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ABSTRACT

Background: Tuberculosis (TB) and malana are endemic and are major
public health burdens in Nigeria. Sputum smear microscopy for AFB and
malaria microscopy are i1mportant for laboratory diagnosis and
management of TB and malaria respectively. The World Health
Organization has recommended the integration of malara microscopy
Quality Assessment (QA) with that of other microscopically diagnosed
diseases, but there is no published evidence about the feasibility of
implementing this policy in a resource poor setting in sub-Saharan Africa.

Hypothesis: It 1s feasible to develop a model Quality Assessment (QA)

system for malaria microscopy built on the existing TB microscopy QA
system, 1n the context of the Nigerian health system.

Objectives: To assess the feasibility of linking malaria microscopy quality

assessment 1nto the existing AFB microscopy quality assessment system in
Kano, Nigena.

Materials and methods: Five TB microscopy centres were selected for
implementing the integrated TB and malaria microscopy QA scheme in the
state. A model system was designed based on the Lot Quality Assurance
System for selecting and blinded rechecking of TB and malaria slides from

these laboratores. Supervision and evaluation was conducted at 3 monthly
intervals for 24 months.

Results: Microscopy tests made up 21% of the laboratory tests conducted
in one year in Kano state. The proportion of malaria and AFB microscopy
among the microscopy tests was 35.1% and 27.2% respectively. To
implement the model the five laboratories selected for implementing TB
and malara microscopy quality assessments had at least one microscope
and two microscopists covering both TB and malaria. Full integration of
the QA for TB and malaria microscopy was achieved in two laboratories,
and partial integration in two other laboratories. The system improved the
quality of TB and malaria microscopy results, particularly specificity. The
average specificity of TB microscopy from the five laboratories increased
from 80% to 97.9% and for the two laboratories in which malaria
microscopy QA was fully integrated it increased from 76.0% and 66.7% to
100%. The average specificity of malaria microscopy from the two
laboratories increased from 77.8% to 80.0%. On average, the concordance

rate of TB microscopy results increased from 81% at baseline to 91.0% at
the final assessment. For malaria microscopy the concordance rate

increased from 69.2% at the baseline, to 83.3% at the final assessment in
one laboratory, but decreased from 100% to 83.3% in the other laboratory
due to 16.7% false positive results. Increases in the concordant TB and

X1X



malaria microscopy results were positively associated with the ability of
the laboratories to prepare and stain the TB and malana shdes. There was a

decreased false positivity and false negativity rates of TB microscopy
results 1n all the five laboratories.

Conclusions: It is feasible to integrate the QA system for TB and malana
microscopy and the assessment improved the quality of both services.
However, a lot of advocacy is needed to engage all the relevant
stakeholders and the integrated system needs testing out in different

settings 1n order to be able to develop sound recommendations to guide the
complex scaling up process.

XX



CHAPTER 1

1.1 Introduction

This project aimed to design, implement and evaluate an integrated system for assessing
and improving the quality of Acid Fast Bacilli (AFB) and malaria microscopy services
in Kano state, Nigeria. Tuberculosis (TB) and malaria are endemic and are major public
health burdens in Nigeria. Sputum smear microscopy for AFB and malaria microscopy

are 1mportant for laboratory diagnosis and management of TB and malaria respectively
(Mundy et al, 2002; WHO, 2006).

In response to the tuberculosis and malaria burdens, the Federal Government of Nigerna
established the National Tuberculosis and Leprosy Control Programme (NTBLCP) and
the National Malania Control Programme (NMCP) as appropriate health intervention
strategies for TB and malaria with specific objectives and goals towards achieving part
of the Millennium Development Goals (MDG). The National Tuberculosis Control
Prograrnﬁle has a system of Quality Assessment (QA) for TB microscopy which 1s
currently 1mplemented and managed by the Programme in collaboration with donor

agencles. In contrast, the Malaria Control Programme has no system in place for the

EQA of malaria microscopy in the country.

