalence
No. Examined No. Positive
DWM 197 24 12.18%
FDECT 197 34 17.26%
Total 197 58 29.40%

Table 2: Sociodemographic characteristics of army soldier students of defence university college of health sciences, Bishoftu town school camp,
Ethiopia, (n = 197), 2019. bivariate analysis of factors associated with intestinal parasitic infections among military students from defense univer-
sity health science college at Bishoftu town, Ethiopia, (January 2019-May 2019), (n = 197).

Characteristic Parasites Positive (%) Parasite Negative (%) Total p-Value
Gender
Female 12 (31.58) 26(68.42) 38(100)
0.842
Male 46 (28.93) 113(71.07) 159(100)
Age
<30 Years 24(24.24) 75(75.76) 99 (100) 0.006
30 Years 34(34.69) 64(65.31) 98 (100) 0.004
Military Rank
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Private 12(31.58) 26(68.42) 38(100) 0.858
Non-commissioned officer 17(27.42) 45(72.58) 62(100) 0.898
Commissioned officers 29(29.90) 68(70.10) 97(100) 0.94

Level of Education

Diploma or TVET 38(28.15) 97(64.45) 135(100)
0.615

Bachelor’s degree 10(16.13) 52(83.87) 62(100)

e N
Percentage of Parasite Prevalence in the
197 Army Soldier Students
Figure 1: Shows the percentage prevalence of intestinal parasite [7].
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Figure 2: Displays types of intestinal parasites that found in studied subjects in army soldier students of defence university college of health
sciences, Bishoftu town school camp, Ethiopia, (n = 197).
\ J

Sociodemographic characteristics of the study subjects the prevalence of 21.3%, followed with Giardia lamblia (6.1),
Hookworm species (1.0%), Ascaris lumbricoides 0.5%, and Taenia

As shown in Tables 3 & 4, Entamoeba histolytica/dispar
species (0.5%).

was the most common protozoa found in this population with
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Table 3: Prevalence of helminthes and protozoa in army soldier students of defense university college of health sciences, Bishoftu school camp,

Ethiopia, (n = 197).

Army Soldier Students (n = 197)
Intestinal Parasites
Quantity Percent (%)
Positive 58 29.4
Helminths 4 2
Protozoa 54 27.4
Negative 139 70.6
Total 197 100
Names of Parasites
Entamoeba histolytica/dispar 42 72.41
Giardia lamblia 12 20.69
Hookworms species 2 3.45
Ascaris lumbricoides 1 1.72
Taenia species 1 1.72
Total 58 100

Parasitological results of the studied subject

Table 4: In respect to the methodology used and prevalence of intestinal parasite in army soldier students of defense university college of health

sciences, Bishoftu town school camp, Ethiopia, (n = 197) 2019.

Parasitological Techniques
Intestinal Parasite
DSM*(%) FDECT*(%) Total (%)
Entamoeba histolytica/dispar 18(31.03) 24(41.37) 42(72.4)
Giardia lamblia 5(8.62) 7(12.07) 12(20.70)
Hookworms species 1(1.72) 1(1.72) 2(3.45)
Ascaris lumbricoides 0(0) 1(1.72) 1(1.72)
Taenia species 0(0) 1(1.72) 1(1.72)
Total 24(41.37) 34(58.6) 58(99.99)

* DSM: Direct Smear Microscopy * FDECT: Formyl Diethyl Ether Concentration Technique

Associated risk factors vs intestinal parasitic infections

Table 5: Types of intestinal parasite among military students from defence university health science college at Bishoftu town, Ethiopia, (January

2019-May 2019), (n = 197).

Risk Factors Response Total (%) Positive (%) Negative X? p-value

Always with soap and water 11(5.6) 0(0.0) 11(100) 14.32 0.001
Habit of hand washing before meal Always with water only 113(57.36) 25(22.12) 88(77.9) 16.463 0
Sometimes with soap and water 75(38.07) 33(44.0) 42(56.0) 14.247 0

Always with soap and water 24(12.2) 1(4.2) 23(95.8) 8.988 0.029

Always with water only 92(46.7) 27(29.35) 65(70.65) 11.497 0.009

Habit of hand washing after toilet Sometimes with soap and 19(9.64) 7(36.84) 12(63.2) 5.67 0.017

