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[bookmark: _Toc528354123]Abstract	
Background: -The prevalence of intestinal parasites in developing countries is high due to poverty, lack of safe drinking water, poor hygiene, malnutrition and low latrine coverage. Despite its high prevalence nowadays in Ethiopia, the direct wet mount method is used for routine laboratory diagnosis of intestinal parasites because of its feasibility as compared to other techniques even if its sensitivity is questionable. Therefore, evaluating the performance of diagnostic tests that can be used in routine patient diagnosis is essential to determine the true burden of the disease.
Objective: -The objective of this study was to evaluate the performance of wet mount, Baermann, Modified Baermann and Ritchie’s methods for the diagnosis of intestinal parasites against the “Gold standard”. 
Methods: - A school based cross-sectional study was conducted among school children at Meshenti and Gedro elementary schools from March to June 2018. Single stool sample was processed by wet mount, Baermann, Modified Baermann and Ritchie’s methods. Data entry and analysis were done by using Statistical Package Epi-Info version 7 and Statistical Package for Social Sciences version 20 software, respectively. The sensitivity, specificity, negative predictive value and positive predictive value of diagnostic tests at 95% CI and Kappa values were calculated with respect to the “Gold standard” method (the combined result of altogether).
Results: - Of the total 211 study participants, 48.8% were males and 51.2% were females. The mean age of study participants was 11.94 years. The overall prevalence of intestinal parasite infection was 60.2%. The sensitivity and negative predictive value of Wet mount, Baermann Method, Modified Baermann, and Ritchie’s methods against the “Gold standard” were: 49.6% and 56.8%, 42.5% and 53.5%, 80.3% and 77.1%, and 67.7% and 67.2%, respectively. 
Conclusions:-In this study, Modified Baermann outperformed the other methods followed by Ritchie’s method. Therefore, it is preferable to use Modified Baermann, in complement with Ritchie’s method as a routine laboratory diagnosis of intestinal parasitic infection in low income countries like Ethiopia.
Key words: - Baermann, Wet mount, Ritchie’s Method, Bahir Dar, Ethiopia
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[bookmark: _Toc528354124]1. Background
[bookmark: _Toc528354125]1.1 Introduction
Intestinal parasitic infection is a condition in which the gastro-intestinal tract of human is infected with those parasites that reside in the intestine (Haque 2007). The most prevalent intestinal parasites that cause infection in the human are Giardia lamblia (G. lamblia), Entamoeba histolytica (E. histolytica) and Soil transmitted helminths (STHs) (Ascaris lumbricoides (A.lumbricoides), Trichuris trichiura (T.trichiura) and Hookworm spp, Sterongloide  stercoralis (S.stercoralis), Taenia saginata (T. saginata) and Hymenelopis nana (H. nana) (Haque, 2007; Daryaniet al., 2017).
Intestinal parasitic disease has a cosmopolitan distribution. It is estimated that about 3.5 billion people in the world are infected with intestinal parasites, of which 450 million are ill as a result of these infections (Endris et al., 2012). Particularly in developing countries they constitute the greatest cause of illness and death (Vanlieshou and Roestenberg 2015; Omar et al., 2016; Paugam et al., 2016).
Intestinal parasitic infections are more prevalent among school children as compared with the general population(Andualem et al., 2014; Hailegebriel et al., 2017).About 12% of the global disease burdens are observed among school children with age ranges from 5 to 14 years in developing countries(Hailegebrielet al., 2017). Up to 270 million preschool and 600 million school children were living in area where high transmission of intestinal parasites (Andualem et al., 2014; Hailegebriel et al., 2017). 
Intestinal parasitic infections are closely related to economic and social developmental processes of the society (Koksal et al., 2010). Because of this, the majority of these intestinal parasitic infections are more prevalent in developing countries (Negussu et al., 2017).People living in developing countries are at risk due to contaminated water source or soil that may be contaminated with parasites, inadequate sanitation, poor hygiene habits,and fast population growth (Wegayehu et al., 2013; Negussu et al., 2017).

In developing countries, even though the mortality from intestinal parasitic infections is low, complications are common and many cases need hospitalization. Also they can cause anemia, growth retardation in children, weight loss, and other physical, mental health problems (Daryani et al., 2017; Negussu et al., 2017).
In Ethiopia, intestinal parasitic infection is common and it is the second most predominant cause of outpatient morbidity (Endris et al., 2012; Yimer et al., 2015). Of this, the most prevalent intestinal helminths are A. lumbricoides, followed by T. trichiura and Hookworm spp (Yeshambel et al., 2010; Hailu, 2014; Adane et al., 2016). According to Negussu et al., (2017) in Ethiopia, the number of people living with STHs in endemic areas is estimated at 79 million, comprising of 9.1 million pre- school aged, 25.3 million school aged and 44.6 million adults.
Among the protozoan parasites, E. histolytica and G. lamblia are the most dominant cause of intestinal morbidity in children (Hailegebriel et al., 2017). Children are the major risk group for intestinal parasitic infections in many developing countries. This is because; they are particularly susceptible if they are not thoroughly cleaned after coming into contact with infected soil that is present in the environment (Cairncross et al., 2010). In spite of this, there is no concrete data depicting the national prevalence of the protozoan intestinal parasites (E. histolytica and G. lamblia) in Ethiopia. 
Despite the high prevalence, there are several factors that made reporting of intestinal parasitic infections difficult. Of these, lack of accurate laboratory diagnostic method is a major one (Mahmood et al., 2014).In many developed countries, the use of molecular techniques having high sensitivity and specificity as a routine diagnosis replaced wet mount (Lauren et al., 2014). However, in resource-constrained countries like Ethiopia, it is not used for routine laboratory diagnostic purpose because of its high cost, lack of standard laboratory facilities and shortage of trained laboratory professionals on molecular techniques(Tanowitz, 2009).
A direct wet mount method is not sufficiently sensitive for diagnosis of intestinal parasitic infection. Especially for diagnosis of S. stercoralis because the larval output of this parasite in the stool is much lower than the egg of other intestinal helminths (Afzal et al., 2001).As a result, the use of more than one diagnostic tests or a combination of two or more tests are essential to increase the sensitivity and specificity of detection of intestinal parasitic infections. Thus, Wet mount, Baermann, modified Baermann, and Ritchie’s methods are used in different countries based on their feasibility.
[bookmark: _Toc528354126]1.2 Laboratory diagnostic methods for intestinal parasitic infections
Wet mount method is the most commonly and routinely used method for diagnosis of intestinal parasitic infections in Ethiopia because of its feasibility (time saving, low cost) as compared to other techniques (Hailu and Abera, 2015; Yimer et al., 2015). However, it has limitations, such as, lack of sensitivity especially when the diagnosis relies on microscopic examination of single stool specimens (Hailu and Abera, 2015).
Most studies indicated that using Baermann method (BM) is recommended for identification of most intestinal nematodes larval forms, especially the larva of S. stercoralis and the Hookworm  larvae will also be found by this method (Buonfrate et al., 2015; Lacorcia et al., 2009 and Zajac et al., 2013).
Modified Baermanns Method (MB) has also a greater sensitivity to detect most intestinal parasites including larva of S.stercoralis (Afzal et al., 2001). It can be used routinely in developing countries like Ethiopia because it requires less costly materials, can be used it in the absence of a centrifuge, and not time consuming and not cumbersome as compare to BM (Gallardo et al., 2011; Tello et al., 2012). 
Finally, the sedimentation concentration laboratory method in diagnosis of a wide range of intestinal parasites is Ritchie’s method. This method is used for detecting intestinal nematode eggs that are not detected by wet mount preparation (Joyce et al., 2010). This method is also better to concentrate intestinal helminths eggs and intestinal protozoan cyst in fecal samples present in small numbers (Endris et al., 2012; Amer et al., 2016).
Therefore, diagnosing intestinal parasites with tests having better sensitivity and specificity is essential for prevention and control of intestinal parasites and for better management and treatment of the disease caused them by increasing the detection rate.

