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INTRODUCTION TO THE COURSE:



1.0: Welcome message


Welcome to the Joint Uganda Malaria Training Program (JUMP) course on Malaria diagnosis using microscopy and rapid testing techniques (RDT) This training will be conducted in the molecular laboratory within Mulago complex. We trust you will have an exciting four days of learning and doing while in this training.

This booklet “Introduction to the course” is meant to acquaint you with the course as a whole, how it is organized and what you need to do in order to go through it successfully. To do so, this booklet will provide you with the relevant information about the course:
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3.0  Aims, Objective and Content of the course:



3.1 Aim of the training on Malaria diagnosis using microscopy and RDTs.:

The aim of the curriculum is to improve the quality of the management of patients with malaria through building the capacity of health laboratory workers in the diagnosis of malaria using microscopy and RDTs
3.2 Objectives of the training on Malaria diagnosis using microscopy and RDTs.:
By the end of the course, you should be able to:

1. Observe good clinical and laboratory practices 

2. Correctly diagnose malaria using microscopy

3. Effectively use microscopy in the process of diagnosing malaria.
4. Efficiently use microscopy in the process of diagnosing malaria.

5. Value the need for quality assurance and quality control in ensuring reliable laboratory services in a health facility setting. 

6. Correctly diagnose malaria using RDTs

3.3 Course content:
The course comprises the following content arranged in sessions:

· Session 1:Good laboratory Practice (GLP)

· Session 2: Microscopy

· Session 3: Preparation and storage of reagents for malaria microscopy.

· Session 4: Laboratory diagnosis of malaria 
· Session 5: Quality Assurance and Quality Control (QA/QC)

· Session 6: Preparation and interpretation of RDT
4.0  Target audience for the course:



The course on Malaria diagnosis using microscopy and RDTs is intended for all the health staff working or providing laboratory services in all health facilities with a microscope. The levels of health facilities being referred to here include district hospitals; health centre fours and health centre fours with available and functioning microscopes. The specific cadres of laboratory staff being referred to here include the following:
· Laboratory technologists

· Laboratory technicians
· Laboratory assistants  

5.0 Course organization:


This is a four day training course for the named Laboratory staff in health facilities offering laboratory services.
The table below gives you an illustration of the course organization

Figure 1: Course organisation
	

	


6.0 Course schedule:



Following is the Course Schedule for implementing the course: “Malaria diagnosis using microscopy and RDTs”
Figure 2: Malaria diagnosis using microscopy and RDTs
	Time 
	 Day 1
	Day 2
	Day 3

	8.30 – 9.00
	Registration and 

applications, overview
	Review of Day 1
	Review of Day 2

	9.00 – 10.30
	 Pre-tests

Picture reading pre test

Slide pre test.

	Quality Control / Quality Assurance


	Picture slide/

Slide reading review.


	10.30 – 11.00
	Midmorning tea/coffee

	11.00 – 13.00
	Good Laboratory Practice 

Microscopy


	Laboratory diagnosis of malaria 
Performance and interpretation of  RDTs

	Skills development in Slide reading  



	13.00 – 14.00
	Lunch break

	14.00 – 15.30
	Preparation and storage of reagents for malaria microscopy 

	Lab diagnosis of malaria-Slide preparation 


	Post-test: Slide reading


	15.30 – 16.45
	Skills development in reagents preparation 


	Lab diagnosis of malaria-Smear staining


	Post-test: Picture reading
Post test: Written



	16.45 – 17.00
	End of day’s evaluation 
	End of day’s evaluation
	End of course evaluation

Closure




7.0 Assessment:



You will be assessed for learning attainment in terms of competences acquired (Knowledge, Skills and Attitudes) through the following approaches:

· Written Pre-test and Post-test.

· Practical assessment in the practicum sites.

· Project development and presentations

· Attendance of at least 90% of all the sessions

8.0 Award at the end of the course:


At the end of the training, you will be awarded a certificate of successful completion of the course if you attained 60% and above in the Post-test and certificate of attendance if you attained below 60% in the same test. This certificate will be awarded by the Ministry of Health.

9.0 Course schedule:



This course seeks to promote proper management of patients with fever by advocating for improved laboratory investigations using microscopy and RDTs.
10.0 Symbols used in the course materials:



	Symbol
	Interpretation

	· 
	Points to note, remember or emphasize

	· 
	Go to a given page as reference

	· 
	Write

	· 
	Summary of the session

	          (
	Think about or respond to a given question


11.0 Time keeping:



This is a busy course involving class, group and individual activities. The success of this training will depend on your active participation and involvement in each of these activities.  You are therefore invited to keep time all through the training period.

Have an exciting four days of learning and practicing of relevant skills!

Session 1: GOOD LABORATORY PRACTICE:




INTRODUCTION:
This session will introduce you to the code of practice for working safely and efficiently in the laboratory. Good Laboratory Practice emphasises the importance of availability of resources, regulations, record keeping and quality assurance in the laboratory set up. The concept of Good Laboratory Practice first evolved from USA in 1970’s to improve planning, staffing, information laboratory methods and results. 
LEARNING OBJECTIVES:

By the end of this session, you should be able to:

1. Define Good Laboratory Practice
2. List the objectives of Good Laboratory Practice

3. List the elements of Good Laboratory Practice

4. Outline the procedures of writing and use of Standard Operating Procedures

1.1 DEFINITION OF GOOD LABORATORY PRACTICE:
World Health Organization defined Good Laboratory Practice as Quality system concerned with the organisational process and the conditions, under which non-clinical health and environmental safety studies are planned, performed, monitored, recorded, archived and reported.”
1.2 OBJECTIVES OF GOOD LABORATORY PRACTICE:
The purpose of Good Laboratory Practices is to ensure that l testing; reporting, interpretation and verification are accurate. It promotes the development and storage of quality laboratory data, provides a management tool. The objectives Good Laboratory Practices includes:
1. To promotion development and of quality laboratory data.
2. To ensure good conduct of the laboratory personnel, reporting and archiving of laboratory studies. 
3. To guarantee the reliability and integrity of studies, the reporting of verifiable conclusions and the traceability of data. 
4. To allow comparison of data among different laboratories  
5. To further improve the protection of human health and the environment.
 Organization of adapted.  

1.3 ELEMENTS OF GOOD LABORATORY PRACTICE
The elements of good laboratory practice include the following: 
1. Personnel
2. Quality assurance programme

3. Validation 
4. Infrastructure 
5. Laboratory equipment and its care

6. Standard Operating Procedures 
7. Laboratory record books Reporting  results

1.3.1 Personnel
Good Laboratory Practices emphasises the need to have experienced laboratory workers qualified for the task by education and training and supervised by a senior laboratory professional. Senior laboratory professional (laboratory manager) should ensure the following:

· Existence of records on qualification and training for all personnel.

· Availability of training programmes that provide baseline standard of ability.
· Personnel are kept up to date with new assay techniques and equipment. 
· Each staff should have a well defined job description.
· Provision of refresher training  programmes 
1.3.2 Validation    

Validation is the process of checking if a test procedure or equipment satisfies set standards. To institute the principle of validation in the laboratory, you need the following: 
· Design procedures to detect errors or mistakes that may affect laboratory results 
· Ensure that all samples are suitable stable throughout all testing assessments.
· Establish the performance characteristics of laboratory test in terms of frequency of malfunction, sensitivity, specificity, precision and reliability. 
· Follow calibration and validation procedures. 
1.3.3 Infrastructure
The laboratory should be of suitable design for different laboratory categories. The design should take care of the following:

· Sample collection

· Sample reception and storage

· Sample analysis and reporting

·  Report dissemination

·  Reagent storage
· Waste management

· Laboratory utilities (water and drainage, power source and communication)

· Bio- safety facilities

1.3.4 Equipment and its care
Equipment used in the clinical laboratory should be routinely inspected, cleaned, maintained, and calibrated according to Standard Operating Procedures (SOPs). Records of these activities should be maintained. For continuity, arrangements   should be in place for back-up assay facilities / equipment in the event   of power or equipment failure. 
1.3.5 Standard Operating Procedures (SOPs).
Standard Operating Procedure is a “detailed, written instructions to achieve uniformity of the performance of a specific function”. 
The purpose of SOPs is to aid in carrying out the procedure correctly and always in the same manner and s should be available at the place.  

1.3.6 Recording and reporting of laboratory results
Patient demographic (information) should be written down in the laboratory register promptly, legibly, and in indelible ink. Laboratory reports should be signed and dated by person who performed the test and counter signed by a senior professional.  
1.4 WRITING AND MAKING USE OF STARDARD OPERATING PROCEURES IN GLP
1.4.1 Preparation of SOPs
The SOP should have the following features:
· Date of approval and/or version number
·  A Title 

· Number of the SOP 
· Page number and total number of pages of the SOP

· The Title page, should have the following: 
· Rationale of the SOP

· Principle of the test 

· Type specimen for the test

· Equipments and materials required 

· Method of test

· Results reporting formats

· Precaution and bio-safety measures 

· Quality Control 

· References

· Names and signatures of authors ,and the signed 

· Names and signatures of the authority, and the signe

1.4.2 References 

Mention here the used Standards and other references for this SOP. 