Sometimes with water only 63(31.98) 23(36.51) 40(63.5)
Yes 146(74.11) 33(22.60) 113(77.39) ﬁ:ig; 0_(?01
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Habit of fingernail trimming No 51(25.89) 25(49.02) 26(50.98) 1;23; 888(1)
Do not 21(10.66) 2(9.52) 19(90.48) | 18.226 0
Habit of eating uncooked vegetable Sometimes 157(79.69) 43(27.39) 114(72.61) | 17,536 0
Always 19(9.64) 6(31.58) 13(68.42) | 16.089 0
Do not 166(86.8) 38(22.59) | 138(77.11) 0'%09 0'326
Habit of eating undercooked meat 0.009 0.926
0.0009 0.926
Sometimes 31(13.2) 30(96.77) 1(3.23
Always 146(76.1) 40(27.40) | 106(72.60) | 2.598 0.273
Habit of walking on bare feet Sometimes 45(22.8) 13(28.9) 32(71.1) 4.278 0.118
Do not 6(1.0) 5(83.33) 1(16.67) 0.706 0.401

Types of intestinal parasite versus gender, age, military rank and level of education

There are many different risk factors associated with
intestinal parasitic infections. The multivariate analysis for these
factors was given in Tables 2 & 5 below.

Prevalence of intestinal parasite by using DSM and
FDECT

Out of 197 subjects, 24 (12.18%) and 34(17.26%) were
positive for intestinal parasites when using direct wet mount and
FDECT respectively (Table 1).

Comparison Between Direct Wet Mount [DWM] and
FDECT

Out of 197 stool samples, 24 (12.18%) were positive for
intestinal parasites when using direct wet mount, 8 samples were
negative by direct wet mount and positive by FDECT, while 34
(17.26%) were found to be positive by FDECT (p=0.000) (Table
6).

Table 6: Comparison between direct wet mount and formol-diethyl-ether concentration techniques (FDECT).

FDECT
Total
Positive Negative
DWM Positive 24 0 24
Negative 34 139 173
Total 58 139 197
Sensitivity and Specificity of Direct Wet Mount
Table 7: Sensitivity of Direct Wet Mount.
FDECT
Positive Total Sensitivity %
Negative
Direct Wet mount Positive 24 0 24
41.38%

Negative 34 139 173

Total 58 139 197
Table 8: Specificity of direct wet mount.

FDECT
Total Specificity %
Positive Negative
Positive 24 0 24
Direct Wet mount Negative 34 139 173 100%
Total 58 139 197
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According to the formula mentioned in materials and methods
the sensitivity of direct wet mount was (41.38%) (Tables 1 & 7).
While the specificity was (100%) (Tables 7 & 8).

Parasitological Results Discussion

Intestinal parasites are a global public health problem by
affecting about three billion people around the world. They
present various degree of prevalence in areas where there is
overcrowding, poor environmental sanitation, and personal
hygienic practices especially in developing country like Ethiopia.
In army communities the infections are very high next to children
due to their deployment in harsh environment for the mission.
In our study, five types of intestinal parasite such as Entamoeba
histolytica/dispar  (72.41%), (20.69%),
Hookworms species (3.45%), Ascaris lumbricoides (1.72%) and
Taenia species were seen (1.72%). These all five types of intestinal
parasites were found by using two types of parasitological
techniques such as Direct Smear Microscopy (DSM) and Formol
Diethyl Ether Concentration Technique (FDECT). These techniques
used in the research and its significance in identifying the parasite
were indicated in Tables 1 & 5. The FDECT method was found
more sensitive and specific in the finding intestinal parasites
than DSM method. Especially, in the case of Ascaris lumbricoides
(1.72%) and Taenia species (1.72%) identification. The FDECT
is largely superior to the direct smear microscopy method for
detection of intestinal parasites and these findings are confirmed
in our study. Moreover, we found that it has a higher sensitivity
than the DSM for detection of helminths larvae. This suggests
that FDECT should be added to the screening tests when carrying

Giardia  lamblia

epidemiological studies in highly endemic areas for helminths.

Without ruling out a possible acquisition of infection during
duty activities, our study assessed the prevalence of intestinal
parasitic infections and associated risk factors among the army
soldier students of DUCHS at Bishoftu town school camp. The
overall prevalence of intestinal parasites in this study was
(29.4%), which is very low compared with that reported by
[32], in Latin America of Peru army soldier(90.4%), (53.9%) and
2002 (55.7%) from Thailand army soldiers in Nakornrachasrima
province. However, it was relatively higher compared with that
the same study carried out by [33] (22.4%) in Thailand on army
soldiers and (15.4%) in U.S. military personnel in Honduras.
Defense Health College is a comparatively sanitized school camp
with aware health sciences students learning in the college.
Furthermore, the periodic campaign of basic health care in the
college could possibly explain the lower prevalence of intestinal
parasitic infections seen in this study.