The WHO has recommended the integration of malaria microscopy QA with that of
other microscopically diagnosed communicable diseases in order to enhance the
accuracy of microscopic diagnosis of malaria especially in malaria endemic regions of
the world (WHO, 2005a). However, the feasibility of the integration will depend on
many factors, which can be determined through a situation analysis for scaling up the
QA system. A review of the feasibility of linking disease control activities of malaria
with other disease control activities such as elimination of lymphatic filariasis,

onchocerciasis and schistosomiasis in low income countries, in order to accelerate



progress towards achieving the Roll Back Malaria (RBM) targets (Molyneux and
Nantulya, 2004) concluded that linking the well funded malana control programmes to

other community directed health initiatives could greatly accelerate progress towards
achieving the RBM targets. To our knowledge, the feasibility of integrating malaria
microscopy Quality Assessment (QA) with that of other microscopically diagnosed

communicable diseases has not been formally investigated. This project therefore aimed

to design, implement and evaluate the feasibility of a model system for assessing and

improving the quality of integrated AFB and malaria microscopy services in Kano state,

Nigena.

1.2 Background to the research project

High quality, effective laboratory services are essential for the diagnosis, management
and control of tuberculosis and malaria diseases because accurate laboratory diagnosis

plays a key role in the identification of the target population, risk stratification,

implementation of targeted interventions, and tracking clinical outcomes.

Poor quality laboratory services lead to a poor clinical outcome, more hospital

admissions and complications, and increase morbidity related to chronic illnesses

(Emons, 2001). In developing countries especially those like Nigeria where patients pay
for the laboratory tests, poor quality results also waste patients’ scarce resources and
those of the health service, and serve as sources of misleading public health
information. Incorrect laboratory diagnosis of malaria, for example, leads to high rate of
over-diégnosis and over-treatment of malaria (Amexo et al, 2004). Antimalarial
treatment of many patients without malaria often leaves them untreated for the true
cause of their illness. This results in prolonged and worsening illness, reduced
productivity and school attendance, unnecessary purchase of drugs and toxicity, and

economic opportunity costs of clinic visits (Barnish ez al, 2004).



If the laboratory diagnosis of TB is unreliable, all other activities of the TB control

programme will be affected. Microscopy errors are likely to result in failure to detect
persons with infectious tuberculosis who will then continue to spread infection 1n the
community. Left untreated, a person with infectious tuberculosis infects an average of
10-15 persons a year (Maher, 1999). Wrong TB microscopy results (false positive) may
result In an unnecessary treatment for “non-cases”. Errors in reading follow up sputum

smears can also result in patients being placed on prolonged treatment, or re-treatment,

or 1n treatment being discontinued prematurely.

Service quality in medical laboratories is influenced by a number of variables. They
mclude the pre-analytical processes such as specimen collection, handling and storage,
analytical procedures and post-analytical phases of the diagnostic process such as
record keeping. In order to achieve the required quality in laboratory diagnosis, a
national programme that supports, trains and monitors the testing performance of
individual laboratories is required (APLH, 2002). A continuous system of quality
assurance needs to be established within the programme comprising the internal quality

control, participating in an external quality assessment schemes and the application of

quality improvement measures (Paramasivan, 2003; Hertzberg et al, 2006).

One of the methods of QA involves sending samples on a regular basis to the
participating clinical laboratories which they test as if they had come from patients.
Results are returned to QA centres which provide a report that compares the
participant's performance with that of all laboratories and/or groups of laboratories
using the same test method(s). The results provide information on the quality of
laboratory services provided in health facilities, and can be used as a regulatory tool for
accreditation and registration purposes. In addition, the results can give an indication of
specific laboratory activities that require remedial action. The QA exercise also

provides a useful source of continuing education for the participants because the



materials used for the feedback can be stored and re-examined after the results are

returned.

1.3 Justification of research question and objectives

The published laboratory QA schemes used in industrialized countries (Plebam, 2002)
are not appropriate for laboratories in low-income countries because they are based on
the assumption that the laboratory methods are generally automated and communication
and transport systems are reliable. Developing countries need to have a broad and

flexible approach to quality monitoring systems for laboratory services (Mundy et al,

2002). My project was designed with a significant degree of flexibility so that 1t would
suit the local health system in Nigeria. The study aimed to produce a model quality
assessment system together with a proposal for implementation in the health facilities
within the state, and possible scale up across the country. The model will contribute to

recommendations to state health administrators about the mechanisms and support

systems necessary to provide sustainable high quality laboratory diagnosis of

tuberculosis and malana.