REFERENCE:
1. UNDP/World bank/WHO 1998, Handbook of good laboratory practice (GLP) (TDR), 
2. http://www.fao.org/docrep/W7295E/w7295e04.htm
Session 2: MICROSCOPY:



INTRODUCTION:

Reliable microscopy is a mainstay of primary health care, including programmes to diagnose and cure malaria. The microscope is one of the valuable instruments in the laboratory.  It is used to magnify images of small objects that are too small to be seen by the unaided human eye.  Microscopes are used to observe the shapes of bacteria, fungi, parasites and host cells in various stained and unstained preparations.

This session is intended to help you the laboratory technicians to perform your work, both accurately and for a long time by ensuring the proper use and maintenance of the microscope. Before we proceed, let’s have our session objectives.

LEARNING OBJECTIVEVS:

By the end of the session, you should be able to:

1. Define the term microscopy

2. Name the different types of microscopes

3. List other laboratory equipment used in the diagnosis of malaria.

4. Describe the essential parts of a light ordinary microscope.

5. Describe how to install and operate a light ordinary microscope.

6. Describe the care and maintenance of a light ordinary microscope.

2.1 DEFINITION OF MICROSCOPY

Microscopy is the study of minute objects that can not be seen with naked eyes by the aid of a microscope.
2.2 DIFFERENT TYPES OF MICROSCOPES:

There two major types of microscopes. These are: light microscopes and the electron microscopes.

2.2.1 Light microscope:

Microscopes commonly used in clinical practice are called light microscopes, because they use a beam of light to view the specimens. A compound light microscope is the most commonly used.  It consists of two lens systems as a combination of lenses to magnify the image.  Each lens has a different magnifying power. A compound light microscope with a single eye-piece is called monocular one with two eye-pieces is said to be binocular. There are four main types of light microscopes. These are:

· Brightfield microscopes.

· Darkfield microscopes.

· Phase contrast microscope.

· Florescence microscopy.

2.3 LIST OTHER PIECES OF LABORATORY EQUIPMENT USED IN THE DIAGNOSIS OF MALARIA

Apart from using an ordinary light microscope to diagnose malaria, there are other equipment used in different methods to serve the same purpose.

The these include the following::

· Thermocycler (PCR machine)

· Flourescent microscope

· ELISA machine

2.4 ESSENTIAL PARTS OF A MICROSCOPE

The main parts of the microscope include the eye-piece, body tube, nose-piece, objectives, mechanical stage, condenser, coarse and fine adjustment knobs and light source. We shall next describe each of them in turn and in reference to the figure 2/1 below:




Figure 2/1: Parts of a microscope
· Eye pieces

The specimen is viewed through the eye-pieces.  They contain lenses which magnify the image formed by the objective lens.  Their magnifying power ranges from 5x to 20x.

· Body tube
This maintains a set distance between the eye-pieces and objective lenses.  It also supports the eye-pieces on the upper end.

· Arm
Supports the body tube.

· Revolving nose -piece

This houses and rotates the objectives..

· Objectives
The image of the specimen first passes through the objectives.  Objectives with magnifying powers of 40x, 10x, and 100x are commonly used.  

Objective 100x uses oil immersion while 4x, 10x and 40x work without oil. The later are described as dry objectives 

· Mechanical stage
The mechanical stage holds the slide and allows it to be moved to the left, right, forward, or backward by rotating the mechanical stage control knobs. It is fitted with fine vernier graduations as on a ruler.  This helps in relocating a specific field of examination.

· Condenser
The condenser is found below the mechanical stage. It concentrates and controls the amount of light that illuminates the specimen.  It is consists of an iris diaphragm that regulates the amount of light passing through the specimen.  

· Course adjustment knob

This moves the body tube or stage up and down and changes the distance between the specimen and the objective to achieve focus. This is referred to as course focusing. .

· Fine adjustment knob

This is used to change the distance between the specimen and objective. It sharpens for better viewing of the object..

· Two-sided mirror fitted at the base of the microscope

This reflects natural or artificial light and illuminates it through the diaphragm. 

It has two surfaces, one plain for artificial light and the other concave for natural light.

· Built in light sources
A halogen bulb is fitted in the base of the microscope to provide an illumination.  On top of the illuminator is a filter holder to carry the filter of desired quality. Blue filters are used to change the light from ordinary electric bulbs into a more natural white light. A neutral density filter is used to reduce brightness without changing the colour of the background.

· Base

The base supports the body of the microscope and houses the lamp.

2.5 INSTALLATION AND OPERATION OF THE MICROSCOPE

In this section we shall discuss how you should install and operate a microscope.

2.5.1 Installation  and positioning of a microscope

Install the microscope on a study level table. Equipment and instruments like centrifuges and refrigerators which generate vibrations should not be placed on or near this table. The height of the table should be convenient for the user. Where possible an adjustable stool should be made available to make microscopy comfortable. The table should not be near water, sinks and racks containing chemicals to prevent damage to the microscope from splashes or spills. The microscope which uses natural light should be placed near a source of light but away from direct sunlight.

2.5.2 Operation of a microscope

You should ensure that you operate the microscopes properly to prevent damage and strain you’re eyes.  For proper use of the microscope, following steps below:-

· Ensure that the voltage supply in the laboratory corresponds to that 

· Permitted for the microscope. Use a voltage protection device if 

· Necessary.

· Turn on the light source of the microscope.

· With the light intensity knob, decrease the light while using the low 

· Magnification objective.

· Place a specimen slide on the stage making sure the slide is not placed 

· Upside down. Secure the slide using the slide holder of mechanical stage.

· Rotate the revolving nose-piece to the 10x objective and raise the stage 

· To its maximum.

· Move the stage with the adjustment knobs to bring the desired section of 

· The slide into the field of view.

· Focus the specimen under 10X objective using the coarse focusing knob 

· And lowering the stage.

· Make sure the condenser is almost at its top position.  Centre the 

· Condenser using condenser centering screws.

· Adjust the interpupillary distance till the right and left images become 

· One. Interpupillary refers to the distances between the two eye pieces.

· Focus the image while looking into the eyes focusing the eye-pieces 

· And turning the focusing knob.

· Put one drop of oil immersion on the stained smear.
· Change to 100x objective.

· Increase the light by turning the intensity knob until a bright but 

· Comfortable illumination is achieved.

· Focus on the stained smear by turning the fine focusing knob.

· When the examination has been recorded, lower the stage and rotate the objective away from the slide.

· Release the tension of the slide holder and remove the slide.

· Wipe immersion oil from the objective using a lens tissue.

· Turn off the light.

· Cover the microscope with a cloth and replace it in its case.

2.6 CARE AND MAINTENANCE OF A MICROSCOPE:
The following is an outline of things that you should do or don’t do in the care of your microscope. We have referred to them as the Do’s and Don’ts of a microscope 

Table 2/1: Do’s and Don’ts of a microscope 

	Dos


	Don’ts 

	· Care of the microscope by always keeping the microscope and working area clean and in good working order.

	· Leave the microscope standing on the work table after finishing with it. This Makes it will become dusty.

	· Always replace it in its case or put a plastic cover over it.

	· When moving your microscope never pick it up by the part which has the micrometer adjustment.

	· Use both hands for carrying the microscope; with one hand on the arm and the other hand supporting the base.

	· Leave  reagents uncovered near the microscope, or store the microscopy in a cabinet with reagents

	· Carry the instrument in front of you avoiding banging it into anything.

	· Dismantle the objectives and eye pieces when cleaning them

	· Avoid collection of dust and immersion oil on the objectives and eye-pieces by keeping the microscope covered.

	· Allow immersion oil to touch any of the objectives other than the immersion objective

	· Always keep the eye pieces in place to protect the surfaces of the prism.

	

	· Close the holes of missing objectives in the nose-piece by using special caps that are provided or by sealing with adhesive tape.

	


Let us next discuss the specific things you need to do to maintain your microscope:

· Removal of dust from lenses

Dust can be removed with a camel-hair, brush or by blowing air over the lens.  Do not remove the dust from lenses by wiping with a cloth or lens tissue as this can scratch the lens and damage it permanently.

· Removal of oil from lenses

Remove oil with the help of lens paper using lens cleaning fluid as recommended by the manufacturer. Do not use force as it might damage the lens.

· Maintenance of mechanical moving parts.  

Mechanical moving parts of the microscope may become too stiff or too loose.

· Stiffness of the moving parts

Stiffness of the moving parts of the microscope is due to accumulation of dust or because the sliding channel has become rough. First remove the dust with a camel -hair brush or blowing air, and then clean it with a solvent such as petrol. Polish with metal polish and apply high quality silicone grease to lubricate the moving parts.

· Loose moving parts

With prolonged use, the up and down movement of the mechanical stage becomes loose.  The stage slides down during examination resulting in loss of focus. Contact a service engineer to work on tension adjustment as recommended by the manufacturer.

· Maintenance of the light source
The supply of voltage (110v or 220v) must always conform to that specified for the microscope.  Adequate number of spare bulbs and fuses should be available.  Do not touch the bulbs with bare hands, as the grease in your hands will cause the bulb to blow when heated up.  Provide adequate ventilation to take care of heat generated by the bulb.

Provide voltage protection if necessary. Before switching the lamp on adjust the variable voltage regulator to minimum. Switch on the lamp and slowly increase the voltage until the desired intensity is achieved.