[bookmark: _Toc528354127][bookmark: _Toc520764634]1.3 Statement of the problem
According to many studies done in Ethiopia, the burden of intestinal parasite is high. Despite this, we still use only direct wet mount method having low sensitivity for diagnosis of intestinal parasites (Endris et al., 2012). Its use as a confirmatory test will significantly increase false negative result. As a result, it affects the true prevalence of the intestinal parasites (Yimer et al., 2015).So, in addition to wet mount method, other methods having better sensitivities like: Baermann, Modified Baermann and/or Ritchie’s methods should be used to increase the detection rate of intestinal parasites especially in areas where their prevalence is low (Buonfrate et al., 2015). Hence, evaluation of laboratory diagnostic methods for intestinal parasites is mandatory to obtain a better laboratory finding.
[bookmark: _Toc520764635]












[bookmark: _Toc528354128]2. Literature Review
Intestinal parasitic infections are among the most common infections worldwide and children are the most infected ones (Endris et al., 2012).
A study conducted in Iraq, for the diagnosis of intestinal parasites showed that, the prevalence of the intestinal parasitic infections were 55.6% of which the most common parasite was E. histolytica 60.22%. In this study, children less than 5 years of age had the highest prevalence of the parasitic infections 81.25 % (Amin and Ali, 2015).
A study conducted in Bahir Dar Ethiopia, for the diagnosis of intestinal parasites showed that ,prevalence of intestinal parasites among students were65.5%of which the most common parasite was E. histolytica/dispar 24.5% followed by Hookworm 22.8% (Hailegebriel et al., 2017).
[bookmark: _Toc528354129]Moreover, Workneh et al. in East Gojjam Zone showed that the overall prevalence of intestinal parasite was (84.3%). The most prevalent parasites were H.worm spp (71.2%), followed by E. histolytica /dispar 36 (6.7%) and S. stercoralis 13(2.4%), respectively (Workneh et al., 2014)
2.1. Wet mount
The laboratory diagnosis of intestinal parasitic infection is problematic (Ana et al., 2013; Buonfrate et al., 2015). This is because different techniques showed variable efficiency in the detection of intestinal parasites in the stool (Pakdad et al., 2017). This is probably due to lack of accurate diagnostic method (Mahmood et al., 2014; Buonfrate et al., 2015).
A study done in America, Texas in patients receiving long-term corticosteroid therapy showed that results of a single stool examination by use of wet mount preparation fail to detect larvae of S.stercoralis in up to 70% of cases (Ericsson et al., 2001).
A comparative study was conducted in Nigeria, on wet mount and Ritchie’s methods indicated that, of 103 samples examined for intestinal parasites, the prevalence of 34.74% and 65.26%  were recorded using Wet mount and Ritchie’s methods, respectively (Oguoma V and Kwunife E 2006).
A study conducted in North West Ethiopia, the overall prevalence of intestinal parasite was 38.4% by wet mount and 57.1% by FECT having the same principle with that of Ritchie’s methods. This study indicates that employment of Ritchie’s technique as a confirmatory test in routine laboratory is significantly aid to increase the accurate detection and management of intestinal parasites in the community (Gelaw et al., 2013)
A study done by Mengistu et al., 2013 showed that the prevalence of intestinal parasites  by wet mount was 38.4% and 57.1% by FEC This study indicates that employment of FEC technique as a confirmatory test in routine laboratory is significantly aid to increase the accurate detection and management of intestinal parasites in the community 
A study conducted by Hailu and Abera in 2015 from a total of 778 samples, the overall prevalence of intestinal parasitosis was high (55.1%) using FEC method and High detection rate of helminthes (51%) by FEC method and of protozoa (10.2%) by wet mount method was found. The overall prevalence of intestinal parasitosis in this method was 59.8%. FEC had the highest sensitivity and NPV in the detection of intestine parasitosis and S. mansoni and geohelminths than direct wet mount method (Hailu and Abera, 2015).
[bookmark: _Toc528354130]2.2. Baermann method
A study done in Costarica on comparison of BM, MB and Wet mount methods for diagnosis of strongyloidiasis showed that, from a total of 106 stool samples, 6 were positive for S.stercoralis and the rest were negative by the two versions of the Baermann methods. Only in two samples the larva were observed using direct microscopic observation of fecal smears (Hernandez and Avendano, 2001).To minimize the frequently occurring under diagnosis of intestinal parasites including S. stercoralis infection BM can be modified (Hernandez et al., 2001; Buonfrate  et al., 2015). 
[bookmark: _Toc528354131]2.3. Modified Baermann method
A study done by Tello and his colleagues in 2012 showed that, The MB method is used to get a greater sensitivity to detect most medically important intestinal parasites and to use routinely specially for developing countries like Ethiopia because it requires less costly materials. Besides, we can use it in the absence of a centrifuge, and it is not time consuming as compare to BM (Maria et al., 2011; Tello et al., 2012).This method required less costly materials even we can use in the absence of a centrifuge and it is not time consuming as compare to BM (Maria et al., 2011; Tello et al., 2012).

A study done in Peru reported that, MB showed higher prevalence of intestinal parasite rates than the direct wet mount test for all detected parasites, as follows: A. lumbricoides (35% vs. 19%), T. trichiura (22% vs. 6%), Hook worm spp (7% vs. 3%), H. nana (7% vs. 4%), and E. vermicularis (1.5% vs. 0.1%) S. stercoralis (7% vs. 3%), (6% vs. 3%) G. lamblia (7% vs. 4%) and E. histolytica/ dispar (1% vs. 0.5%) (Tello et al., 2011)
Maria and his colleagues in 2011conducted to describe the prevalence of intestinal parasites in Peru, using Wet mount method and MB methods. The most common helminths found were Hookworm spp 47.1% and S. stercoralis 12% by using MB and 28.8% and 0% by using direct wet mount methods (Gallardo et al., 2011)
[bookmark: _Toc528354132]2.4. Ritchie’s method
Another sedimentation concentration method used to diagnose a wide range of intestinal parasites is Ritchie’s method. This method will recover most ova, cysts, and larvae by retain their morphology that is not detected by wet smear preparation (Joyce et al., 2010). In this method there is less risk of infection from bacteria and viruses because they may not be able to survive in the concentration process and have additional advantage by allowing for transportation and storage after faeces are preserved in formalin (Oguoma and Kwunife 2006).
This method is also better to concentrate parasite present in small number especially helminths eggs and protozoan cyst in fresh fecal samples that can be missed by using direct wet mount (Endris et al., 2012; omer et al., 2016). It also decreases the chemical effect of the formaldehyde and ether that have toxicological effects on the environment and laboratory professionals (Regis et al., 2012)
A study conducted in Rio de Janeiro Brazil, for comparing the efficiency of fecal parasitological techniques, Balantidium coli (B. coli) cyst diagnosed most frequently through direct wet mount method 22.4% than Ritchie method 20.5% (Barbosa et al., 2016).
Even though, there is no available study conducted in Ethiopia based on the comparison of Modified Ritchie’s methods and wet mount but studies conducted in North West Ethiopia on the sensitivity and specificity of FEC (that have the same principle to modified Richie’s method) indicates that the sensitivity and specificity of FEC is 78.3% and 63.2% and direct wet mount preparation is 52.7% and 44% respectively. 
Another study done in North West Ethiopia showed that, the sensitivity and specificity of wet mount and FEC for the diagnosis of medically important intestinal parasites was the sensitivity of wet mount 48.9% and 63.1% for by FEC method. This study also recommends that to confirm the wet mount method by FEC is more preferable technique (Yimer et al., 2015). 
















