Aim
To describe the process of identification of parasites in faecal specimens.
Principle
Faecal specimens may contain a variety of parasites having both intestinal and extra-intestinal manifestations. These parasites include protozoa (amoebae, flagellates/ciliates, and coccidia), nematodes (round worms), trematodes (flukes) and cestodes (flat worms).
Parasites that may be detected from faecal specimens include:
	· Ancylostoma duodenale and Necator americanus (hookworm)
	· Giardia lamblia

	· Ascaris lumbricoides (adult worms and ova)
	· Heterophyes heterophyes

	· Balantidium coli
	· Hymenolepis nana

	· Blastocystis hominis
	· Iodamoeba butschlii

	· Capillaria philippinensis
	· Cystoisospora belli

	· Chilomastix mesnili
	· Microsporidia (Enterocytozoon bieneusi and Encephalitozoon intestinalis)

	· Cryptosporidium spp.
	· Metagonimus yokogawai

	· Cyclospora cayetanesis
	· Nanophyetes salmincola

	· Dientamoeba fragilis
	· Opisthorchis sinensis

	· Diphyllobothrium latum (tapeworm)
	· Paragonimus spp.

	· Echinostoma spp.
	· Retortomonas intestinalis

	· Endolimax nana
	· Sarcocystis spp.

	· Entamoeba histolytica and other Entamoeba spp.
	· Schistosoma spp.

	· Enterobius vermicularis (adult worms and ova)
	· Strongyloides stercoralis

	· Enteromonas hominis
	· Taenia spp. (tapeworm, T. saginata worms and ova, Taenia solium)

	· Fasciola hepatica
	· Trichuris trichiura (whipworm)

	· Fasciolopsis buski
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Method
Specimen collection
Faecal specimens are preferred to rectal swabs. Specimens should be collected into wide-mouthed leak-proof sterile plastic pots.
Specimen transport and storage
Specimens should ideally be stored and transported in sealed plastic bags. Laboratory processing should occur as soon as possible after specimen collection, especially for identification of Entamoeba histolytica trophozoites in suspected amoebic dysentery. Specimens should be refrigerated if delays in processing over two hours are unavoidable.
Specimen processing
Reception
Log the specimen in the appropriate specimen book and assign a specimen number. If culture is also requested, follow SOP MIC-007 in addition to this SOP.
Preparation of slides and concentrates should be done in the Class II biosafety cabinet.
Microscopic examination
Direct wet preparation of faeces
If the stool is not wet enough for a preparation, first emulsify the stool using distilled water and a tongue depressor (thick wooden stick) to make a smooth paste.
Make sure the sample is well mixed. If the sample contains blood or mucous examine this area of the stool.
Place a drop of saline on a clean microscope slide.
Using a small wooden applicator, or a Pasteur pipette if the sample is very wet, pick up a small amount of faeces and transfer to the saline drop on the slide.
Place a coverslip on top of the sample, making sure that the coverslip is flat.
Scan the whole of the slide using the x10 objective with the condenser iris closed to give a good contrast (Figure 1).
Confirm any parasites using the x40 microscope objective:
· Examine for E. histolytica trophozoites if the sample arrives at the lab within 30 minutes
· If cysts are seen, but not readily identified, use a small drop of Lugol’s iodine to add to the slide to assist in identification
Figure 1. Examination of a faecal smear
[image: slide]
Concentration of the specimen using the Evergreen concentrator
The method uses a modification of the Ritchie formalin-ether concentration method; the device replaces the funnel-gauze filtrations with two polypropylene tubes and an interconnected plastic strainer unit. Petrol (gasoline) is used in place of diethyl-ether.
Add 10ml of 10% formol saline to a flat bottomed tube.
Add 1 full, flattened spoon (1-2g) of faeces (1-2ml if liquid specimen received) into the tube and mix well with the spoon:
· If the faecal specimen is too solid, first add a small volume of distilled water to the specimen pot and emulsify with a wooden spatula.
· Agitate with a wooden stick if the faeces will not go into solution easily.
Place the lid on the tube and shake well, then vortex for 20 seconds to emulsify the faeces
Place the green lid with the filter onto the tube with the conical bottom.
Unscrew the lid on the tube containing the faeces and place the green lid with the filter and tube on top.
Invert the tubes over and shake the solution down to the conical tube.
Remove the filter and discard any solid matter from the filter and top tube into the discard pot.
Place the filter and tube into another discard pot (to keep overnight and wash the next day)
Add 1-2ml of petrol to the tube (by pouring), replace the lid and shake the tube well.
Leave the tube to stand for 2 minutes.
Centrifuge at 2,500 rpm for 3 minutes.
Pour the fatty plug and supernatant into the discard pot.
Remove any faecal debris from the side of the tube with a swab.
Resuspend the deposit in 0.85% saline (amount depending on amount of deposit).
Let the first two drops fall back into the specimen tube then place two drops on a slide with two coverslips examine first with the x10 objective with the x40 objective.
Prepare a modified ZN stain for Cryptosporidium spp. (SOP MID-001).
Interpretation
Minimum level of identification in the laboratory
Parasites should be identified with reference to the figures in Appendix 1 and the WHO charts in the laboratory. Quantitation should be done following Table 1.
Measurement of trophozoites/cyst size using a calibrated eyepiece micrometer is an important aspect of parasite identification (calibration procedure described in Appendix 2).
Table 1. Quantification of faecal parasites
	Number of parasite ova / cysts (x40)
	Report