· Proper storage of the microscope
If the microscope is to be used everyday do not remove it from the site of installation, keep it covered with a polythene/plastic cover. In humid areas store the microscope overnight in a cabinet fitted with an electric bulb (5w or 40w) to reduce humidity.

If the microscope is used intermittently and requires storage for a prolonged period, keep it in an airtight plastic bag or wooden box with 100g of silica gel, which is a drying agent.  Replace silica gel fortnightly.

Below is table 2/1 with information on how to identify and remedy problems with your microscope. We have referred to this as the trouble-shooting guide. 

Table 2/2: Trouble shooting guide for a microscope

	TROUBLE
	POSSIBLE CAUSES
	REMEDY

	1.Light from the source flickers
	· Loose plug connection at the wall socket, transformer or power supply to the microscope.

· Improperly installed light bulb

· Dirt bulb contacts

· Erratic voltage supply

· Damaged wiring

· Dark sports on the bulb.


	· Secure the loose connection.

· Use tool kits.

· Re-install the bulb

· Gently remove the crusty deposits at the contacts.

· Use a voltage stabilizer

· Fix the faulty wiring

· Replace the bulb

	2. Light source does not turn on 
	· Lead of the light source is not plugged

· The bulb has burned out.

· Fault switch

· Fuse blown out.
	· Plug in the lead

· Replace the bulb

· Replace the switch.

· Replace the fuse 

	3. Specimen unevenly illuminated
	· Light source is not centred 

· Objective is not aligned with the path of the light
	· Centre the condenser

· Gently rotate the nose piece until it clicks into position

	4.Secimen poorly illuminated even at maximum voltage 
	· Iris diaphragm is almost closed/not centred.

· Dirt or fungal growth

· Condenser is too low


	· Adjust the opening of the iris diaphragm

· Gently wipe the condenser lens with the paper. If the trouble persists with the lens soaked in fluid or fungus cleaner. 

· Raise the condenser

	5. Excessive image contrasts


	· Iris diaphragm is almost closed
	· Adjust diaphragm opening

	6. Illuminator too bright or too dark


	· Voltage supply is too high or too low

· Bulb is not of the standard quality 
	· Ensure proper voltage supply

· Use bulb of standard quality as recommended by the manufacturer 

	7. Unclear image with glare


	· Iris diaphragm too far open
	· Close the iris diaphragm to reduce the opening

	8. Specimen not  focussed ’


	· Specimen slide is placed up side down.

· Cover slip and mounting fluid too thick. 
	· Change the slide so that the slide with t he specimen faces up-wards

· Use cover slips to right thickness and mount properly.

	9. Poor quality of the image with 40x objective


	· Lenses have been accidentally smeared with oil

· Damaged lens 

· Fungal growth
	· Gently remove the oil with lens paper

· Replace it

· Clean the lens using fungus cleaning fluid as recommended by the manufacturer

	10. Specimen goes out of focus more than usual at a high magnification 
	· Slide is not placed properly on the stage

· Loose adjusting knobs


	· Remove the slide place, and clamp it properly

· Contact the technical persons for assistance

	11. Oil immersion objective does not give clear images
	· It is being used without oil

· Immersion oil applied is of poor quality causing low refractive index

· Surface of the lens is dirty or oil is inside the objectives

· Air bubbles in immersion oil
	· Apply immersion oil

· Use good quality immersion oil 

· Clean lens with lens paper soaked in lens cleaning fluid; replace the lens if necessary.

· Remove air bubbles



	12. Dust/dirt visible in the field of view


	· Dust on the collector lens of the light source

· Dust on the top-most lens of the condenser 

· Dust on the eye piece 
	· Remove the dust particles with a camel/artist’s brush

	13. Mechanical stage drops and specimen goes out of focus or stiff up and down movement of stage.
	· Tension adjustment  on  the mechanical stage is loose or tight 
	· Contact a qualified service engineer to work on tension adjustment.

	14. Mechanical stage cannot be raised up to its upper limit.


	· Mechanical stage is locked too low
	· Unlock the pre-focus locking lock, adjust to proper height and lock

	15. Incomplete binocular vision 


	· Eye pieces are not matched 

· Improper adjustment of the interpupillary distance

· Dioptre adjustment was not done 
	· Use matched eye-pieces

· Adjust the interpupillary distance

· Make dioptre adjustment

	16. Fuse blows out frequently


	· Faulty fuse

· High line voltage 

· Defect in the circuit 
	· Use proper fuse

· Use voltage protection device

· Get help from a qualified service engineer.



REFERENCES:

1. Word Health Organisation (1980) Manual of basic techniques for a health laboratory. Geneva

2. Word Health Organisation (1999) The microscope practical guide New Delhi.

3. Eva Harris (1998) A low cost approach to PCR. Oxford university press.  

4. Monica Cheesbrough (1985) Medical laboratory manual for tropical countries volume II microbiology, University press Cambridge.

Session 3: THE PREPARATIO AND STORAGE OF REAGENTS 

                    FOR MALARIA MICROSCOPY:




INTRODUCTION

Welcome to our session on “Preparation and storage of reagents used for malaria microscopy”.

It is important to properly prepare and store reagents to be used in malaria microscopy.  The different types of reagents commonly used include: Giemsa, Leishman and Field’s stains. These are known as Romanowsky Stains.
LEARNING OBJECTIVES:
By the end of this session, you will be able to:

1. Define a reagent.

2. Describe the procedure for preparing reagents for Malaria microscopy.

3. List the information required on the label of a newly prepared reagents for malaria microscopy.

4. Describe the storage of the specific reagents for Malaria microscopy.
3.1 DEFINITION OF A REAGENT:
A reagent is a standard mixture of chemicals that is used in analysis of samples in laboratories. 

3.2 PROCEDURE FOR PREPARING STAINS REQUIRED FOR MALARIA MICROSCOPY:

In this section we shall discuss the procedure for preparing four categories of stains in turn.

Preparation of reagents is a very important aspect of laboratory practice. You should ensure that your Reagents are prepared using standard preparation procedures. 
3.2.1 Procedure for preparing Field’s stains A and B

Field’s stains are water-based (dissolve in water) Romanowsky stains. These are Field’s stain A and Field’s stain B. To prepare the Field's stain, either use commercial stain powders or mix ingredients as follows

· Materials required for preparing Field’s stain A and B

The following materials are required for the preparation of Field’s stains A and B: 

· Sodium azide- 0.5g

· Field’s stain A and B powder, (12.5g)

· Balance

· Conical flask (200-500)mls

· Reagent bottle (500-1000 ml)

· Stirring glass rod

· Hot plate/water bath)

· Distilled water

· Filter paper (Whitman No 1)

· Funnel

· Pyrex beaker

· –Measuring cylinder

· Buffer tablets

· Preparing  500ml of Field stain A:

· Sodium Azide…………………………………………. 0.5g

· Fields stain A powder…………………………………12.5g

·  Warm distilled water.………...................................500ml

· Weigh Field’s stain A powder on a piece of clean paper and transfer it to a large Pyrex beaker.

· Measure 500mls of the warm distilled water.

· Add the warm water to the stain and mix to dissolve the powder.

· Add 0.5g of Sodium Azide to the stain

· When cool, filter the stain into a storage bottle.

· Label the bottle (name of reagent, date of preparation, your initials)

· Store it at room temperature. 
· Preparing  500ml of Field’s stain B:

Sodium Azide ………………………………………….0.5g

Field’s stain B powder…………………………………12.5g

Warm distilled water…………………....................................  500ml

· Weigh Field’s stain B powder on a piece of clean paper and transfer it to a large Pyrex beaker.

· Measure 500mls of warm distilled water 

· Add the warm distilled water to the stain and mix to dissolve the powder.

· Add 0.5g of Sodium Azide to the stain.

· When cool, filter the stain into a storage reagent bottle.

· Label the bottle and store at room temperature.

· Test for the quality of the stain by staining a known positive and a known negative blood slide.

3.2.2 Procedure for preparing Giemsa stain    

The stock solution of Giemsa stain can be prepared from commercially available Giemsa powder using the following formula

· Materials required for preparing Giemsa stain

The following materials are required for the preparation of Giemsa stain

· Giemsa powder (3.8g)

· Glycerol (250mls)

· Methanol (250mls)

· Weighing Balance

· Reagent bottle (brown bottle; 500-1000ml)

· Buffered water(pH 6.8- 7.2)

· Water bath

· Label

· Whatman filter paper No 3

· Conical flasks (250-500mls)

· Measuring cylinder(200-1000mls)

· Preparing  500ml of stock Giemsa stain:

· Giemsa powder ………………………………………..3.8g

· Glycerol (glycerin)………………………………..…….250ml

· Absolute Methanol (methyl alcohol)………………………….…250ml

· Weigh the Giemsa powder on a piece of clean paper and transfer to a dry, clean brown bottle which contains a few glass beads.

· Using a dry cylinder measure the Methanol, add to the stain and mix well.

· Using the same cylinder measure the glycerol, add to the stain and mix well (ensure that all the measured glycerol is used).

· Place the bottle of the stain in a water bath at 50-60°C, shaking it at intervals until it dissolves. If water bath is not available, use warm water at approximately 50–60°C for up to 2 hours, shaking at intervals to help the stain to dissolve. 

· Label the bottle and mark it Flammable and Toxic. 
· Store at room temperature in a dark room or cover with aluminium foil if available. 

· Bottle containing the stain should be well stoppered to avoid moisture.