[bookmark: _Toc528354133]3. Significant of the study
Lack of laboratory diagnostic methods having a better sensitivity and specificity for intestinal parasites impairs appropriate patient management and accurate epidemiological data and thus limiting the disease control measure. Hence, evaluating the performances of diagnostic tests for intestinal parasites is essential to increase the detection rate of intestinal parasites and for health professionals to use highly sensitive methods for specific parasites. Moreover, for policy makers used to set proper diagnosis guide line and for researchers used as a Base line data for future studies.












[bookmark: _Toc528354134]4. Objectives of the study
[bookmark: _Toc528354135]4.1 General objective
To evaluate the performance of diagnostic methods against “Gold standard” for laboratory diagnosis of intestinal parasites among school children at Meshenti and Gedro elementary schools
[bookmark: _Toc528354136]4.2 Specific objectives
To determine the magnitude of intestinal parasites among school children at Meshenti and Gedro elementary schools
To determine the performance of wet mount method against the “Gold standard”
To determine the performance of Baermann method against the “Gold standard”
To determine the performance of Modified Baermann method against the “Gold standard”
To determine the performance of Ritchie’s method against the “Gold standard”









[bookmark: _Toc528354137]5. Material and Methods
[bookmark: _Toc528354138]5.1 Study area and design
A school based cross-sectional study was conducted on school children at Meshenti and Gedro elementary schools in rural Bahir Dar, from March to June, 2018. Bahir Dar is a capital city of Amhara Region state lying at an altitude of 1,900 m above sea level, 1419 mm annual rainfall and average annual temperature of 19.6°C. Based on the 2007 Census conducted by the central statistical agency of Ethiopia (CSA), Bahir Dar Special Zone has a total population of 221,991, of whom 108,456 are men and 113,535 women and 81.16% are urban inhabitants.
[bookmark: _Toc528354139]5.2 Population
[bookmark: _Toc528354140]5.2.1 Source population
All students who were attending their school at rural Bahir Dar elementary schools in 2017/2018 academic year
[bookmark: _Toc528354141]5.2.2 Study population
[bookmark: _Toc520764647]Number of school children attending at Meshenti and Gedro elementary schools enrolled in 2017/2018 academic year
[bookmark: _Toc528354142]5.2.3 Study participants
The school children who were selected randomly and volunteered to participate in the study2017/2018 academic year
[bookmark: _Toc528354143]5.3 Sample size determination and sampling technique
[bookmark: _Toc528354144]5.3.1 Sample size determination
To determine the sample size of diagnostic test studies, we used Buderer’s formula to evaluate different diagnostic methods by using sensitivity and specificity. Since, there is no previous study done in the study area, 50% prevalence, 95% CI and 5% marginal error were used to calculate the sample size as follows.
n =* SN *1- SN /*P +* Sp *1- Sp /*P
Where n= sample size
=1.96 the standard normal variation at 95% confidence interval
P=50%=0.5, since there is no data that indicates the performance evaluation of this all methods.
 d=marginal error =0.05
SN = anticipated sensitivity
   +   
n =190, It was 211 by adding 10% non-respondent rate
[bookmark: _Toc528354145]5.3.2. Study area selection
In Ethiopia Wet mount method, having low sensitivity is used for a routine laboratory diagnosis of intestinal parasites. Hence, evaluation of laboratory diagnostic methods for intestinal parasites is mandatory for accurate laboratory results. For this purpose, of the 16 elementary schools at the rural areas of Bahir Dar, two schools (Meshenti located 15km and comprised 1829 students, and Gedro located 7km, having 816 students) were selected. Because according to WHO report, the prevalence of intestinal parasites among school children can represent its prevalence among the community level. Meshenti and Gedro are rural areas with endemic intestinal parasitic infections (Amor et al., 2016). This high prevalence in Meshenti and Gedro used to evaluate the performance of Wet mount, BM, MB, Ritchie’s methods.