In the present study, the overall prevalence of intestinal
parasitic infections observed among the studied army soldier
student population was (197, 29.4%) its low findings compared
with the study conducted in Latin America among Peru army by,
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which revealed that (104, 90.4%) of the population harbored
intestinal parasites. Found that 90.4% of the soldiers were
infected with some pathogenic parasite. There was two parasites
per person on average, which highlights the high burden of
intestinal parasites in this particular population. The maximum
number of different parasite species in one individual was seven.
In our case, the maximum number of different parasite species in
one individual was only two with a prevalence rate of 91.38% was
monoparastism and 8.62% polyparasitism. This may be attributed
to the fact that the studied army had access to good water supply
and adequate sanitary facilities at school camp.

Global statistics on the prevalence of Entamoeba histolytica
infection indicates that 90% of infected individuals remain
asymptomatic carriers while the other 10% develop clinically
apparent disease. The most prevalent intestinal protozoan
parasites in Ethiopia are Giardia lamblia and Entamoeba
histolytica/ dispar. Our study showed significantly higher
prevalence of Entamoeba histolytica/dispar (72.41%) compared
with that reported by in Latin America from Peru army soldiers
(6%) but relatively the same prevalence of Giardia lamblia
(20.69%) compared with that found from Peru army (18%). The
prevalence of Hookworms infection (3.45%) in this study was
lower than the study conducted by in Peru which showed very
high (47.1%). The prevalence of Ascaris lumbricoidis (1.72%)
compared with that studied by Maria et al. in Peru army soldiers
(27.9%). Entamoeba histolytica/dispar infection was the most
important intestinal protozoan recorded in our present study.
The overall prevalence of Entamoeba histolytica/dispar infection
among the studied army soldier students was 72.41%. This could
be attributed to high transmission of the parasite due to poor
water and food handling at the mess and inadequate sanitary
facilities in the studied army. In relation to the individual sex and
military ranks, the prevalence rates of Entamoeba histolytica/
dispar infection were 80.95%, 19.05%, 50%, 26.19% and 23.81%
in male and female army, commissioned and non-commissioned
officers, and privates respectively (Tables 1 & 6). The high
prevalence of Entamoeba histolytica/dispar (72.41%) and
Giardia lamblia (20.69%), which highlights the high fecal-oral
contamination that may be related to poor handling of water and
food in the mess.

The investigation also reveals a prevalence of 2.03% intestinal
helminth infections which comprise Hookworm (3.4%), Ascaris
lumbricoides (1.72%) and Taenia species (1.72%). The overall
prevalence 2.03% was much lower than a study conducted
by among army soldiers in Peru, Latin America. She recorded
Hookworm (47.1%) and Ascaris lumbricoides (27.9%) prevalence
of intestinal helminth infection. Being hookworm (3.45%) the
most common helminthic parasite found in this population, one
could speculate that the most common route of transmission in
these subjects was through the skin penetration (i.e. feetin mud or
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contaminated water/soil with hookworm larvae). Therefore, this
could be due to soil contamination in fact of that the younger army
soldier students were very active to play football sometimes with
bare feet on dusty poor ground; that they may come into contact
with soil and water that contaminated with these parasites’ eggs/
larvae. This study showed relatively high prevalence of Taenia
(1.72%) compared with that reported by in Thailand (0.35%).
This attributed to that high consumption of raw meat in the
studied population than that of Thai army.

Socio-Demographical Results Discussion

According to the gender, the prevalence of parasitic infections
was seen higher in female (31.58 %) than male (28.93%) army
soldier students. However, the study conducted. In Thai Army in
Thailand showed that the prevalence of parasite infection was
slightly higher in male army (22.6%) than female army (20.0%).
This indicated that the gender may or may not play the role in
intestinal parasitic infection depending up on the region and other
harsh environmental or behavioral factors due to their mission. In
general, the increased mobility of the male army to different duty
activities increases the risk of infection among them, while female
army have more contact with contaminated food items and eat
raw vegetable with prepared food more often than male’s army.
According to the age groups of the study subjects, the prevalence
of intestinal parasite was statistically very significant p< 0.05. It
was 24.24% in younger age active army soldier students (<30-
year old), especially those who enrolled recently as compared to
>30 years older army members (34.69%). This may be related to
good basic health care by younger active army members. This in
turn attributed to grooming practice in search of mate or to be
alert and neat as a military science rule.