· Filter a small amount of the stain for use into a dry stain dispensing container.

· Test for the quality of the stain by staining a known positive and a known negative blood slide.



· Procedure for preparing the buffer solution include use of buffer tablets

(i) Preparation of the stock buffers (not to be used directly for staining)

Acid buffer( 1 L)

· Weigh out 9.5 g of Na2HPO4 (dibasic ,anhydrous)

· Dissolve in 900ml of distilled water.

· Fill to a total volume of 1 L

Alkaline buffer (1 L)

· Weigh out 9.2g of NaH2PO4 (monobasic monohydrate)

· Dissolve in 900ml of distilled water.

· Fill to a total volume of 1 L

(ii) Preparation of Giemsa staining buffer (use this buffer for staining)

To prepare one litre of Giemsa buffer mix together the proportions below for a buffer of the pH you wish. pH range of 6.8-7.2 is desirable.

Desired pH                Acid buffer         Alkaline buffer                       Water

6.8                                 50 ml                50 ml                                        900ml

7.0                                39 ml                61 ml                                        900ml

7.2                                 28 ml               72 ml                                         900ml

3.2.3 Procedure for preparing Leishman stain

Leishman stock stain is prepared by dissolving Leishman powder in methanol.

· Materials required for preparing Leishman stain

The following materials are required for the preparation of Leishman stain. 

· Absolute Methanol  

· Leishman powder

· Weighing Balance

· Conical flask

· Water bath

· Reagent bottle (brown)

· Label

· Funnel

· Filter paper

· Measuring cylinder

· Preparing Leishman stock solution
· Leishman powder……………………… 1.0 g 

· Methanol…………………………………. 500 ml. 

Measure 500mℓ of methanol and put in a brown bottle.
Weigh 1.0 g of Leishman powder and add it to the Methanol in the (brown bottle) and mix thoroughly.

· Place the preparation in  a water bath pre-set at 56° C.

· Incubate for 1 hour while shaking at 10 minute interval. Or leave if at room temperature for one week to allow the stain to mature/ripen. 

· Label the reagent bottle and store at room temperature.

· Test for the quality of the stain by staining a known positive and a known negative blood slide.

3.3 LABELLING NEWLY PREPARED REAGENTS FOR MALARIA MICROSCOPY

A label is a tag on a reagent package which identifies the contents of the package. .For example a small piece of paper attached to the reagent bottle to indicate the person who prepared it, the date of preparation, the name of the reagent, the expiry date, concentration if any, and storage requirements if storage requirement information is indicated. It is important to label clearly all the Chemicals and reagents to avoid hazards associated with their handling and use.

If expiry date can not be determined, then record the date the solution was placed in the container or the date the original container was opened. Clearly identify what the date represents. 


E

Here is an example of a label:


Name of the reagent:………………….……………………

Date of preparation: day…/month……/year….…………

Prepared by:…………………………………………………. 

Expiry date:………………………….………………………..

Storage condition:………………………………………………...

3.4 STORAGE OF SPECIFIC REAGENTS

In order to achieve good quality results, reagents must be stored according to their specific storage requirements.

Stains are available commercially as dry powders or stock solutions. For storage purposes, powders are most stable. Stock solutions in a Methanol/glycerol solvent mixture are more stable than those in Methanol alone.

Store stock stains tightly capped in polyethylene containers, in a cool dark place to prolong shelf life. This is because stock stain can be affected by moisture, contact with metals, exposure to light and variation in temperature.

Working solutions are stable for only a few hours. You should therefore, prepare them in small volumes. You can store the different Malaria stains /reagents in the following ways:

· Storage of Field’s stain A and B

· Store stain at room temperature. Under these conditions the stain is stable indefinitely.

· Storage of Giemsa stain.

· Store at room temperature in the dark cool dry place. 

· Keep reagent bottles well-stoppered to prevent evaporation of the solvent and oxidation of the stain; the stock solution is stable for several months.

· Keep the stain in a dark glass container and store it away from direct sun light.

· Storage of Leishman stain.

· Store at room temperature in dark brown container.

· Storage of Buffers.

· Store at room temperature in well stoppered containers.
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Session 4: LABORATORY DIAGNOSIS OF MALARIA :




INTRODUCTION:

Welcome to the session on Laboratory diagnosis of Malaria.  Carrying out laboratory investigations on patients presenting with fever especially by performing microscopy on a blood slide is one important step in providing quality health care to patients.

To enable you make good use of the laboratory in patients presenting with a fever, this session will take you through a number of relevant aspects in laboratory diagnosis of Malaria. This session will provide you with the knowledge you require to effectively use the most convenient and common methods of diagnosing Malaria, perform phlebotomy, prepare thick and thin blood smears, identify different species of Malaria parasites, rule out other infections in a blood smear, correctly interpret blood smears using Standard Operating Procedures and record and report laboratory blood smear results correctly among others.   

LEARNING OBJECTIVES

By the end of this session, you should be able to:

1. Describe the composition of blood

2. Describe the procedures taken in the collection of samples for Malaria microscopy

3. Describe the procedure for preparation of blood smears for microscopy.

4. Describe the common faults in making a blood smears

5. Describe the procedure for staining blood smears.

6. Describe the microscopic diagnosis of malaria.

7. Describe the characteristic features of the different Plasmodium species.

8. Describe the different methods of reporting blood smear results for malaria parasites.

4.1 COMPOSITION OF BLOOD

Let us start our discussion with a description of the composition of blood. Knowledge of the different blood components will enable you appreciate the different effects of stains on them. The components of blood that we shall learn about include the following:

· Red blood cells

· Blood plasma

· White blood cells

· Granulocytes

· Lymphocytes

· Monocytes

· Platelates or Thrombocytes

Let us describe each of these in turn.
4.1.1 Red blood cells (Erythrocytes)

Red blood cells are the most common type of blood cell. Erythrocytes consist mainly of haemoglobin, a complex molecule containing heme groups whose iron atoms temporarily link to oxygen molecules in the lungs or gills and release them throughout the body. .  Malaria parasites invade the red blood cells to feed but not to cause disease. They digest heamoglobin and produce heme as a by product. With help of the enzymes, malaria parasites are able to change the byproduct of heme to the toxic by product to the nontoxic byproduct of heamozin.

4.1.2 Blood plasma

Blood plasma is the liquid component of blood, in which the blood cells are suspended. Plasma is the largest single component of blood comprising about 55% of total blood volume. The term Serum refers to blood plasma in which clotting factors (such as fibrinogen) have been removed. Blood plasma contains many vital proteins including fibrinogen, globulins and human serum albumin.

4.1.3 White blood cells

White blood cells also known as leukocytes are cells  among the component of the blood. They are produced in the bone marrow and help to defend the body against infectious diseases and foreign materials as part of the immune system. There are normally between 4x109 and 11x109 white blood cells in a liter of healthy adult blood. 

· Granulocytes

Granulocytes also known as Granular Leukocytes are characterized by the fact that all types have differently staining granules in their cytoplasm on light microscopy. These granules are related to lysosomes found in some regular cells and primarily act in the digestion of engulfed invaders. There are four types of granulocytes: 

· neutrophils
· eosinophils
· basophils
These names are according to their staining properties:

· Neutrophils have multilobulated nuclei and fine pinkish staining granules. They assist in destruction of foreign particles by the processes of phagocytosis and intracellular killing. 

· Eosinophils have coarse red granules that stain with eosin and play a role in allergy and parasitic diseases. Eosinophils have a multilobulated nucleus. 

· Basophils are only seen occasionally. They are polymorph-nucleated and their granules stain dark blue. They are further characterized by the fact that the granules seem to overlie the nucleus. 
· Agranulocytes

Agranulocytes are a category of white blood cells characterized by the absence of granules in their cytoplasm. There are two types of agranulocytes; the lymphocytes and the monocytes

· Lymphocytes

Lymphocytes: There are two types of lymphosites; small and large. The small lymphosites have a ream of sky blue and the nucleus. A large lymphosites; the nucleus covers the two thirds of the blue cytoplasm. They are responsible for immune functions in the body. 
· Monocytes
Monocytes are also known as macrophages after they migrate from the bloodstream and enter tissue They share the phagocyttic function with neutrophils, but live much longer. 

4.1.4
 Platelets 

Platelates also known as thrombocytes are the cell fragments circulating in the blood that are involved in blood clotting.

4.2 METHODS USED IN LABORATORY DIAGNOSIS OF MALARIA

The methods used in diagnosis of Malaria include the following:

· Microscopy
· Malaria Rapid Diagnostic Test (MRDT)

· Molecular Diagnosis

· Serology

· Indirect Florescence Antibody Test

· Quantitative Buffy Coat (QBC; Becton Dicknson)

Let us next describe the common methods in turn:

4.2.1 Microscopy
Malaria parasites can be identified by examining under the microscope a drop of the patient's blood, spread out as a "blood smear" on a microscope slide. Prior to examination, the specimen is stained with Romanovsky stain to give to the parasites a distinctive appearance. This technique remains the gold standard for laboratory confirmation of Malaria. However, making a correct diagnosis of Malaria based on microscopy depends on the quality of the reagents, of the microscope, and on the experience of the laboratory staff.

· Technique of Malaria microscopy

· Collect a blood specimen from the patient and spread it as a thick or thin blood smear.