1.4 Hypothesis, aim and objectives of the project

The hypothesis of this project 1s that it is feasible to develop a model QA system for
malaria microscopy from the existing AFB microscopy QA system, in the context of the
Nigenan health system. Because of limited human resources and logistic support such
as transport and communication, 1t may be beneficial to integrate QA process for
malania and TB microscopy. In an integrated system, activities such as monitoring

visits, slide sampling and re-reading, and feedback mechanisms could be combined for

malana and TB microscopy.



This project aimed to design, implement and evaluate an integrated model system for
quality assessing and improving TB and malaria microscopy services in Kano State,

Nigena.

1.5 Specific Objectives

1. To conduct a baseline assessment of medical laboratory service in Kano state to
1dentify the laboratory administration, types of tests conducted and related workload,
number, categories and distribution of laboratory personnel, state of basic equipment,
safety 1ssues, test procedures and methods of quality control and how these relate to TB

and malaria microscopy in public health facilities in the state.

2. To compare the existing laboratory services in Kano with the recommendations of
the national medical laboratory policy (FMOH, 2007) in order to identify the

conformities and any deviations from the national policies and to identify the major

constraints on the existing medical laboratory services for TB and malaria microscopy

in Kano.

3. To design, implement and monitor quality assessment of TB microscopy followed by

a systematic development and integration of malaria microscopy quality assessment

into the TB microscopy quality assessment system.

4. To evaluate the impact of quality of TB microscopy and malaria microscopy services

In the laboratories involved in the integrated system.

5. To assess the feasibility implementing of the proposed integrated system in the rest

laboratories in Kano state and make recommendations about its sustainability at state

level and national scaling up.



1.6 Project Design

A considerable degree of flexibility was made in the project design in order to
accommodate inputs from the local stakeholders of laboratory services in Kano state.
For 1nstance the selection of project sites and the methodology of data collection were
made 1n close consultation with laboratory staff and health administrators in Kano state.

This was done in order to ensure that the project plan would be workable in Kano state

health system. The project was conducted in three phases:

Phase 1: Apnil 2005 - December 2005

e (Consultation with officials of the Kano State ministry of health and senior

laboratory scientists, modifications of project design, selection and

modification of methods and instruments for data collection.

e Baseline assessment of laboratory services in public health facilities in Kano

State.

o Selection of laboratories for project implementation in Kano State.

e OSituation analysis of TB and malaria microscopy services in the selected

laboratones.

o Determining the baseline qualities of TB and malaria microscopy in the selected

laboratones.

* Development and piloting of a feedback mechanism on the quality of TB &

malana microscopy in the selected laboratories.

 Project review and finalization of QA design and project planning and

modification of intervention strategies (September - December 2005).

Phase 2: January 2006 — March 2007

* Implementation and monitoring of the QA of TB microscopy using blinded re-

checking technique in the selected laboratories (January 2006 — January 2007).



e Development and integration of malaria microscopy quality assessment into the

existing TB microscopy quality assessment system (October 2006 to March
2007).

Phase 3: March 2007 — April 2007

e Project Evaluation: Evaluation of the impact of the implementation of the
quality assessment system and the analyses of variables such as sputum smear /
blood film preparation and staining that may be associated with the quality of
TB and malaria microscopy.

o Comparnson of the final assessments of results agreement, quality of smears /
blood films, quality of staining, sensitivity and specificity were compared with
the baseline results in order to identify the areas of improvement or otherwise.

e Evaluation of the success of the integration of TB and malaria QA system in the

selected laboratories.

1.7 Thesis presentation

This thesis is presented in eight chapters. Chapter 1 presents an introduction to the
research question, aim and objectives, outline of the project design and a brief

description of the contents of each of the thesis chapters.

In Chapter 2, is a literature review which presents an overview of the disease burdens
due to tuberculosis and malaria globally is presented. The importance, principles and
methods of assessing the quality laboratory tests are discussed with a focus on
tuberculosis and malaria. A review of external quality assessment (EQA) systems for
1B and malaria in developed countries and in some African countries is presented. The

feasibility of integrating the QA systems for TB and malaria under control programme
condition is highlighted.