[bookmark: _Toc528354146][bookmark: _Toc505442078][bookmark: _Toc505442410]5.3.3. Sampling Technique
The students were first stratified according to their school (Meshenti and Gedro) and educational level (Grade 1 to 8). Then, sample size was proportionally allocated for each class and grade, taking the total number of students in each category in to consideration. Class roster were used as a sampling frame and a systematic random technique was employed to select study participants. 
[bookmark: _Toc528354147]5.4 Inclusion and Exclusion criteria
[bookmark: _Toc528354148]5.4.1 Inclusion criteria
[bookmark: _Toc505078634][bookmark: _Toc505081628][bookmark: _Toc505442413][bookmark: _Toc520764654]All apparently healthy school children who were enrolled in Meshenti and Gedro elementary schools and volunteer to participate in the study during the study period were included.
[bookmark: _Toc528354149]5.4.2 Exclusion criteria
[bookmark: _Toc505078636][bookmark: _Toc505081630][bookmark: _Toc505442415][bookmark: _Toc520764656]Those students who took anti-intestinal parasitic drugs or taking for the past two weeks during the data collection were excluded from the study
[bookmark: _Toc528354150]5.5 Variables
[bookmark: _Toc505078640][bookmark: _Toc528354151]5.5.1 Dependent variables
Intestinal parasite infections
Performance of diagnostic tests (Sensitivity, specificity, PPV and NPV of diagnostic tests)
[bookmark: _Toc505078638][bookmark: _Toc528354152]5.5.2 Independent variables
Age of school children and sex of children
[bookmark: _Toc528354153]5.6 Data collection and laboratory methods
A total of 211 study participants were selected from Meshenti and Gedro primary schools. During the study period, all study participants were informed about the purpose of the study. Single stool sample about 20-22gmwas collected from each study participants by clean stool cup, and processed by Wet mount, Baermann, Modified Baermann, and Ritchie’s methods. Each method was evaluated against the “Gold standard” (the combined results of the four methods altogether based on bayesian rule) (Dendukuri et al., 2004). The wet mount preparation and examination was performed as soon as the stool arrives in the laboratory and other techniques were processed depending on the test protocol and labeling of slides were done with the student ID number. 
[bookmark: _Toc528354154]5.6.1 Stool sample collection, transportation and processing
[bookmark: _Toc504377495][bookmark: _Toc504377762][bookmark: _Toc505078641][bookmark: _Toc505081638][bookmark: _Toc520764662][bookmark: _Toc504377496][bookmark: _Toc504377763][bookmark: _Toc504377497]Each of the study participants was informed on how to collect the stool specimen. They were informed to provide fresh stool specimen for the detection of intestinal parasites. After collection, the samples were transported to Bahir Dar University Microbiology, immunology and Parasitology laboratory for detection of intestinal parasites. Laboratory evaluation was performed using wet mount, Baermann, Modified Baermann and Ritchie’s methods as soon as the stool arrives in the laboratory.
[bookmark: _Toc528354155]5.6.2 Procedures for laboratory diagnostic methods of intestinal parasites
Wet Mount method: - In the Wet mount, fresh stool samples (approximately 2 mg of stool) were put on a slide with wooden applicator, emulsified with a drop of physiological saline (0.85 %) for diarrheic and semi-solid samples. For formed stools iodine was used. Then, covered with cover slide and examined under microscope using first 10 × objectives and then 40 × objectives
Baermann method: - This test was performed by mixing approximately15g of stool sample with powdered charcoal and incubating for 24 hrs. Then, the incubated stool was turned to the strainer and the strainer containing the stool suspended in the warm water in the funnel and leaves the sample to stand for 1hrs. Then, collect the water in to the glass jar then turned to conical tube and centrifuge at 2000 rpm for 5min and finally removes the supernatant and examined the sediment by 10 × and 40 × objectives (Zajac et al., 2013).
Modified Baermann method: - The test was performed by 2-5g of fresh stools homogenized in 10 ml of saline solution and filtered through surgical gauze into a 50 ml plastic tube, which is then filled with more saline solution, plugged, and shaken vigorously. Then the tube is left to stand for 45 min, after which the supernatant is removed and a sample is taken from the bottom and put on a slide for microscopy (Buonfrate et al., 2015).
[bookmark: _Toc504575367]Ritchie’s Method: - In this method, 0.5g fresh stool sample was added in the sample collected tube containing 2.5ml of formalin and 1ml of ethyl acetate and mix the sample well and then the homogenized sample was turnover in to the spin tube and centrifuge at 1000 rpm for 3 min. Finally, discard the sample collection tube and the supernatant step by step and then mix the sediment and put in the microscope slide for examination (Silva et al., 2012)
[bookmark: _Toc528354156]5.7 Quality Control
[bookmark: _Toc504575368]The reliability of the study findings was assured by implementing quality control measures during the whole process of the laboratory. Finally from all of the slides, 15% were randomly selected and re-examined at the end by experienced laboratory technologist who was blind for the first examination result. In cases where the results were discordant, a third expert reader was used. The results of the third expert reader were considered as the final result.
[bookmark: _Toc528354157]5.8 Data analysis
All data was registered in laboratory logbook during the study period which had been entered in to epidemiological information statistical software (Epi Info) and transferred to statistical package for social sciences (SPSS) statistical software version 20 for analysis. Since, there is no “Gold” standard method to detect intestinal parasites; the operational characteristics of diagnostic tests were estimated using the combined results of methods altogether and the sensitivity, specificity, positive predictive value (PPV), negative predictive values (NPV)at 95% CI and Kappa value of each technique were calculated against the “Gold standard” and by using medical calculator (Med-cal)
[bookmark: _Toc528354158]5.9Ethical considerations
Ethical clearance was obtained from Bahir Dar University College of Medicine and Health Science ethical review committee prior to the commencement of the study. Supportive letter was obtained from Amhara Regional Health Bureau, Woreda Education Office and Meshenti and Gedro primary schools director office. Written informed consent was also obtained from every study participants, parents or guardians. The laboratory results from the study participant were referred to Meshenti health center for Meshenti and zenzelima heath center for Gedro.
[bookmark: _Toc528354159]6. Results		
[bookmark: _Toc520764669]A total of 211 school children participated in the study and from these, 48.8%were males and 51.2% were females having age range from 6-16 years with mean age of 11.49years (Table1)
Table 1. Socio- demographic characteristics of the study participants at Meshenti and Gedro elementary schools from March to June2018
	Variables	
	   Frequency (n=211)
	Relative frequency (%)

	Age in year
6-10	
11-14
>14  
Total 
	

	
	                   92
	43.6

	
	94
25
211
	44.6
11.8
100

	Sex 
Males    Females
Total
	
	

	
	105
106
211
	49.8
50.2
100

	Student Grade  1-4
5-8    
Total
	
	

	
	119
92
211
	56.4
43.6
100


[bookmark: _Toc528354160]6.1Prevalence of intestinal parasites for each diagnostic method
Of the 211 study participants diagnosed, 60.2% were found to be positive by the “Gold standard” method. The prevalence of intestinal parasites using wet mount, BM, MB and Ritchie’s methods were 29.9%,25.6%, 48.3% and40.8%, respectively (Table2)



Table.2 Prevalence of intestinal parasites in each diagnostic method at Meshenti and Gedro elementary schools from March to June 2018
	
	Results

	Methods
	No. examined
	Positive
N (%)
	No ova/ parasite          N (%)
	Total (%)
  N (%)

	Wet mount
	211
	63 (29.9%)
	148(70.1%)
	211(100%)

	Baermann
	211
	54 (25.6%)
	157(74.4%)
	211(100%)

	Modified Baermann
	211
	102(48.3%)
	109(51.7%)
	211(100%)

	 Ritchie’s 
	211
	86 (40.8%)
	125(59.2%)
	211(100%)

	All methods
	211
	127(60.2%)
	84(39.8%)
	211(100%)


[bookmark: _Toc528354161]6.2Performance of wet mount method against the “Gold standard”
The sensitivity, specificity, NPV, and PPV of wet mount were 49.6%, 100%, 56.8%, and 100% respectively. Agreements of the test with the “Gold standard” for diagnosis of intestinal parasites was moderate (good) (k = 0.44)
Table.3The performance of wet mount method against the “Gold standard” at Meshenti and Gedro elementary schools from March to June 2018
	
	         “Gold standard” method

	Wet mount
	
	Positive
	Negative
	Total
	Sensitivity
at (95%CI)
	Specificity at(95%CI) 
	NPV
at(95%CI)
	    PPV     at(95%CI)
	Kappa value

	
	Positive
	63 (49.6%)
	0(0%)
	63(29.9%)
	
	
	
	
	

	
	Negative
	64 (50.4%)
	84(100%)
	148(70.1%)
	49.6%[58.8-75.7%]
	100%[95.7-100%]
	56.8%[61.4-72.5%]
	   100%
	     0.44

	
	Total
	127(100%)
	84(100%)
	211(100%)
	
	
	
	
	


[bookmark: _Toc528354162]6.3 Performance of Baermann method against the “Gold standard”
The sensitivity, specificity, NPV, and PPV of Baermann method were 42.5%, 100%, 53.5%, and 100% respectively. Agreements of the test with the “Gold standard” for diagnosis of intestinal parasites was poor (k = 0.046).