· Stain the smear with a Romanovsky stain (most often Giemsa),

· Examine the slide with a 100X oil immersion objective. 

· Use visual criteria to detect Malaria parasites and to differentiate the various species when possible.

· Advantages of Malaria microscopy

Microscopy is an established, relatively simple technique that is familiar to most laboratory staff in endemic countries. In such areas, microscopy is a standard technique used for diagnosing other diseases such as tuberculosis. This is often done by the same laboratory staff using the same facilities and equipment.

· Disadvantages of Malaria microscopy

In many developing countries, Malaria microscopy is not reliable due to the following:

· Insufficient training and supervision of the microscopists.

· Over worked microscopists who may have limited concentration on    microscopy. 

· Poor quality of the microscopes and reagents.

· Unreliable supply of electricity.

·    Laboratory staff that are unfamiliar with Malaria and may miss the parasites      especially so in the non – endemic areas. 


4.3 PROCEDURES TAKEN IN THE COLLECTION OF SAMPLES FOR  

        MALARIA MICROSCOPY

Before discussing the procedure for collecting samples for Malaria microscopy, let us learn about the precautions you should take in taking blood samples. 

· Timing

· Ensure that you collect specimens before treatment is initiated.

· Prepare the patient before the procedure

· Obtain and examine blood smears with out delay whenever Malaria is suspected.

· Collect blood samples and prepare multiple smears and take them at 8 to 12 hour intervals for 2 to 3 days. This is because parasitemia may fluctuate.
4.3.1 Capillary blood obtained by a finger prick:

Below are the things you should do in collecting the capillary blood by finger prick:

· Label pre-cleaned slides with the patient’s name or other identifier and date and time of collection. Preferably use the ones with frosted ends.

· Clean the site well with 70% alcohol and allow drying.

· Prick the side of the pulp of the 3rd or 4th finger. The alternate sites include ear lobe, or in infants large toe or heel. 

· Wipe away the first drop of blood with clean gauze. 

· Prepare at least 2 thick smears and 2 thin smears. 

4.3.2 Venous blood obtained by venipuncture:

· Label collection tubes and pre-cleaned slides with the patient’s name or other identifier and date and time of collection. Preferably use slides with frosted ends. 

· Clean the puncture sites well with 70% alcohol and allow drying. 

· Collect the venous blood in a vacuum tube containing anticoagulant.  Alternatively, collect the blood in a syringe, transfer it to a tube with anticoagulant and mix well. Preferably use EDTA as your anti coagulant. 

· Discard the used needles and syringes in waste container.

· Prepare at least 2 thick smears and 2 thin smears soon after blood collection

4.4 PROCEDURE FOR MAKING BLOOD SMEARS FOR MALARIA     MICROSCOPY:

The thin smears consist of a single layer of red blood cells and are used in the identification of species of malaria parasites seen in the thick smear. The thick smear contains fragments of haemolysed red blood cells. .Any parasites present are concentrated in a smaller area than in the thin smear and so are more easily seen under the microscope.

4.4.1 Preparation of the slide

When you have recorded details of the patient in the appropriate forms or register, you should then make the blood smears as follows:
· Label the slide(s) in pencil or fine tip marker on the frosted end of the slide as shown below
	Laboratory Number:

Patient’s initials

Date

	


· Clean the middle or ring finger with cotton swab soaked in antiseptic of 70% alcohol.

· Dry the finger with dry cotton wool.

· Puncture the ball of the finger with a sterile lancet.

4.4.2 Preparation of thick blood smears.

Follow the steps below in making a thick blood smears:

· Apply gentle pressure on the finger and place a drop of blood in the centre of the slide. Spread it around the slide with a wooden stick or the corner of another slide to form an evenly spread the smear of about 1 cm in diameter.

· Allow the smear to air dry. Do not heat the slide, as this will damage the parasites.

· Protect the slide from flies and dust.

· Do not fix the thick smears.


4.4.3 Preparation of thin blood smears.

Follow the steps below in making a thin blood smear:

1. Place a smaller drop of blood at one end of the slide. Using a cover slip inclined at an angle of 45°, spread along the line of contact and create a feathered edge before reaching the other end of the slide.

2. Allow the smear to air dry in a horizontal position. Do not heat the slides, as this will damage the parasites. Avoid contact with any person or object.

3. Fix the thin smear by dipping it in or applying 100% Methanol for 30 seconds and then let it air dry. 

4.5 COMMON FAULTS IN MAKING BLOOD SMEARS:

A number of faults are common in making blood smears .These faults can affect the labelling, staining or examination of the slide. Sometimes one or more of these faults may occur at the same time. Next, let us learn what these common faults may be and how you should avoid them.

4.5.1 Badly positioned blood smears.

Take care to correctly site the blood smears on the slide. If they are not correctly sited, it may be difficult to examine the thick smear and portions of the smears may even be rubbed off during the staining or drying process. 

4.5.2 Too much blood.
After staining smears made with too much blood, the background to the thick smear will be too blue. There will be too many white blood cells per thick smear field, and these could obscure or cover up any Malaria parasites present.

If the thin smear is too thick, red blood cells will be on top of each other and it will be impossible to examine them properly after fixation.

4.5.3 Too little blood.

If you use too little blood to make the smears, there will be few white cells per field of the thick smear. The thin smear may be too small for use as a label.

4.5.4 Blood smears spread on a greasy slide.
The blood smears will spread unevenly on a greasy slide. This makes it difficult for you to examine the smear. Some of the thick blood smear will probably rub off the slide during the staining process.

4.5.5 Edge of the spreader slide chipped.
When the edge of the spreader slide is chipped, the thin smear spreads out unevenly, is streaky and has many tails. The spreading of the thick smear may also be affected.

4.5.6 Thin smear too big, thick smear in the wrong place.

If the thin smear is too large, the thick smears will be out of place and may be so near the edge of the slide that you cannot see it through the microscope. During staining or drying, portions of the thick smear will probably be scraped off by the edges of the staining trough or drying rack. It may be very difficult, or impossible, for you to position the thick smear on the microscope stage so that you examine it.

4.5.7 Other common faults.

Other common faults in preparation of thick and thin blood smears include the following:

· Flies cockroaches or ants eat the dry blood and damage the smears.

· Blood smears are made on badly scratched slides.

· The thick smear is allowed to dry unevenly.

· Auto-fixation of the thick smear occurs with the passage of time or through exposure to heat and staining then becomes difficult or unsatisfactory.

· Slides are packed together before all the thick smears are properly dried, and the slides stick to one another.

4.6 DIFFERENT METHODS OF STAINING BLOOD SMEARS FOR MALARIA FOR MICROSCOPY:


In discussing the different methods of staining blood smears for malaria microscopy, we shall make reference to the respective SOP for staining thick and thin blood smears for malaria parasites. The text that follows will take you through what you need to learn about staining the thick and thin films using different stains.

4.6.1 Staining of thick blood films with Giemsa. 

· Prepare fresh working solution daily from stock Giemsa using buffered water (pH 6.8 – 7.2) as shown in the table below.   

· Filter the stain before use.

· Use the dilutions indicated in the table below to make a final volume depending on how many slides you expect to stain that day.
Table 4/1: Giemsa stain dilutions

	Staining solution
	Volume of Buffer  
	Volume of stock solution
	Final volume

	10% Giemsa stain

To be used for routine thick and thin blood smears


	45 ml
	5ml
	50ml

	
	90 ml
	10ml
	100ml

	
	180 ml
	20ml
	200ml

	2% Giemsa stain

To be used for study thick and thin blood smears


	49 ml
	1ml
	50ml

	
	98 ml
	2ml
	100ml

	
	245 ml
	5ml
	250ml


· Flood the thick film with 10% Giemsa for 10 minutes.(For study smears flood with 2% Giemsa for 30 minutes)

· Wash off the stain with buffered water pH (6.8 - 7.2).
· Stand the slide to dry.

4.6.2 Staining of thin blood films with Giemsa.

· Fix thin blood smear in absolute Methanol for 2 minutes and allow it to air dry.

· Flood the thin film with 10% Giemsa for 10 minutes.(For study smears flood with 2% Giemsa for 30 minutes)

· Wash off the stain with buffered water pH (6.8 - 7.2).

· Stand the slide to dry.

4.6.3 Staining thick blood films with Field’s stain.

· Dip the dried blood film in Field’s stain A for 4 seconds.

· Rinse gently in clean water for 5 seconds.

· Dip the film in Fields stain B for 4 seconds.

· Rinse gently in clean water for 5 seconds.

· Place the slide upright in a draining rack to dry.

4.6.4 Staining thin blood films with Field’s stain

· Fix the film in absolute methanol for 2 minutes and allow drying.

· Dip the dried blood film in field stain B for 4 seconds.

· Rinse gently in clean water for 5 seconds.

· Dip the film in Field’s stain A for 4 seconds.

· Rinse gently in clean water for 5 seconds.

· Place the slide upright in a draining rack to dry.
4.6.5 Staining thick Blood films with Leishman

· Dilute the stain 1 in 3 with buffered water.

· Flood the smear with the diluted stain and leave to stain for 7 - 10 minutes. 

· Wash off the stain with buffered water for 2 minutes.

· Clean the back of the slide and set it to dry.

4.6.6 Staining thin blood films with Leishman.

· Place a prepared thin film on a staining rack.

· Flood the slide with Leishman stain (1ml) and leave for 2 minutes.