Chapter 3 provides the country context for the project and presents a brief background

to Nigeria together with the description of the disease burden of TB and malana 1n
Nigeria. The Nigerian policies, strategies different levels of control and laboratory
services in tuberculosis and malaria are discussed. A summary of the general situation

of TB and malaria diagnostics in the context of Kano state 1s presented.

In chapter 4, a detailed method for conducting the baseline assessment medical
laboratory service in Kano state is presented. Detailed accounts of the strategies in
developing and implementing an EQA system for TB and malaria microscopy are

presented. The methods of data collection, analysis, results presentation and project

evaluation are descnibed.

In chapter 5, results of the baseline assessment of laboratory capabilities in Kano state
are presented and compared with the recommendations of the draft national medical
laboratory policy to identify the conformities and any possible deviations from the
national policies and the major constraints of the existing medical laboratory services in

Kano. A summary of the situations for TB and malaria microscopy services in Kano

state 1s presented.

In chapter 6, results of the quality assessment of TB and malaria microscopy services in
five laboratories are presented. The process of the strengthening of the quality
assessment system for TB microscopy and the development of TB — Malaria
microscopy integrated QA system are presented. Evaluation of the results is presented
as a companson of the indices of quality assessment before the commencement of this
project (baseline) and at the end of the project (final assessment) as well as the success

and difficulties of integrating the TB and malaria QA scheme in the selected
laboratories



Chapter 7 presents the discussion of findings of this project. The discussions are

presented in three sections: baseline assessment of laboratory services in Kano;
implementation and monitoring of quality assessment of TB microscopy using blinded
re-checking technique in the selected laboratories and systematic development and

integration of malaria microscopy quality assessment into the existing TB microscopy

quality assessment system; evaluation of the impact of QA on quality of services in

AFB and malaria microscopy in the selected laboratories.

Chapter 8 presents a review of the project according to the specific objectives of this
study. The main findings under each of the five objectives are presented together with

the achievements and difficulties encountered conclusions and recommendations on its

implementation at the state level and possible national scaling up. Some suggestions for

modifying the national laboratory policy are also given.
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CHAPTER 2

LITERATURE REVIEW

2.0 DISEASE BURDEN, CONTROL STRATEGIES AND LABORATORY
SERVICES FOR TUBERCULOSIS AND MALARIA

2.1 Introduction

Malana, tuberculosis (TB) and HIV/AIDS are major public health burdens in low-
Income countries such as Nigeria. Although these diseases can be prevented, treated and
controlled, they kill more than six million people every year (The Global Fund, 2004).
It 1s an object of the MDGs to halt and begin to reverse the incidence of malaria, spread

of HIV/AIDS and to promote tuberculosis case detection and cure under the Directly-
Observed Treatment Short Courses policy (DOTS) (UNDP, 2006).

2.2 The burden of tuberculosis

Tuberculosis 1s a leading cause of disease and death globally, with approximately 2
billion people infected, causing 2 million deaths annually. TB is the seventh leading
cause of death worldwide, second only to HIV/AIDS among infectious diseases (Keeler
et al, 2007). Between 1990 and 1997, the number of new TB cases increased from 7.5

million to 8 million cases. Currently there are 8.4 million new cases of TB worldwide

(Kim et al, 2007), 95% of which are in developing countries. In these regions, disease
and death from TB occur mostly in the economically active segment of the population.
The case numbers continue to rise in much of the sub-Saharan Africa, where HIV is
endemic. In Eastern Europe there is an increasing burden of TB, which is associated
with poor treatment outcomes due to multi drug resistance (MDR) (Keeler et al, 2007).
The global burden of TB amounts to approximately $12 billion annually. Tuberculosis

kills more women annually than all the causes of maternal mortality combined (Kim et
al, 2007).
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2.3 The burden of malaria

Malana 1s one of the most serious health problems facing the world today (Carrington,
2001) and its burden is compounded by the resistance of malaria parasites to the first
line antimalarial drugs (chloroquine, amodiaquine or sulfadoxine-pyrimethamine) and
the introduction of newer drugs that are relatively more expensive and more toxic than
the first line antimalarial drugs (Goodman et al, 2003). The World Health Organization
estimated that over 300 million cases of malaria arise each year, with approximately
two to three million deaths (Insight Health, 2006; Carrington, 2001). About 40% of the

world’s population living in the poorest countries is at risk of malaria infection (Amexo
et al, 2004).