Table.4 The performance of Baermann method against the “Gold standard” at Meshenti and Gedro elementary schools from March to June 2018
	
	 “Gold standard” method

	
Baermann

	
	Positive
	Negative
	Total
	Sensitivity
at (95%CI)
	Specificity at(95%CI) 
	NPV
at(95%CI)
	PPV at(95%CI)
	Kappa value

	
	Positive
	54(42.5%)
	0(0%)
	102(48.3%)
	
	
	
	
	

	
	Negative
	73(57.5%)
	84(100%)
	109(51.7%)
	42.5%[33.8-51.6%]
	100%[95.7-100%]
	53.5%[49.7-57.2%]
	100%
	0.046

	
	Total
	127(100%)
	84(100%)
	211(100%)
	
	
	
	
	



[bookmark: _Toc528354163]6.4 Performance of Modified Baermann method against the “Gold standard”
The sensitivity, specificity, NPV, and PPV of Modified Baermann was 80.3%, 100%, 77.1%, and 100%, respectively. Agreements of the test with the “Gold standard” for diagnosis of intestinal parasites was very good (k = 0.77).
Table.5 The performance of MB against the “Gold standard” method at Meshenti and Gedro elementary schools from March to June 2018
	
	         “Gold standard” method

	Modified
Baermann

	
	Positive
	Negative
	Total
	Sensitivity
at (95%CI)
	Specificity at(95%CI) 
	NPV
at(95%CI)
	PPV at(95%CI)
	Kappa value

	
	Positive
	102(80.3%)
	0(0%)
	102(48.3%)
	
	
	
	
	

	
	Negative
	25(19.7%)
	84(100%)
	109(51.7%)
	80.3%[72.3-86.8%]
	100%[95.7-100%]
	77.1%[70.3-82.7%]
	100%
	0.77

	
	Total
	127(100%)
	84(100%)
	211(100%)
	
	
	
	
	



[bookmark: _Toc528354164]6.5Performance of Ritchie’s method against the “Gold standard”
The sensitivity, specificity, NPV and PPV of Ritchie’s method was 67.7%, 100%, 67.2%, and100%, respectively. Agreements of the test with the “Gold standard” for diagnosis of intestinal parasites was very good (k = 0.63)


Table.6 The performance of Ritchie’s method against the “Gold standard” method at Meshenti and Gedro elementary schools from March to June 2018
	
	         “Gold standard” method

	Ritchie’s
	
	Positive
	Negative
	Total
	Sensitivity
at (95%CI)
	Specificity at(95%CI) 
	NPV
at(95%CI)
	PPV at(95%CI)
	Kappa value

	
	Positive
	86(67.7%)
	0(0%)
	86(67.7%)
	
	
	
	
	

	
	Negative
	41(32.3%)
	84(100%)
	41(32.3%)
	67.7%[58.8-75.7%]
	100%[95.7-100%]
	68.8%[61.4-72.5%]
	100%
	0.63

	
	Total
	127(100%)
	84(100%)
	211(100%)
	
	
	
	
	



6.6 Performances of Wet mount BM, MB and Ritchie’s methods by parasite type
Seven species of intestinal parasites were identified in this study. Form intestinal protozoa parasites most prevalent parasites were G. lamblia 18 (8.5%) and E. histolytica/dispar 11 (5.2%) using Wet mount Method. From intestinal helminthes H. worm spp were the most prevalent 50(23.7%) using Ritchie’s Method.
Table.7 Performance of Wet mount, BM, MB, and Ritchie’s methods by parasite type
	
	Protozoan parasites
	Helminths parasites

	Methods
	E.histolytica/dispar 
N (%)
	G.lamblia
N (%)
	A.lumbricoides
N (%)
	H.worm
Spp N (%)
	S.stercoralis
N (%)
	S.mansoni 
N (%)
	E.vermicularis
N (%)
	Mixed
N (%)
	Total
N (%)

	Wet mount
	11(5.2%)
	18(8.5%)
	7(3.3%)
	18(8.5)
	4(1.9%)
	2(0.9%)
	2(0.9%)
	1(0.5%)
	63(29.9%)

	BM
	0(0%)
	0(0%)
	5(2.4%)
	17(8.1%)
	29(13.7%)
	1(0.5%)
	0(0%)
	2(0.9%)
	54(25.6%)

	MB
	5(%)
	12(5.7%)
	7(3.3%0
	37(17.5%)
	18(8.5%)
	3(1.4%)
	2(0.9%)
	18(8.5%)
	102(48.3%)

	Richie’s
	0(0%)
	0(0%)
	12(5.7%)
	50(23.7%)
	5(2.4%)
	4(1.9%)
	5(2.4%)
	10(4.7%)
	86(40.8%)







[bookmark: _Toc528354165]6. Discussion
In this study, the overall prevalence of 60.2%was reported. This is comparable with 68.4 % from western Amhara, (Andualem et al., 2014) and 65.5% in Bahir Dar Ethiopia (Hailegebriel et al., 2017).However, our finding was lower than a study in Delgi North West Ethiopia 79.8%(Ayalew et al., 2011), and East Gojjam Zone83.4%(Workneh et al.,2014) and higher than 35.44% in Benishangul-Gumuz, Western Ethiopia (Gebretsadik et al., 2016) and 59.8% in Bahir Dar, Ethiopia (Hailu and Abera, 2015). This difference might be, due to the geographical difference, the living and the socio economic nature of the study subjects or might be associated with difference in parasitological methods.
The finding of the present study showed that a wide variety of parasites were detected by the MB method. In comparison to parasite recovery, results conﬁrmed that MB 48.3% had a higher detection rate than Wet mount 29.9%, BM 25.6%, and Ritchie’s 40.8% methods. This result agrees with the previous study done in Peru (Tello et al., 2011; Gallardo et al., 2011).
Wet mount method exhibited very low sensitivity for the detection of intestinal helminths than intestinal protozoa parasites. This was in agreement with a study done in Bahir Dar (Hailu and Abera, 2015).Small amount of fecal material used in this technique might be the reason for lower detection capacity of the method.
From intestinal protozoa parasites, the most prevalent parasites were G. lamblia 18 (8.5%) followed by E. histolytica/dispar 11 (5.2%) using wet mount method This was comparable with a previse study done in Peru 29% for G. intestinalis 16% for E. histolytica/E. dispar(Jorge et al., 2012)
Wet mount method exhibited lowest sensitivity 49.6%and NPV 56.76%as compared to MB, with a sensitivity of 80.3% and NPV 77.1% and Ritchie’s method with a sensitivity 67.7%and NPV 68.8% for the detection intestinal parasites. This suggested that the use of wet mount method for diagnosis of intestinal parasites is insufficient and the use of another diagnosing method is mandatory to decrease misdiagnosis.