· Add 2 mls of buffered water (pH 6.8-7.2) to the slide and leave for 7-10 minutes.

· Wash off the stain with buffered water.

· Clean the back of the slide and set it to dry.

4.7 EXAMINATION AND REPORTING OF BLOOD SMEARS:

Since it takes almost 10 times as long to examine a thick smear, routine examination of the thin smear is not recommended. Only very few could be properly examined in a day’s work. However, the examination of the thin smear is recommended in the following circumstances:

· When it is not possible to examine a thick smear because it is too small, has become auto-fixed, or is un-examinable for some other reason.

· When it is necessary to confirm the identification of a species.

4.7.1 Examination of a thin blood smear

When you have to examine a thin smear, then you should do so in a systematic and standard way as follows:

· Place the slide on the mechanical stage.

· Position the ×100 oil immersion objective over the edge of the middle of the smear.

· Place a drop of immersion oil on the edge of the middle of the smear.

· Lower the oil immersion objective until it touches the immersion oil.

· Examine the blood smear, following the pattern of movement as shown by moving along the edge of the thin smear, then moving the slide inwards by one field, returning in a lateral movement and so on.


· Continue the examination for approximately 100 smears to determine whether the blood smear is positive or negative for Malaria. If doubtful diagnosis makes it necessary, you may examine more fields of up to 400 fields.

4.7.2 Examination of thick smear

Routinely it is thick smears that you will be examining. This is based on examination of 100 good fields. That is a slide can be pronounced negative only after no parasites have been found in 100 fields of the blood smear. If parasites are found, you should examine a further 100 fields before you make a final identification of species. This ensures that there is little possibility of a mixed infection being over looked.

The technique for you to follow in examination of a thick blood smear is as follows:

· Place immersion oil on the thick smear.

· Swivel the X100 oil immersion objective over the selected portion of the blood smear that is well stained, free of staining debris and well populated with white blood cells. If the smear is well made and of even thickness this should not present any problems as poorer quality smears may need to be quite extensively searched.

· Lower the objective so that it touches the immersion oil.

· Examine the slide for 100 oil immersion fields. Move the blood smear by one oil immersion field each time, following the pattern shown. Remember to use the fine adjustment for focusing.

· Use a tally counter to; count the fields as you examine them. You will also use this to help you carry out a parasite density count.

· Record your findings on the appropriate form at the end of examination. Your results should include a parasite count per 200 white blood tests.

4.8 CHARACTERISTIC FEATURES OF THE DIFFERENT SPECIES OF PLASMODIUM  PARASITES:  

In this section, we shall learn about the different Plasmodium species that cause Malaria in humans. Among medical professionals, the preferred method to diagnose Malaria and determine the species of Plasmodium causing the infection is by examination of a blood smear microscopically in a laboratory. The four human Plasmodium species include the following:

· Plasmodium falciparum

· Plasmodium malariae

· Plasmodium ovale

· Plasmodium vivax

Each species has distinctive physical characteristics that are apparent under a microscope as follows:
4.8.1 Plasmodium falciparum

In P. falciparum, only early trophozoites and gametocytes are seen in the peripheral blood. It is unusual to see mature trophozoites or schizonts in peripheral blood smears as these are usually sequestered in the tissues. The parasitized erythrocytes are not enlarged and it is common to see cells with more than one parasite in them. We refer to this as multiple parasitized erythrocytes. Occasionally, faint comma-shaped red dots are seen on the red cell surface called "Maurer's dots". The comma shaped dots can also appear as pear shaped blotches.

4.8.2 Plasmodium malariae

Microscopically, the parasitized red blood cell is never enlarged and may even appear smaller than normal red blood cells. The cytoplasm is not decolorized and no dots are visible on the cell surface. Cells seldom host more than one parasite. Band forms, where the parasite forms a thick band across the width of the infected cell, are characteristic of this species. Large grains of malarial pigment are often seen in these parasites. This is more so than in any other Plasmodium species. 

A schizont has 6 to 12 merozoites per parasitized red blood cell. On average these are usually 8.

4.8.3 Plasmodium ovale

The microscopic appearance of P. ovale is very similar to that of P. vivax and if there are only a small number of parasites seen, it may be impossible to distinguish the two species. There is no difference between the medical treatment of P. ovale and P. vivax, and therefore some laboratory diagnoses report "P. vivax and P. ovale". Schüffner's dots are seen on the surface of the parasitized red blood cell, but these are larger and darker than in P. vivax and are sometimes called "James's dots". About twenty percent of the parasitized cells are oval in shape and hence the species name. Some of the oval cells also have fimbriated edges. These are the so-called "comet cell". The mature schizonts of P. ovale never have more than twelve nuclei within them and this is the only reliable way of distinguishing between the two species

4.8.4 Plasmodium vivax

Microscopically, the parasitized red blood cell is up to twice the size of a normal one and fine pink Schüffner's stippling are seen on the cell's surface. The parasite within the cell is often wildly irregular in shape and is described as described as "amoeboid". Schizonts of P. vivax have up to twenty merozoites within them. It is rare to see cells with more than one parasite within them. Merozoites will only attach to immature blood cells the reticulocytes and therefore it is unusual to see more than 3% of all circulating erythrocytes parasitized.


4.9 REPORTING BLOOD SMEAR RESULTS

Malaria parasites may be reported in four different ways as below:

· Using Plus (+) sign to quantify the number of Malaria parasites seen for example as:
· High density 20>/parasites (+++), Medium density (2-19)/field (++) Low density1 (or less)/field (+)
· Calculation of parasite density

Count the number of asexual parasites per 200 WBCs 

If there are less than 10 parasites per 200 WBCs, continue counting until you reach 500 WBCs.  To calculate the parasite density, use the following formula: 

Number of parasites per 200 WBCs X 40 = asexual parasites / µl.

If there are few parasites, go up to 500 WBC’s and use the formula of:

Number of parasites per 500 WBCs X 16 = asexual parasites /µl. 

For you to conclude that a slide is negative for Malaria parasites, you must see no asexual parasites after counting 500 WBCs. Record whether any gametocytes were seen or not as Yes or No where appropriate.

· Parasites per field

Count the number of Malaria parasites per field. Establish the average. Report parasite count per field.
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Session 5: QUALITY ASSURANCE AND QUALITY CONTROL:



· Date: September 2006.

INTRODUCTION:

Welcome to our fifth session of the course on Quality Assurance and Quality Control. The purpose of Quality Assurance and Quality Control in laboratory practice is to provide test results that are accurate, relevant, reliable, timely and correctly interpreted. This is necessary to improve health services delivery. Implementation of QA in the laboratory helps to detect errors that may occur at pre-analytical (before analyses of samples), analytical (during analysis) and post analytic (after analyses of samples) stages. It is important that laboratory workers understand the common causes of errors, necessary steps to prevention them and enhance communications   

LEARNING OBJECTIVES:

By the end of this session, you should be able to:

1. Define common terms used in quality assurance and quality control

2. Describe the quality control measures that should be performed on reagents, equipment and laboratory test procedures

3. Explain how to implement Internal Quality Management 

4. Describe how one could participate in relevant External Quality Assessment Schemes

5.1 DEFINITION OF COMMON TERMS USED IN QUALITY ASSURANCE AND QUALITY CONTROL: 
The common terms used in Quality Assurance and Quality Control (QA/QC) include the following:

· Quality Assurance 

· Quality Control

Let us next define each of these terms at a time.

5.1.1 Quality Assurance 

Quality Assurance is the assembly of all planned and systematic actions necessary to provide adequate confidence that a product, process, or service will satisfy given quality requirements

QA aims at achieving the following:

· Looking at opportunities to improve performance.

· Maximizing use of available resources.

· Identifying root cause of problems rather than symptoms.

(i) Key elements of quality assurance  

Below is an outline of the key elements of Quality Assurance:

· Technical Competence

For quality to improve, you as the service provider must have the right knowledge, skills and attitudes for the laboratory tests to be performed.

· Effectiveness

The service provider and the organization as a whole should follow the norms and guidelines for all the procedure.

· Interpersonal Relations

Poor interpersonal relations within the organization destroy team work. It is difficult to improve quality without team work.

· Efficiency

An efficient service produces best results within the available resources Continuity

· Continuity
Continuity in QA means providing all the range of services within the means of the laboratory.

· Safety

A quality service should be devoid of all preventable hazards. By this it is made safe for both the service provider and the clients or the patients.

5.1.2 Quality Control 

Quality Control is management tool that maintains the standard of laboratory results and ensuring that the standards are reproducible, tests are performed reliably and reported correctly and reaches the consumer promptly to influence clinical decision making.  

5.2 QUALITY CONTROL MEASURES ON REAGENTS, EQUIPMENT ANDN LABORATORY TEST PROCEDURES: 

We can refer to Quality control measures on reagents, equipment and laboratory test procedures as internal quality management. Internal quality management deals with the organization of the laboratory and testing process to produce the desired results. These include the following:

· Patient preparation and specimen collection

· Provision of appropriate supplies and equipment

· Specimen processing.  

· Recording, interpretation and reporting of results and record keeping.

· Use and maintenance of equipment (microscopes and balances).

For the implementation of internal quality management in the laboratory set up, please refer to the session 4 “Laboratory Diagnosis of malaria and session 3 Reagent, staining and storage preparation respectively”. 