The malana health burden 1s an important cause of morbidity and mortality as well as
economic loss. Around 90% of the estimated 300 million new clinical cases of malaria
per year occur in sub-Saharan Africa (SSA). In SSA, malaria is the single most
important infectious disease in children, being responsible for the death of about 1
million children per year (25% of all childhood death) (Goodman et al, 2003). Africa
bears the vast majority of the human and economic cost of malaria worldwide (BBC
Focus on Africa, 2005). Annually malaria costs African countries between US$10
billion to US$12 billion in lost domestic product even though it could eradicated for a
fraction of that amount (BBC, 2005). The economic growth in countries with a high

level of malaria transmission is significantly lower than countries without malaria.

The severe form of malaria accounts for the majority of hospital admissions of young
ctuldren in malaria endemic areas (Goodman at al 2003). The morbidity and mortality
due to malaria (caused by Plasmodium falciparum infection) are associated with
economic losses which have direct social and economic consequences. As a result of

malaria, children spend days away from school and adults lose workdays (Goodman at
al 2003).
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2.4 Control strategies for TB and malaria

2.4.1 Tuberculosis control

In 1993, the WHO declared TB a global emergency, and prompted the Directly
Observed Treatment with Short-course chemotherapy (DOTYS) strategy for TB control.

In DOTS strategy, health workers or volunteers form a close bond with their patients to

help them successfully complete treatment (Kim et al, 2007). The DOTS strategy

focuses on the passive case-finding of infectious pulmonary TB, which typically occurs

when the patient presents with persistent cough (WHO, 2003a).

Without treatment, an estimated 70% of people with infectious TB will die. Although

weak TB-control can decrease mortality, they have less impact on morbidity, as many
people remain chronically ill. However, DOTS can rapidly reduce both mortality and
morbidity from TB, often curing over 85% of patients. Since curing TB prevents the

nfection of others, it serves an important preventive function as well, breaking the

chain of transmission (Kim et al, 2007). DOTS has five key elements (Keeler et al,
2007):

1. Government commitment to a sustained TB control activities.

2. Case detection by sputum smear microscopy among symptomatic patients self-
reporling to health services.

3. Standardized treatment regimens lasting at 6-8 months for all confirmed sputum
smear- positive cases, directly observed for the initial 2 months.

4. A regular, uninterrupted supply of all essential anti-TB drugs.

J. A standardized recording and reporting system that allows assessment of
treatment results for each patient and of the TB control program overall.

2.4.2 Malaria control

The global community has committed itself to halving the morbidity and mortality from
malaria worldwide by 2010 through the Roll Back Malaria (RBM) initiative (Goodman
et al, 2003; Molyneux and Nantulya, 2004). RBM came as a result of the commitment
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by the WHO 1in collaboration with UNICEF, UNDP and World Bank to inmitiate the

project targeted at reducing the burden and mortality of malaria in African region by
50% by the year 2010. The Afncan leaders resolve to initiate approprate and
sustainable action to strengthen the health system to ensure that by the year 2005:

o At least 60% of those suffering from malaria have prompt access to, and are

able to correctly use, affordable and approprnate treatment within 24 hours of the
symptom.

o At least 60% of those at nisk of malana, particularly children under five years of
age and pregnant women benefit from the most suitable combination of personal
and community protective measures such as ITN and other interventions which
are accessible and affordable to prevent infection and suffering and

o Atleast 60% of all pregnant women, who are at risk of malaria, especially those

in their first pregnancies, have access to chemoprophylaxis or presumptive

Intermittent treatment.

The current international strategies on malaria control focus on prompt access to
treatment, presumptive treatment for pregnant women, and use of Insecticide Treated
Nets (ITN). The intemational organizations recommended an effective and affordable
treatment for all cases of malaria within 24 hours of onset of illness. Policies were made

that reccommend home treatment of all childhood fevers as malaria in malaria high-risk

settings (Amexo et al, 2004).