	1 - 3 parasites per slide
(check 2 coverslips)
	+

	4 - 10 parasite per slide
(check 40 fields)
	++

	1 - 2 parasites per field
(check 40 fields)
	+++

	>3 parasites per field
(check 40 fields)
	++++


Reporting
The presence and quantity of specific parasites or the absence of any parasite (“No parasites seen”) should be reported.
Quality assurance
Appropriate internal and external quality assurance schemes.
Limitations
Entamoeba histolytica cannot be distinguished from the non-pathogenic species Entamoeba dispar by light microscopy.
References
1. Health Protection Agency, UK SOP B30: Investigation of Faecal Specimens for Enteric Pathogens (Issue 8.0; March 2013).
2. Ahmadi, NA, Damraj, FA. A field evaluation of formalin-gasoline technique in the concentration of stool for detection of intestinal parasites. Parasitol Res. 2009 Feb;104(3):553-7.
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Synopsis / Bench aid
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Risk assessment
	
COSHH risk assessment - University of Oxford COSHH Assessment Form

	Description of procedure
Microscopic examination of faecal specimens to identify parasitic infection
	Substances used
Lugol’s iodine
10% formol saline
Petrol
ZN stain reagents (Carbol-Fuchsin, Acid-alcohol, Methylene blue)

	Quantities of chemicals used
Small
	Frequency of SOP use
Daily

	Hazards identified
1. Potentially infectious material in sample  
2. Petrol: fire hazard
	Could a less hazardous substance be used instead?    
No

	What measures have you taken to control risk? 
1. Training in good laboratory practices (GLP)
2. Appropriate PPE (lab coat, gloves, eye protection)
3. Handling of specimens / preparation of slides in the Class II biosafety cabinet
3. No naked flames in the laboratory when performing faecal concentration using petrol

	Checks on control measures
Observation and supervision by senior staff

	Is health surveillance required?
No
	Training requirements:
GLP

	Emergency procedures:
1. Report all incidents to Safety Adviser
2. Use eyewash for splashes
3. Clean up spills using 1% Virkon or chemical spill kit
	Waste disposal procedures:
1. Sharps discarded into appropriate rigid containers for incineration
2. Infectious waste discarded into autoclave bags or 1% Virkon solution prior to autoclaving and subsequent incineration
3. Chemical waste disposed of according to manufacturer’s instructions





Appendix 1. Identification of faecal parasites
(From HPA SOP B31)
Common microscopic constituents of faeces
[image: Appendix 3]