5.2.1 Patient preparation and specimen collection

· Training:

The laboratory worker should up-dated by attending continuing professional development training, competency based training and publications. 

5.2.2 Management quality in the laboratory 

Internal Quality Management should be supervised by a senior laboratory professional assigned the laboratory management. The laboratory management should enforce the accessibility and use of SOPs at the work stations.   

5.3 IMPLEMENTING INTERNAL QUALITY MANAGEMENT:

Study the contents of the table below that gives you an outline of the laboratory quality indicator measurements for effective quality of service in your health laboratory unit. 

Table 5/1: Internal Quality Control Indicators

	Laboratory Quality Indicator Measurements



	
	Description of Quality Task
	Tools/checklist used

	1. 
	Task scheduling and establishment of performance frequency 
	1. Laboratory calendar 

	2. 
	Input and output management
	1. Inventory management tools

2. Duty roster

3. Data management tools

	3. 
	Process management 
	1. Flow mapping 

2. SOPs

	4. 
	Continuous process improvement  
	1. PDCA tool

2. Quality improvement checklist 

	5. 
	Quality indicator measurement 
	1. Temp chart

2. J-L chart

3. Balanced-score sheet

4. Daily maintenance  




5.4 RELEVANT EXTERNAL QUALITY ASSESSMENT SCHEME (EQA)

This can be defined as a process of ensuring quality laboratory results through an external agency. This external agency should be a higher laboratory level unit.   

5.4.1 Common External Quality Assurance implementation schemes:

The common implementation strategies of External Quality Assessment Scheme (EQAS) consist of:  
· On-site evaluation
· Panel testing/proficiency testing (PT) 
· Re-checking (RC) 
Let us next explain how you can implement each of these strategies in you health facility laboratory unit in turn:

(i) On-site evaluation

Identifying process problem as they occur or during supportive supervision by higher authority. Solutions to identified problems should be implemented, checked and evaluated.  

(ii) Proficiency Testing

A higher and specialized laboratory prepares panels of known materials. The participating laboratories perform the test using their routine SOPs. The organizing laboratory evaluates the results of the participating laboratories and sends back performance report. The organizing laboratories also suggest corrective actions to the laboratories that fail the quality assessment. 

(iii) Re-checking 

An agreed percentage of slides that were read in the peripheral laboratories were send to a higher and specialized laboratory for re-reading. The specialized laboratories assess the quality of slides and the technician microscopic skills and suggest means of improving the identified gaps. 

5.4.2 Objectives of External Quality Assessment Schemes 

The list below gives us the relevant objectives for you to refer to in implementing External Quality Assurance Schemes in your health facility laboratory unit:

· Guide laboratories in corrective action and continuous improvement
· Provide continuous education to laboratory staff on standard diagnostic methods
· Raise awareness of the successes and challenges in laboratory practice 
· Provide information for advocacy
· Data for identifying strategies for improvement of laboratory competencies
· Planning and evaluation of laboratory training
· Communication networks among laboratories
· Information for advocacy
For you to effectively implement Internal Quality Management, you will to go through the following five steps as:

· Define the problem

· Plan the EQA

· Implement the EQA

· Follow up the EQA

· Review and plan strategically

The figure below describes how you ascertain active involvement and integration of EQA strategies in your health laboratory. 
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5.4.3 Corrective Action 

· Corrective Action is targeted to specific participating laboratories that have failed the EQA.  
· The corrective action has technical improvement exercise linked to the problems identified 
· The exercise aims to guide the laboratory staff in identifying the cause of the unacceptable results and correct the problem 
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Session 6: PERFORMING AND READING AN RDT:




INTRODUCTION:

Welcome to Session 6 on “Preparing and reading an RDT.”  RDT stands for Rapid Diagnostic Test for malaria.  RDTs are useful to test patients for malaria, especially in areas where blood smears and microscopes are not available.  RDTs detect the presence of malaria parasites in the blood. RDTs are called “rapid” because they give results within 15 minutes. RDTs have been studied and shown to be very accurate in areas around Uganda.

This session will provide you with the knowledge and skills to correctly and safely use RDTs to test patients for malaria.

LEARNING OBJECTIVES:

By the end of this session, you should be able to:

1. Describe an RDT and how it works

2. Briefly describe the different types of RDTs

3. Perform an RDT correctly and safely

4. Read an RDT accurately and record the result as positive or negative

5. Describe common mistakes in using RDTs
6. Describe the safe handling of blood and sharps in RDT use.

6.1 DESCRIPTION OF RDTs – HOW DO THEY WORK?

RDTs are diagnostic tests that detect malaria in blood.  The presence of malaria parasites in a person’s blood is the cause of the fever and other symptoms we associate with malaria illness.

What do RDTs detect?

In the blood, malaria parasites make molecules called antigens.  It is these antigens that RDTs detect.  If a person is infected with malaria parasites, the parasites produce antigen in his or her blood, and the RDT result will be positive.  If there are no parasites in the blood, the RDT result will be negative.

How do RDTS work?

RDTs contain molecules called antibodies.  Antibodies fit together, or bind, with antigens.  If the malaria antigen is present in the blood, the antibodies in the RDT can bind to it.


After we apply a drop of blood to the RDT, we add a special liquid called buffer.  Buffer carries the blood, along with antigen if present, and the antibodies, along the length of the RDT.
If antigen is present in the blood, and the antibodies in the RDT bind to it, the combination of antigen + antibody is trapped at the test line (position T).  This gives a positive RDT result.
If there is no parasite antigen the antibodies have nothing to bind to, and they do not form a test line.  This gives a negative RDT result.

The RDT also contains special molecules that are trapped at the control line (position C) if the buffer and blood have reached the end of the test strip.  The control line tells us whether the RDT has worked correctly.  All completed RDTs should show a control line.  If we do not see a control line, the RDT result is invalid.  In this case, we must repeat the patient’s test with a new RDT.


6.2 TYPES OF RDT

There are different types of RDTs that detect different malaria parasite antigens.  The two main types of RDTs detect antigens called histidine-rich protein 2 (HRP2) and plasmodium lactate dehydrogenase (pLDH).  You may see RDTs detecting either of these antigens.  Each brand or type of RDT has slightly different instructions for how to perform and read the tests.  For now, let us focus on the RDT that will be used in this training.

The RDTs we shall use here detect HRP2.  HRP2 is produced by Plasmodium falciparum, the most common and most dangerous type of malaria parasite in Uganda.  This RDT has been studied carefully in Uganda and shown to be very accurate in diagnosing malaria.  At this time it is the choice of the Malaria Control Program of the Uganda Ministry of Health.

6.3 PERFORMING AN RDT

For this part of the session, we will use the WHO picture guide.  The picture guide has step-by-step instructions showing how to perform an RDT.  The steps are listed here, along with some additional tips for some of the steps:

Before you begin, collect:
· NEW unopened test packet

· NEW unopened spirit swab (alcohol swab)

· NEW unopened lancet

· NEW pair of disposable gloves

· Buffer

· Timer
Step 1:  Check the expiry date on the test packet.

Step 2:  Put on the gloves.  Use new gloves for each patient.

Step 3:  Open the packet and remove: test, loop, and desiccant sachet.

Extra tip for step 3:  Each RDT packet contains a “desiccant sachet,” which keeps the RDT dry until the packet is opened.  The desiccant in our RDT packets should be blue.  If the desiccant is purple, pink, or white, it means the test packet has been damaged.  If the desiccant is not blue, throw away the test and open a new RDT packet.

Step 4:  Write the patient’s name on the test.

Extra tip for step 4:  We will write the patient’s name and OPD number on the test.  Pencil works best for writing on the RDTs.

Step 5:  Open the spirit swab (alcohol swab).  Grasp the 4th finger on the patient’s left hand.  Clean the finger with the spirit swab.  Allow the finger to dry before pricking.

Extra tip for step 5:  After cleaning the patient’s finger, allow it to air dry.  Do not blow on the finger or wipe it – these actions make the finger dirty again.

Step 6:  Open the lancet.  Prick patient’s finger to get a drop of blood.

Extra tip for step 6:  When pricking the patient’s finger, squeeze the tip of the finger with your own fingers and prick the side of the fleshy part.  This is less painful than pricking in the middle or at the tip.  Prick hard enough so that a drop of blood quickly appears on the skin.

Step 7:  Discard the lancet in the sharps box immediately after pricking finger.  Do not set down the lancet before discarding it.

Step 8:  Use the loop to collect the drop of blood.

Step 9:  Use the loop to put the drop of blood into the square hole at position A.

Extra tip for step 9:  Hold the RDT flat on the table top with one hand.  With your other hand, carefully place the blood drop on the pad at position A.  It is important to work quickly enough that the blood does not clot, but carefully so that all of the blood is absorbed into the pad.  If most of the blood is accidentally wiped on the plastic edges of the well, the test will not work correctly.

Step 10:  Discard the loop in the sharps box.

Step 11:  Put six (6) drops of buffer into the round hole at position B.

Step 12:  Wait 15 minutes after adding buffer.

Step 13:  Read test results.  Note:  Do not read the test sooner than 15 minutes after adding the buffer.  You may get false results.

Extra tip for step 13:  Check the time just after you add buffer to an RDT, and write the time on the RDT.  Before you read the RDT, check the time again to be sure that at least 15 minutes have passed. 