In this study, the sensitivity and NPV of BM were 42.5 % and 53.5%, respectively. But its sensitivity for detection of S.stercoralis was 13.7%.This method is best compared with MB 8.5%, wet mount 1.9% and Ritchie’s 2.4% methods. Similar previous study showed BM is better method for detection of S.stercoralis (Hernandez et al., 2001).
The detection rate of S.stercoralis is high by using BM, but the overall detection of this parasite is low with the other methods. This might be because of the larval output of S. stercoralis in stools is much lower than that of the eggs of other intestinal parasites. So, the use of the BM as a confirmatory test for S. stercoralis reduced the morbidity and mortality caused by this parasite.
In this study, 48.3% of the intestinal parasites were detected by the MB method with a sensitivity of 80.3%and NPV 77.1%. This method is promising to use it as a routine laboratory diagnosis method for intestinal parasites. Moreover, MB requires less costly materials even we can use in the absence of centrifuge. However, lack of previous similar studies made difficulty in making rigorous discussion on this finding.
Ritchie’s method detected 23.7% of Hook worm spp followed by A. lumbricoides 5.7%.This is in agreement with other studies done previously (Amin and Ali, 2015;Oguoma and Kwunife 2006).But this study disagrees with a study done in Rio de Janeiro Brazil. This may be due tothe difference size of the cover slips measurement ( 24 × 32 mm) than those used in routine laboratory analysis (22 × 22 mm) (Barbosaet al., 2016).
Based on parasite recovery, our results confirmed that Ritchie’s method 40.8% is higher than the direct wet mount method 29.9%.This result was in agreement with other studies done previously (Oguoma V and Kwunife E 2006; Moges et al., 2010; Amin and Ali, 2015).Furthermore, the sensitivity and NPV of Ritchie’s method, 67.7% and 67.2% was higher than wet mount 49.6% and 56.8% method. However, since there is no study done before no rigorous discussion on this. 
Despite this, wet mount method is widely used as a routine means of diagnosis in Ethiopia. On the contrary, this study finding showed that, its sensitivity was lowest, and this lead to inaccurate results. Therefore; the use of other tests having high sensitive methods like the BM, MB, and Ritchie’s methods are used for diagnosis of intestinal parasites for improving the accuracy of both laboratory, and clinical diagnosis.
[bookmark: _Toc528354166]7. Conclusions
Based on these findings, MB showed a better sensitivity than the direct wet mount, BM, and Ritchie’s methods. However, BM is the best for diagnosis of S.stercoralis, Wet mount method is best for diagnosis of intestinal protozoan parasites and Ritchie’s method is better for diagnosis of most intestinal helminths.
[bookmark: _Toc528354167]8.  Recommendations
Even if, this study is the only study done so far, health facilities should be aware of regarding the diagnostic tests of intestinal parasites used currently at health facilities. Therefore, we can use the specific methods for specific parasites for better determination and management of intestinal parasitic infections. Hence, MB is preferable and feasible to use for routine diagnosis of intestinal parasitic infection followed by Ritchie’s method in low incoming countries like Ethiopia.
[bookmark: _Toc528354168]9. Limitation of the study
The limitation of this study was that all the combined results of the four methods are highly influenced by parasite prevalence. Thus, the same method will have different values in different areas of prevalence.
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Information sheet 
Title of the Research project: - Performance evaluation of laboratory diagnostic methods for intestinal parasites among school children at rural Bahir Dar, Northwest Ethiopia 
Principal investigator: -Birtukan Bayayibign
Address: - Bahir Dar University College of Medicine and Health Sciences Department of Medical Laboratory  
 Mobile phone: -      +251918706775 
E-mail: birtukanbay@gmail.com                
1. Purpose of the Research Project: the purpose of this study is to evaluate the performance of methods for diagnosis of intestinal parasitosis (sensitivity and specificity), and findings of the study will be helpful to laboratory technicians and researchers to introduce alternative method for diagnosis of intestinal parasites in laboratories in addition to wet mount preparation. Also in line with the findings, it will open a way for more researches which aim at improving the patient’s diagnosis as a base line data for future studies.
2. Procedure: - performance evaluation of wet mount, Baermann, Modified Baermann and Ritchie’s methods for diagnosis of intestinal parasites will be done.
3. Risk associated with the study: You will not be at any physical or psychological risk and no damage resulting from the research procedures simply you will give stool sample.
4. Benefits of the study:  Based on the diagnosis result you will be treated accordingly. Moreover, this study will have a great value on preventive measures in hospitals and in the community. The results of this study have importance to treat the patients and to use as a baseline for effective treatment in the absences of laboratory investigation for empirical treatment of infections.
5. Compensation for participation:  You will not receive any payment for your participation in this research study.
6. Confidentiality of your information- All information gathered from the study participant will remain confidential. Your participation in this study is strictly anonymous. Personal information will be treated confidentially and under no circumstances will it be transmitted to any person or organization. The results of this study will be evaluated and summarized, and a feedback of the results to the study participants will be given by principal investigator.
7. Right to Refusal or Withdraw:  Your participation in the study is absolutely voluntary; you have full right to refuse from participating in this research. You can refuse to give sample and not to respond any or all the questionnaires and this will not affect you on using any kind of services from the hospital.
8. Person to Contacts:  This research project will be reviewed and approved by Ethical review committee Bahir Dar University of college of health science department of medical laboratory sciences, Bahir Dar. If you want to know more information, you can contact and you may ask at any time. With this address
birtukanbay@gimail.com
Mobile phone: - +251918706775












[bookmark: _Toc505442443]የጥናቱ ማ ብራሪያ
[bookmark: _Toc528354175]AnnexII Information sheet Amharic Version
የጥ ናቱ ርእስ፡ በባህር ዳር ዙሪያ ልዩ ዞን የመ ጀመ ሪያ  ደረጃ ት/ቤ ቶች  በሚ  ማ ሩ  ተማ ሪዎ ች ላይ የሆ ድት ላትልያ ለው ንመጠ ንና ለሆ ድ  ትላትል ም ርመ ራ  የሚ ያገለግሉ  የላቦራቶሪ  የመ መ ሪያ መ ንገዶች ያላቸው ን የመ  መ ርመ ር ብቃት መ ለካት ነው ::
ጥናቱ ን የሚ  ያካሂደዉ  ሰው   ስም  ፡- ብ ርቱካን  ባያይብኝ
የተ ቋ ሙ     ስ ም   ፡ ባህር ዳር ዩኒቨርስቲ
የጥ ናቱ አላማ፡ በመ ሸንቲ እና ገድ ሮ የመ ጀመ ሪያ ደረጃ ት/ቤቶች በሚ ማ ሩ ተማ ሪዎ ች ላይ ለሆ ድ ት ላትል ም ርመ ራ የሚ ያገለግሉ የላቦራቶሪ የመ መ ሪ ያመ ንገዶች እነሱም ዌ ትማ ው  ንት፣ በርማ ን፣ ሞ ዲፋድ በርማ ን ኤንድ ሪች ስት መ  ንገዶች ያላቸ ው ን የመ መ ርመ ር ብቃ ት ስለመ ለካት  ነው  ፡፡
· ጥ ናቱ ም ንም  ጉዳት የለው ም : :
· የጥ ናቱ ዋና ጥ ቅሙ   ለሆ ድ ትላትል ም ርመ ራ የም ንጠ ቀ ም ባቸው ን የላቦራቶሪ የመ መ ርመ ሪያ መ ንገዶች ብቃት ማ ወቅ በልጆች ላይ የሆ ድ ትላትል ከተኘባቸ ው ለህክም ና ተቋማ ት ማ ሳዋቅ  እና ህክም ና እንዲያገኙ ማ ድረግ ነው  ፡፡
· ጥ ናቱ ላይ የተሳተፉ ል ጆ ች ከሌ ሎ ች  የተለየ ክፍያ አልነበራቸዉ ም  ፡፡
· ከጥ ናቱ የሚ  ገኝ ማ ንኛዉ ም  መ ረጃ ሚ  ስጥ ሩ የተጠ በቀ  ነው  ፡፡
· ጥ ናቱ በፈቃ ደኝት ላይ የተመ ሰረተ  ነው፡፡
ለማ ንኛዉ ም   ጥያቄ በሚ ከተለዉ  አድራሻ  ማ ገኘት  ይችላሉ ፡፡
ብ ርቱካን ባያይብኝ
ስልክ ቁጥር፡- 0918706775
ኢሜ  ል፡-birtukanbay@gmail.com