According to the military rank, the prevalence of parasitic
infection was higher among privates (31.58%) than commissioned
officers (29.90%) followed by non-commissioned officers
(27.42%). It was not significantly different among commissioned
and non-commissioned officer (Table 1). The high prevalence of
parasites in privates may be attributed to their low income which
drives them to use substandard catering service providers out of
the school camp, or further study is needed. Similar result has
been reported by [34] in Thailand army that the privates had
significantly higher risk of acquiring intestinal parasitic infections
than non-commissioned and commissioned officers. Regarding to
level of education of the study group the prevalence of intestinal
parasite in diploma level army members was 28.15% whereas it
was 16.13% in bachelor’s degree holders. The intestinal parasitic
infection was significantly higher among the army soldier students
whose level of education was diploma (35.55%) than those first-
degree army soldiers (16.13%). The study carried out by [35] also
showed high prevalence of intestinal parasitic infection in Thai
army whose education level was diploma (20.8%) than that first-
degree army (13.0%).
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Bivariate Results Discussion

Due to the bivariate analysis, in this study the associated
risk factors such as hand wash before meal and after defection,
fingernail trimming and eating undercooked vegetable were
statically very significant p <0.05. Among the total of 197
respondents 11 or 5.6% responded that they wash their hand
always with soap and water, 113(57.36%) always with water
and 75(38.07%) sometimes with soap and water. However,
among those 11 responded Always with soap and water only
one respondent (9.09%) was found to be infected and 90.01%
not infected. Since washing with soap and water before meal is
strongly related with prevention of intestinal parasite, only 9.09%
are infected. Those responded Sometimes with soap and water
are prone to intestinal parasite infection because these parasites
are transmitted fecal to mouth route and unwashed hand would
be the source of contamination. This is confirmed by the fact that
out of the total 75 respondents about 33(44%) are infected with
the parasite.

Among the respondents for the habit of hand washing after
toilet the most significant relationship goes to those responded
sometimes with water only p<0.05. Among these respondents
36.84% of them are infected with intestinal parasite. Since
intestinal parasite transmission is via fecal to mouth route.
Therefore, hand washing after toilet reduces contamination
of hand with fecal material and hence reduces transmission
of parasite. The best way of washing hand to reduce parasite
infection will be always washing with soap and water. Those
who wash their hand after toilet regularly indicated the lowest
rate of infection (4.2%). Habit of fingernail trimming is related
to intestinal parasite infection in that waste in the fingernail will
be a source of fecal hand to mouth infection. Those trim their
finger regularly showed lower infection (22.60%) as compared
to the non-trimmers (49.02%). Those respondents who always
eat uncooked vegetable 31.58% are infected with intestinal
parasite infection and it was statistically significant p <0.05.
Because uncooked vegetable can be contaminated with parasites
either on the farmland with infected water or during handling,
transportation and preparation. Out of the study subjects, those
who sometimes ate undercooked meat were higher than (96.77%)
those who did not eat it.

According to the army soldier students that using soap and
water always before eating meal had significantly lower prevalence
of intestinal parasitic infection (9.09%) when compared with
hand washing only using water (22.12%) and who did wash hand
sometimes with soap and water (29.35%) (Table 1). This study
showed that the army soldier students washing hand with soap
and water after defecation had significantly lower prevalence of
intestinal parasitic infection (4.2%) when compared with washing
hand only using water (29.35%) and sometimes using soap and
water (36.84%). The similar studies conducted in Thailand also
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showed lower prevalence of parasitic infection those who were
using soap and water for hand washing after defecation than using
only water Regular wearing of closed-shoes had a significantly
lower prevalence of intestinal parasitic infections (25.89%)
than those did not wear closed-shoes (74.11%). A similar study
conducted in Peru army soldiers, in Latin America also showed
that regular wearing of closed shoes had a significant contribution
to the low prevalence rate of intestinal parasitic infections (P <
0.05).

Conclusion

Our study has revealed high prevalence of intestinal protozoa
(27.4%) and low intestinal helminth infection (2.0%) among the
studied army soldier students at Defense Health Sciences College
in Bishoftu town school camp, Ethiopia. Entamoeba histolytica/
dispar (21.32%), Giardia lamblia (6.1%) and Hookworm species
(1.0%) were the predominant pathogen recorded with a lower
percentage having 0.5% Ascaris lumbricoides and Tania species
(0.5%).