6.4 READING AN RDT
For this part of the session, we will again use the WHO picture guide.  We shall also use example results in the WHO training photographs and quiz, and actual RDTs.

See point 14 on the WHO picture guide:

The RDT is positive if there is one red line at position C and one red line at position T.  This means the patient does have P. falciparum malaria.  The test is positive even if the red line at position T is faint.

The RDT is negative if there is one red line at position C and NO red line at position T.  This means the patient does not have P. falciparum malaria.

The RDT is invalid if there is no line at position C.  This means the test is damaged.  Even if there is a line at position T, if there is no line at position C it means the test is damaged.  The results are invalid (false).

Immediately after you read the RDT, record the result in the patient’s record.  Use the following symbols, and write clearly:

If the RDT is positive, write:    RDT- Pos
If the RDT is negative, write:   RDT –Neg
If the first test result is invalid, you should repeat with a new RDT.  Then record the new test result in the patient’s record.  We shall discuss the importance of each test result in more detail in Sessions 3 and 4.

6.5 COMMON MISTAKES IN USING RDTs

With attention and practice, you will soon be very skilled at preparing and reading RDTs.  Here are some common mistakes to watch out for:

· Do not open an RDT packet until you are ready to use it for a patient.  Each RDT should be removed from its sealed packet at the time you are ready to use it. If a packet has been open for some time before the RDT is used, the RDT may give an invalid (false) result.

· Do not put down the lancet on the table after pricking the patient’s finger.  Put the lancet immediately into the sharps container.  If you put it on the table, you or someone else may accidentally be pricked with it.  Accidental pricks with used lancets can spread HIV, hepatitis viruses, and other diseases.

· Carefully collect the correct amount of blood and place it neatly on the pad at position A.  The RDT may not work properly if you use too little or too much blood, or if the blood is not absorbed into the pad.
· Hold the bottle of buffer vertically over position B and add exactly 6 drops of buffer.  The RDT may not work properly if you use too little or too much buffer.
· Be sure to wait at least 15 minutes after adding buffer, before you read the RDT.  Reading the RDT too soon can give a false result.
· Remember to check for the control line.  If there is no control line, the RDT has not worked properly and the test result is invalid (false).
6.6 SAFE HANDLING OF BLOOD AND SHARPS
Correct handling of blood and sharps is very important for your safety and for the safety of your co-workers and patients.  Safe handling involves protecting yourself and others from exposure to diseases that may be carried and transmitted by blood.  Remember:

· Always wear gloves when working with blood, or with items that have touched blood.  (This includes used alcohol swabs and cotton swabs.)

· Put the lancet into the sharps box immediately after using it.  If you put down the lancet after using it, you or someone else may accidentally be pricked with it.  Dirty lancets can spread HIV, hepatitis viruses, and other diseases.

· Never use a lancet on more than one person.  Used lancets can spread HIV, hepatitis viruses, and other diseases.  Even if you wash or clean the lancet, it still may carry disease.

· Never put the lancet into the regular waste container – only use the sharps box.  If you put a used lancet with normal waste, anyone who handles the waste may be pricked and exposed to disease.

· Put the blood loop into the sharps box immediately after the transfer of the blood to the test cassette.  The loop may also carry blood-borne diseases.
· After you have read the RDT and recorded the result in the patient’s record, put the RDT into the waste container.  The RDT should be disposed of with the rest of the medical waste from the health centre, including used gloves, used spirit swabs (alcohol swabs) and other items.  For example, many health centres discard waste in a garbage pit.  The pit should be in a place where children and animals cannot easily reach it.
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SUMMARY:





We have now come to the end of our session on Good Laboratory Practices. In this session we learnt that the purpose of Good Laboratory Practice is to promote the development of quality test data and to provide a managerial tool to ensure a sound approach to data management. These include conduct, reporting and record keeping. Good Laboratory Practice guarantees the reliability and integrity of laboratory tests results reporting and the traceability of data.





By this session therefore, we encourage you to practice the elements of GLP in order to improve the quality of laboratory services in your health facility and the entire community around you.





Session 2: MICROSCOPY


Content:


Introduction


Learning objectives


Definition of Microscope


Different types of microscopes


Other major equipment used in the diagnosis of Malaria


Essential parts of a microscope


Installation and operation of a microscope


Care and maintenance of a microscope


Examination of blood films using the microscope.


Summary


References
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SUMMARY:





We have come to the end of our session on microscopy. In this session, we learnt that as Laboratory workers, you should ensure proper use and maintenance of the microscope. We also learnt that there are two major types of microscopes namely light and electron microscopes. Light microscope can also be referred to optical microscope. The different types of light microscopes include: Brightfield, Darkfield, Phase contrast, and fluorescent microscopes.





The essential parts of a light microscope are; eyepieces, body tube, nosepiece, objectives, mechanical stage, condenser, coarse and fine adjustment knobs, plus the light source. You should install your microscope on a study level table in a place free from vibrations, water chemicals and dust. 





Finally, we learnt that microscopes can develop faults. You should always identify these faults as soon as possible and have them fixed accordingly. The trouble-shooting guide will help you to identify and solve common problems of the microscope. You should therefore make reference to it whenever you have a problem with your microscope.





Session 3: THE PREPARATION, AND STORAGE OF  


                    REAGENTS FOR MALARIA MICROSCOPY 


Content:


Introduction


Learning objectives


Definition of a reagent.


Procedure for preparing specific reagents for Malaria microscopy.


Information required on the label of a newly prepared reagent for    


         Malaria microscopy.


Storage of specific reagents for Malaria microscopy


Summary
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Methonal is toxic and highly flammable. Therefore, handle it with care. Use it well away from an open flame.





Giemsa stain will be spoilt if water enters the sock solution during its preparation or storage.





Always keep accurate records of all chemicals and reagents prepared in your laboratory.


Write labels in permanent ink














SUMMARY





We have come to the end of our session on preparation, labelling and storage of different reagents for Malaria microscopy 


We learnt:


the preparation of the four commonly used stains and buffers in malaria microscopy


the importance of proper labelling and storage of reagents used in malaria microscopy


the importance of evaluating the quality of the reagents





The quality of the prepared reagents is determined by proper preparation, labelling and storage. 





Session 4: LABORATORY DIAGNOSIS OF MALARIA





Content:


Introduction


Learning objectives


Composition of blood


Procedures taken in the collection of samples for Malaria 


         microscopy.


Procedures for preparation of blood smears for malaria microscopy 


Common faults in making blood smears 


Procedure for staining of blood smears for malaria microscopy


Describe the microscopic diagnosis of malaria


Characteristic features of the different Plasmodium species.


Different methods of reporting blood smear results for malaria parasites.


Summary


References








Proper preparation of blood slides ensures easy reading.





Ensure that a good thick blood smear allow a print to be read through.





Ensure that a good thin blood smearsmear has a smooth conical tail and that it covers two thirds of the slide.





Gametocytes are not the asexual forms of the parasites. 





A blood smear assists you to comment on the morphology of the white blood cells and enables you to look for the abnormalities.





SUMMARY:


We have come to the end of out session on Laboratory diagnosis of Malaria. We learnt that Laboratory diagnosis of Malaria in nutshell is a high quality systemic process that involves collection of blood samples, making the smears, staining the smears and, being able to identify Malaria parasites under the microscopy. 





We also learnt about the characteristics of different plasmodium species. Each species has a distinctive physical feature that is apparent under a microscope. The four species of Plasmodium included P. falciparum, P.ovale, P. malariae and P. vivax.  Lastly we learnt that it was also important for us to establish characteristics of other haematological findings. A normal blood smear is typically full of red blood cells, with occasional white blood cells and many platelets. We emphasised the need for you to look out for and comment abut the morphology of the white blood cells. The white blood cells that we described included Neutrophils, Eosinophils and basophils.








Session 5: QUALITY ASSURANCE / QUALITY CONTROL


Content:


Introduction


Learning objectives


Definitions of common terms used in Quality Assurance and Quality Control


Quality Control measures on reagents, equipment and laboratory test procedures.


Implementing Internal Quality Management.


Relevant External Quality Management schemes


Summary


References








SUMMARY:





We have come to the end of our session on Quality Assurance and Quality Control. In this session we learnt that Quality Assurance is the summation of all activities being carried out in an organization to improve performance. We also learnt that Quality Control on the other hand aims at establishing performance standards for each test procedures, reporting results accurately and clearly.





By this session therefore, we encourage you to put into apply and sustain the practice of ensuring Quality Assurance and Quality Control in your health facility laboratory.





Session 6: PERFORMING AND READING AN RDT





Content:


Introduction


Learning objectives


Description of RDTs and how they work


Types of RDTs; 


Performing an ADT; WHO picture guide


Reading an RDT; WHO picture guide


Common mistakes in using RDTs


Safe handling of blood and sharps


Summary
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SUMMARY:


We have come to the end of our session on “Performing and reading an RDT.”  We reviewed how RDTs detect malaria parasite antigen in the blood of infected patients.





We learned and practiced the steps to perform and read RDTs correctly and safely. Remember:  Safe handling of blood and sharps is a very important part of the correct use of RDTs.  Always wear gloves when working with blood – and always put lancets and blood loops into the sharps box immediately after use.








PAGE  
8
Course: Malaria diagnosis using microscopy and RDTs: Trainee’s handout