[bookmark: _Toc504575376][bookmark: _Toc505078651][bookmark: _Toc505081659][bookmark: _Toc505442444][bookmark: _Toc528354176]Annex III: Consent and Assent form

Serial No------------------Name of school---------------------- Date--------------

Information about the study has been explained to me by the investigator. I understand the objective of this study and also I have the chance to ask questions about the study and all questions have been answered to my understanding. I have been informed and have understood that my participation is entirely voluntary and that I can withdraw my consent at any time if I wish so. I consent voluntarily to participate in this study as a respondent. 
Respondent signature----------------------

Assent form for child
As a respondent, I have listened to the description of the study and I understand what the procedures are, and what will happen to me in the study. I have goat permission from my parent(s)/guardian(s) to participate in the study and I have agreed to participate in the study. I know that as I can stop the study at any time.

 ________________________________     _____________________
   Signature of Child                                                    Date
 ________________________________     _____________________
[bookmark: _Toc505442445][bookmark: _Toc471346015][bookmark: _Toc433731788][bookmark: _Toc456486646]  Signature Investigator                                                 Date
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የሰም ም ት  ቅጽ
እንደመ ላሽ፣ መ ረጃው ን አንብ ቤዋለሁ ፡፡ ስለዚህ ጥ ናት አላማ ተ ነግሮኛ ል ስለ ጥናቱ የም ፈልገ ው ን ጥያቄ መ ጠ የ ቅ እችላለሁ በተ ጨ ማ ሪ ም እኔ የም ሰጠ ዉ ሙ ሉ መ ረጃ ም ስጢ ሩ የተጠ በቀ መ ሆ ኑ ን ተ ነግሮኛል፡፡ በጥ ናቱ ላየ እያለሁ ማ ቆረጥ  ብ ፈልግ መ ብት እንዳለኝ፤ ይህም  በኔላይ  አንዳችም  ችግር  የሜ ያስከትለዉ  እንደሌለ ተነግሮኛል፡፡ጥ ያቄው ን በተገነዘብኩት መ  ል ኩ  መ መ  ለስ  እችላለሁ
 
ስለዚህ በተሰጠ ኝ መ ረጃ  መ  ሰረት  ሙ   ሉ   መ  ረጃ   ለመ ስጠ ት  ተስማ ም ቻ ለሁ፡፡
1.ተስማ  ም ቻ ለሁ ፣ ከተስማ ሙ    ለቃለ-መ  ጠ  ይ ቅ  ና ሰገራ ለመ ስጠ ት ይዘጋጁ
2. አልተስማ ማ  ሁ ም
ፊርማ……………..
የልጆች    ሰም ም  ነት   ቅጽ
እንደመ ለሽ፣ መ ረጃው ን ስምቻለሁ ስለዚህ ጥናት አላማ  ተነግሮኛል ከወላጆቸ /ከሳዳጊወቸ በጥናቱ ላየ እድሳተፍ ፍቃድ ተስቶኛል፣ በጥ ናቱ ላየ እያለሁ ማ ቆረጥ ብ ፈልግ መ ብት እንዳለኝ፤ ይህም  በኔ ላይ አንዳችም   የሜ ያስከት ለዉ  ችግር እንደሌለ ተነግሮኛል፡፡ መ ረጃ ለመ ስጠ ት ና ም ርመ ራ ለማ ድረግ ተስማ ም ቻለሁ  ፡፡

ለመ ስጠ ት  ተስማ ም ቻ ለሁ  ፡፡
1.ተስማ ምቻለሁ ፣ ከተስማ ሙ    ለ ቃለ-መ ጠ ይቅ ና ሰገራ ለመ ስጠ ት ይዘጋጁ
2. አልተስማ ማ ሁም
ፊርማ……………





[bookmark: _Toc505442446][bookmark: _Toc528354178]Annex III: Questionnaire
Bahir Dar University College of Medicine and Health sciences Department of Medical Laboratory
[bookmark: _Toc348454742]Title of the Research project: - Performance evaluation of laboratory diagnostic methods for intestinal parasites among school children at rural Bahir Dar, Northwest Ethiopia from March to June 2018.
Questionnaire:
Date -------------------- unique ID number-------------------- Name of school--------------------

Dear respondents, 
The main aim of this thesis is for the partial fulfillment of master of degree in medical Parasitology and vector control on performance evaluation of wet mount, Baermann, Modified Baermann and Ritchie’s methods for diagnosis of intestinal parasites in school children at Meshenti & Gedro elementary school. Please indicate your responses by ticking your preferred choice. Your concise and clear responses would facilitate smooth data analysis. All information provided will be treated as confidential.
1. Socio-demographic information
1.1. sex:   male ----------------   female----------------------
1.2. How old are you? ------------- 
1.3. Academic grade?  Grade 1-8
1.4. Use of anti- parasitic drug before 2 week
2. Laboratory result 
Microscopic stool examination result with each methods --------------------------
[bookmark: _Toc505442447][bookmark: _Toc504575378]