2.5 Laboratory diagnosis of TB and malaria
2.5.1 Laboratory diagnosis of TB

The diagnosis of pulmonary tuberculosis is centred on the sputum smear microscopy of
three stained sputum samples (WHO, 2003a). The sputum smear microscopy targets the
most infectious cases (sputum smear positive) and is highly specific in most high-

prevalence setting (Keeler et al, 2007). The availability and quality of sputum smear
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microscopy in turn relies on the national programmes that support, train and monitor the

testing performance of individual laboratories (APHL, 2002).

The WHO recommended that in the early phase of development of a laboratory service

for TB in a high prevalence country the most economical and cost effective

arrangement 1s as follows (WHO, 1998):

1. Establishment of ZN microscopy in small, multi-purpose public health laboratores.
One microscopy centre per 100 000 population is usually sufficient to attain the target
of 2 - 20 ZN smears per day.

2. Establishment of fluorescence microscopy at the regional laboratories where more

than 100 smears are examined per day. One fluorescence microscopy centre per 500
000 to one million population is usually sufficient. However, this is much more strongly

dictated by the daily case load than by the actual population covered.
3. Establishment of TB culture facilities at the regional or central level, to cover 500

000 to one million population.

4. Establishment of a central laboratory at the national or regional level, to cover 10

million or more population.

One advantage of sputum smear microscopy is that it is simple and yields timely results
with a very high sensitivity of detection of tubercle bacilli transmitters. Sputum smear
microscopy is also inexpensive to perform, very specific in high prevalence settings and
detects the most infectious subset of patients (IUATLD, 2000). In low income and high
tuberculosis prevalence countries, sputum smear microscopy is, and is likely to remain
for the foreseeable future, the only cost-effective tool for diagnosing patients with
Infectious tuberculosis and to monitor their progress in treatment (IUATLD, 2000).
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The Iimitations of sputum smear microscopy include its requirement for microscopes

and the difficulty of maintaining them in poor settings. The results often have low
sensitivity and under programme conditions, obtaining quality results requires the
senous attention of trained and motivated laboratory staff (Keeler et al, 2007). This has
resulted 1n a relatively very low case reporting of smear-positive TB cases. These

problems limit both the extent and quality of its application and in turn its impact on TB

control. Test sensitivity is also limited in many patients with ex-pulmonary TB (sputum

smear negative) who have <10,000 AFB per ml of sputum, and are therefore missed by

sputum smear microscopy (Keeler et al, 2007). Moreover, sputum smear microscopy

requires the collection and laborious examination of many samples, and because of

consequent delays many patients do not return for results (Squire et al, 2005).

Advances in the development of alternative diagnostic tools for tuberculosis have been

reviewed (Perkins, 2000). The alternative diagnostic techniques that may have

relevance for tuberculosis endemic countries include:

* Serological tests for detecting IgG or other immunoglobulin classes in dipstick
or ELISA

e Tuberculin skin test to detect latent infection
e Radiometric liquid culture system

* Phage replication system that detects live mycobacteria in clinical samples or in

young liquid cultures using phages that infect and replicate in mycobacterial

cells as imndicators

e Molecular detection of rifampicin resistance

* Nucleic acid amplification (NAA) assay

These diagnostic tests might have a significant impact on disease control by promoting

rapid case detection, thereby reducing period of TB transmission (Perkins, 2000).
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However, these tests offer limited benefits in the developing world, due to the

constraints on their effectiveness and the infrastructure required (Keeler et al, 2007).
Culture 1s the most sensitive method for detecting TB, but can take several weeks to

yleld results and demands advanced technical infrastructure that is not readily

accessible in any countries (Cunningham et al, 2004).

Radiographic examination can detect some smear negative cases of TB. The
radiographic appearance of mycobacteria is, however, not uniform and image
mterpretation is subject to observer error. This limits the sensitivity and specificity of
X-rays 1n the field (Keeler et al, 2007). Sputum smear microscopy therefore remains the

only cost-effective tool for diagnosing patients with infectious tuberculosis and is a

pillar of the global strategy to control the disease.

2.5.2 Laboratory diagnosis of malaria

Microscopic examination of stained blood smears continues to be the method of
choice—the gold standard—for confirming a clinical diagnosis of malaria and
epidemiological studies (WHO, 2000a, 2004a). The WHO recommended that a
laboratory test should be used to confirm the presence of parasites in most
epidemiological situations. However, if this is not logistically possible for all suspected
cases of malaria, laboratory diagnosis to confirm the presence of parasites is particularly
destrable in all suspected cases of treatment failures and severe disease, as well as for

diagnosing uncomplicated malaria during low transmission seasons (WHQO, 2005a).