Relative sizes of helminth eggs
[image: ]
Oocysts of coccidian
Cystoisospora belli1
[image: Appendix 5]
Immature oocyst (32 x 16µm)	Mature oocyst
Oocysts are transparent.  Reduced illumination is recommended. Modified Ziehl-Neelsen can be used for direct smears
Cryptosporidium species
[image: Appendix 5]
            5µm
Auramine-phenol and modified Ziehl-Neelson stains are recommended
Cyclospora species (CLB)
                               [image: ]8 – 10 µm
 		Unsporulated		Sporulated
In an unstained wet preparation, a central morula contains several refractile spheres. In fresh water, the morula divides into 2 smaller structures. Cyclospora cayetanesis can be seen in formol-ether concentrations as refractile spheres which do not stain with iodine but are variably acid-fast, staining pink or not at all with modified Ziehl-Neelsen stain. Will not stain with auramine-phenol stain. Will auto-fluoresce blue at 340 – 360 nm
Microsporidia	
[image: ]1-2 µm
Although microsporidia may appear acid-fast when stained with modified Ziehl-Neelson, the trichrome stain is recommended. Microsporidial spores are ovoid and refractile and the spore wall stains bright pink-red. Occasionally the spores stain with a red `belt' across the centre of the spore, or show polar granules, which are both diagnostic features



Comparison of tapeworms found in humansTaenia solium				Taenia saginata
(pork tapeworm)				(beef tapeworm)
[image: Appendix 6]

Appearance of gravid segments of tapeworms found in humans.
[image: ]
T. saginata	     T. solium	     D. latum	         H. nana



 
Helminth larvae – characteristics
	Hookworm
Filariform larvae
Size 500 x 14-20 μm  
Sheathed
Tapered tail
Oesophagus one-third of body length 
Rhabditiform larvae
Size 100 - 150 x 15-17 μm
Long buccal cavity – 15 μm
Oesophagus one-third of body length with two swellings
Genital primordium small – 7 μm
Anal pore 80 μm from posterior end
	Strongyloides
Filariform larvae
Size 500 x 14-20 μm
Unsheathed
Blunt or forked tail
Oesophagus half of body length
Rhabditiform larvae
Size 200 - 300 x 15-18 μm
Short buccal cavity – 4 μm
Oesophagus one-third of body length with two swellings
Genital primordium large – 22 μm
Anal pore 50 μm from posterior end


In fresh stool specimens, the most likely larvae to be seen are rhabditiform larvae of Strongyloides stercoralis. If the stool is >12 hours old, the larvae may develop into filariform larvae which must be differentiated from hookworm larvae (these may appear in the stool within 12 – 24hrs).
[image: Appendix 7]

Identification of amoebic trophozoites in stained smears
[image: Appendix 8]Acanthamoeba (25-40µm)


Balantidium col – trophozoite and cyst
[image: Appendix 9]
Identification of amoebic and flagellate cysts
[image: Appendix 9]

Appendix 2. Calibration the microscope for measurement
(From HPA SOP 31)

The size of ova and cysts is an important identifying feature of many parasites.
Size can be determined with an eyepiece micrometer. The calibration of the microscope is carried out as follows:
Equipment required includes an eyepiece micrometer and a stage micrometer. 
1	The eyepiece scale is divided in 100 small divisions.
2	The stage micrometer scale extends over 1mm being divided in 0.1 mm 
	divisions, each being divided again in 0.01 mm divisions.
3	Insert the eyepiece graticule to the eyepiece, and replace into the 
	microscope.
4	Place the stage micrometer on the microscope stage.
5	Focus the low-power objective on the stage scale.
6	Adjust the eyepiece and stage scales until they are parallel and overlap.
7	Note the number of eyepiece divisions and its corresponding stage 
	measurement, e.g. 10 eyepiece divisions = 0.20 mm on the stage scale.
8	Calculate value of one eyepiece division as follows:
	10 eyepiece divisions = 0.20
	1 eyepiece division   = 0.20/10 = 0.020 mm = 20 µm
9	Repeat from #5 with each objective, noting and recording the reading from 
	each.
[bookmark: _GoBack]10	Calibration need only be done once for each microscope, and its objectives and eye pieces.
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