[bookmark: _Toc528354179]Annex IV Questionnaire Amharic version
ባህር  ዳር ዩኒቨርስቲ የህክም ና  እና ጤ ና ሳይንስ ኮሌ ጅ  የላቦራቶሪ ትም ህርት  ክፍል
የጥ ናቱ ርእስ፡-በባህር ዳር ዙሪያ ልዩ ዞን የመ ጀመ ሪያ ደረጃ ት/ቤቶች በሚ ማ ሩ ተማ ሪዎች ላይ የሆ ድ ትላትል ያለው ን መ ጠ ን ና ለሆ ድ ትላትል ም ርመ ራ የሚ ያገለግሉ  የላቦራቶሪ የመ መ ሪያ መ ንገዶች ያላቸው ን የመ መ ርመ ር ብቃት ስለ መ ለካት ነው ::
ሰላም፤
የዚህ ጥናት ዓላማ በከፊል የመ መ ረቂ ያ ዳሰሳ ጥ ናን ለማ ሙ ላት በባህር ዳር ዙሪያ ል ዩ ዞን የመ ጀመ ሪያ ደረጃ ት/ቤቶች በሚ ማ ሩ ተማ ሪዎች ላይ ለሆ ድ  ትላትል ም ርመ ራ  የሚ ያገለግሉ  የላቦራቶሪ የመ መ ሪያ መ ንገዶች  እሱም   ዌትማ ው ንት፣ በርማ ን፣ ሞ ዲ ፋድ  በርማ ን  ኤንድ  ሪችስት  መ ንገዶች ያላቸው ን የመ መ ርመ ር ብቃት ስለመ ለካት ሲሆን ለዚህ ጥናት ም ርጫ  በመ ም ረጥ ይተባበሩን ዘንድ በትህና እንጠ ይቃለን፡፡የሚ ሰጠ ዉ  ሙ  ሉ መ ረጃ ም ስጢ ሩ  የተጠ በቀ  ነው   ፡፡
1. ማ  ህበራዊ   መ ረጃ
1.1 ፆታ   ሀ) ወ ንድ    ለ) ሴት
1.2 የልጆች እድሜ   በዓመ ት? -----------------
1.3 የትም ህርት  ደረጃ  በክፍል?
1.4 መ ድሀኒት በ 2 ሳም ንት  ው ስጥ   ወ ስደዋል? ሀ) ወ ስጃለሁ   ለ) አልወ ስድኩም
2. የላቦራቶሪ  ው  ጤ  ት
                     2.1 የአይነ-ም ድ ር በአይን ሲ ታ ይ
                     2.2 የአይነ-ም ድር ላቦራቶሪ ው  ጤ  ት  በየአንዳንዱ  የም ርመ ራ  ዘዴ





[bookmark: _Toc505078652][bookmark: _Toc505081660][bookmark: _Toc505442448][bookmark: _Toc528354180]Annex V: Sample collection request form
1. Name of children …………     Age ……Sex ………Code number ……………………
2. Stool examination with wet mount result …………………………….
3. Stool examination with other methods result 
Other parasite identified ………………………
4. Other remarks ………………………………….






















[bookmark: _Toc505442449][bookmark: _Toc528354181]Annex VI Laboratory data collection method and procedures
A. Collection of stool specimen 
1. Give for children a plastic stool cup with a tight fitting lid.
2. Tell the children to pass the stool specimen directly in to the container. 
3. Amoebic trophozoites, will begin to disintegrate or change with a short time after passage so specimen should reach to laboratory within an hour of passage  
4. The container with specimen should be labeled clearly with the following information 
· Children name or number 
· Date of collection 
· Time in which child passed the stool 
5. The stool specimen must be 20g-22g for satisfactory examination.

A. For wet mount preparation
Fresh stool sample will be examined as much as possible. Faecal specimen should not be refrigerated, since parasites are susceptible to cold. Saline wet mount is used for the detection of trophozoites and cysts of protozoa, eggs and larvae of helminthes. It is particularly useful for detection of live motile trophozoites
Material and reagents used  
· Normal Saline (0.85% NaCl)
· Glass slides
· Cover slips
· Pipettes
· Gloves
· Microscope
· Lugol’s Iodine


Procedure for wet mount method
1. Apply approximately 2 mg of sample to a small area on a clean microscope slide. 
2. Remove any gross fibers and particles immediately.
3. Add 1 or 2 drops of saline with a pipette and Mix well. 
4. Cover the specimen with a cover slip.
5. Finally examined and identified under power of 10x and 40x objectives. High dry power examination should include at least one third of the cover-slip area (both saline and iodine).
B.  Baermann method
Fresh stool sample will be used. Faecal specimen should not be refrigerated, since parasites are susceptible to cold. The Baermann method is based on the active migration on movement of larvae from fresh stool samples. Faeces are suspended in the water; the larvae move in to the water; they sink to the bottom of the water, they will concentrate and can be collected for identification.

Materials and reagents used
· Petri dishes (50 mm diameters)        - Funnel
· Soft paper                                         - Rubber tube (35cm)
· Wood stick                                       - Mohr clamp
· Spatula                                              - Scales
· Powdered charcoal                           - Thermo-meter
· Centrifuge                                         - Lugol’s iodine
· Strainer                                             - Plastic pipettes
· Haemostatic clamp                           - Gloves
· Glass jar                                            - Glass slides
· Conical tubes (glass)                         -Microscope
· Funnel stand (a wooden plank in which holes been made to support several funnels)
· Waste containers                               - boiler (37°C)
· Autoclave                                          - Pencil
· Mark                                               - Stove (26°C)
Procedure for Baermann method
1. Mix the fresh facale sample with a small amount of water (1/3)
2. Place a double layer of a paper towel on a petri dish and wet it.
3. With a spatula, weight approximately 15g of stool sample, Mixed with powdered charcoal.
4. Place the faecal material in the center of the paper towel
5. Cover with a single layer of paper towel and close the Petri dishes.
6. Incubate for 24hr at 26°C)                                          
7. Adjust apiece of 35cm rubber tube to the stem of a funnel
8. Support the funnel in the funnel stand and close the rubber tube in the bottom with a Mohr clamp
9. Place a strainer over the funnel and turn the incubated petri dish over the strainer
10. Fill the funnel with warm water at 37°C   and be sure the faecal samples is completely covered
11. Leave the sample to stand for 1hr with a Haemostatic clamp, Lock the tube near to the stream of the funnel 
12. Then, in a conical tube, either leave to sediment for at least 30min or centrifuge at 2000rpm for 5 min.
13. Remove the supernatant with a paster pipette and finally mix the sediment, and a drop sample from the bottom of the samples to a glass slide. It is convenient to add 20% a drop of logo’s Iodine for examination of microscope at 10x and 40x objectives.   

C. Modified Baermann
Material and reagents used
· Pencil                        - 10 ml plastic tube                             
· Glass slides               - Lugol’s iodine            
· 50 ml plastic tube      - Marker                              
· Microscope                - Gloves
· Waste containers
Procedure for Modified Baermann method
1. Take 2-5 g of fresh stool sample in to 10ml of saline solution and mix well. 
2. Filter the homogenized stool through surgical gauze into a 50 ml plastic tube.
3. Then filled with more saline solution, plugged, and shaken vigorously. 
4. Then the tube is left to stand for 45 min.
5.  Finally, the supernatant is removed and a sample is taken from the bottom and put on a slide for microscopy. 

D. Ritchie’s method 
 Material and reagent used 
Bio paraprep MINI-   A sample collection tube having filtration unit with a double threaded fastener connected to a conical bottom tube for centrifugation. This device having volume capacity of 15 ml will be used. Formalin will be used for emulsification of fats. Also iodine, Microscope, waste container, Marker, pencils, Autoclave, pester pipette, Glass slides and Glove used.

Procedure for Ritchie’s method 
1. Open the sample collection tube
2. Add 2.5 Ml of formalin and 2ml of ethyl acetate in the  sample collection tube
3. With spoon of the cover collect 0.5g of sample and put inside the sample collection tube and let stand for a minute.
4. Screw both pieces of the device until it is well closed
5.  Then,  turn over and spin  and Centrifuge at 1000 rpm for 3 min 
6. Finally, discard the sample collection tube and filtration concentration unit step by step 
7. Remove the supernatant  from the conical tube, with a rapid inversion of the tube
8. [bookmark: _Toc505442450][bookmark: _Toc524702598]With pester pipette, Mix the sediment and take a small amount of sample on a glass slide for examination.
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