The differences in the rates of most of the pathogenic protozoa
(Entamoeba histolytica/dispar, Giardia lamblia) and helminths
(Hookworm, Ascaris lumbricoides and Taenia) infections recorded
among the studied army soldier students in our study school
camp were statistically significant (p < 0.05) with risk factors
such as age but no other factors. The age groups most affected
were greater than thirty (>30, 34.69%) years followed by less
than or equal thirty (<30, 24.24%) years age groups in all the
army soldier students. Female army soldier students (31.58%)
recorded the highest of intestinal parasitic infections than males
(28.93%) among the studied army soldier population. Those
who were infected with pathogenic parasitic infection were
treated with proper antiparasitic drugs. In addition, instruction to
prevent themselves from acquiring intestinal parasitic infections
i.e. foodborne parasite, waterborne parasite and soil-transmitted
helminthes were provided to the studied population.

In general, this study shows a high prevalence of helminthes,
most commonly hookworm and protozoans, most commonly
Entamoeba histolytica/dispar followed by Giardia lamblia, in
army soldier students from DUCHS and we propose to include
the army soldier students from this school camp were relatively
risk populations for intestinal parasites especially protozoans.
Moreover, when we compare with other studies that carried out
in army soldiers the prevalence of overall intestinal parasitic
infection was low among army soldier students of Defense Health
Sciences College. The lower prevalence in the current study could
be attributed to the fact that most of the studied army soldiers
had adequate sanitary facilities, good knowledge and attitudes
being their healthy students, good water supply and practiced
proper hygiene (hand washing before eating and after defecation)
and the common reason to this fact that all compered study was
developed country articles [36-39].
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Limitations of the Study

Limitations of this study are the sample size, the single study
setting and testing methods. Ideally, three consecutive days
samples and multiple army sites, especially active army on duty
outside of the camp, may be more representative of the population.
Ethyl acetate and real-time PCR testing techniques and methods
are the best to detect and differentiate intestinal parasites.
Diagnosis of intestinal parasites is confirmed by the recovery
of protozoan trophozoites and cysts, helminth eggs and larvae
in the clinical parasitology laboratory. Due to the low density of
the parasites in the faces, the sensitivity, specificity and accurate
microscopic identification of intestinal parasitic infections will
depend on the method used, the number of stools analyzed, and
the quantity of parasites excreted per sample. In our current
study direct smear microscopy and formyl ether concentration
methods were used and the result was based on a single sample
obtained from individual participants. If three stool samples from
each participant had been analyzed, the sensitivity of the results
would have been enhanced. Diethyl ether was used in place of
ethyl acetate as faucal fat extraction solvent. This was because
it was very difficult to obtain ethyl acetate on the market. Ethyl
acetate is a good faucal fat extractor as compared to diethyl ether
because it provides clear sediment but may also end up extracting
some of the parasite. In case of Entamoeba histolytica/dispar, very
wide range of prevalence (72.41%) has been reported whether
they were pathogenic Entamoeba histolytica or non-pathogenic
Entamoeba dispar. In fact, of their species similarity we did not
differentiate their quantities by parasitological methods. They
further distinguished in a real-time polymer chain reaction (PCR)
with primers-based on the SSU-rRNA gene sequence.

Recommendations

Based on the findings from the study, it is recommended that
the Defense Health Sciences College authorities in parallel with
Ministry of Defense department and other stakeholders should
conduct periodical health promotion in this army community and
academics specifically on the modes of transmission, prevention
and control of the intestinal parasites, environmental sanitations,
personal hygiene and their impact on the magnitude occurrence
of these intestinal parasitic infections. it needs adequate provision
of sanitary facilities in college and in the army school camps. Food
handlers at the school camp should need to screen periodically
for protozoa and helminths to prevent the transmission of the
infection through the food they handle and prepare at mess.
School camp deworming programmers and health educations
(especially on personal hygiene practices) should be conducted
in the study school camp to minimize the spread of intestinal
parasitic infections. Be that as it may, providing an effective
basic health care and a massive drug administration may be the
next step as intervention in this relatively risk population. To
the best of our knowledge, providing effective basic health care
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massive drug administration against intestinal parasites in high-
risk populations may be a cost-effective intervention to reduce
the burden of disease. It is recommended that ethyl acetate and
real time PCR should need to be used; three stool samples and
multi setting samplings should need to obtain from individual
participants to effectively detect the parasites if present during
future study. Future studies should need to focus on asymptomatic
carriers and deworming of this military population with
monitoring of infections or resistance.
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