However, 1n sub-Saharan Africa, more than 80% of individuals with malaria self treat
fevers with antimalarial drugs without seeking help from health sectors (Bamish et al,

2004). Cases of malaria in both adults and children are presented to health centres only
when self treatment fails, and even then they do not receive a good quality diagnosis.

Diagnosis of malaria at peripheral health centres, where there is lack of laboratory
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facilities, is based solely on clinical features such as fever (Amexo et al, 2004). This

approach 1s sensitive, but has very low specificity. As a result, malaria can be over-

diagnosed considerably, while other febrile diseases are overlooked and not treated 1n a

timely manner (WHO, 2005a).

Malaria microscopy, which is the gold standard for the diagnosis of malana, 1s often not
used and has an accuracy of only 70 — 75% in routine practice (Amexo et al, 2004).
Without an effective quality assurance system for malaria microscopy, there is still no

guarantee that all of the patients given antimalarials at the secondary and tertiary level

of health care really had malaria.

Many Rapid Diagnostic Tests (RDTs) for malaria are currently available and are
increasingly being used in the field. The principle of RDTs base on the identification of
P. falciparum specific histidine-rich protein II (HRO?2), parasite-specific lactose
dehydrogenase (pLDH) or pan-specific aldolase (Rafael et al, 2007).

The potential advantages of RDTs include:

e In paediatric hospital, use of RDTs led to an improvement in case management,
allowing rapid (within 20 minutes) diagnosis of malaria and better targeting of

malara treatment.

 RDTs can be used by first-line health workers at primary health care facilities
* The use of RDTs can be economically justified under specific conditions. The
cost saving of malaria management with RDTs depends on a combination of

factors such as the epidemiological pattern of malaria, the performance of the

test and the recommended treatment regimens.
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The potential disadvantages of RDTs include:

e Variable performance and degeneration at high storage temperature and high

Ccost.

¢ RDTs that detect HRP2 antigen pose further problems as the antigen can remain
in the blood for 3 weeks following successful treatment, hence confounding

diagnosis when patients present with multiple fevers in a short time frame
(Rafael et al, 2007).

Based on their higher sensitivity, greater stability and lower cost, HRP2-based tests are
preferred for areas of stable malaria like Nigeria, where P. falciparum represents at least
90% of all malaria infections (WHO, 2004). A study on the detection threshold of three
HRP2-based RDTs (Gon-Malaria, Accu-Stat Malaria and SD-Bioline) in Nigena,
suggests that the kits have good detection threshold and are suitable for use in P.

falciparum malaria diagnosis in peripheral health facilities lacking trained

microscopists. (Abubakar et al, 2004).

2.6 The need for quality assured laboratory diagnosis of TB and malaria

Timely and accurate diagnosis of both TB and malaria in patients and providing them

with an appropriate treatment is essential for reducing disease burden and its related
consequences as well as transmission in the community (Maher, 1999; Paramasivan,
2003). For diagnosis, the impact of errors in TB and malaria microscopy can be
measured as the number of truly positive cases missed due to false-negative reading
error as well as the number of truly negative ‘non-cases’ who were erroneously started
on treatment due to a false-positive reading error. For treatment, the impact can be
measured by examining the number of cases who received TB or malaria treatment

due to false-positive reading error, or in TB treatment, the number of cases who are
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inappropriately changed to continuation phase therapy or whose treatment 1S

discontinued prematurely due to false-negative reading error (Nguyen, 1999).

The need and importance of accurate laboratory diagnosis of malaria have become
acute with the spread of resistance of malaria parasites to the currently used antimalanal
monotherapies (CQ, SP or amodiaquine) and the introduction of new more expensive
ACT drug treatment. ACTs cost at least 10 times more than chloroquine, amodiaquine
or sulfadoxine-pyriethamine. It is therefore more cost effective to improve the accuracy
of malania diagnosis so that these drugs are only used for confirmed cases of malaria
(Amexo et al, 2004). Even where diagnostic test for malaria are not cost-saving, they
could be considered cost effective if their use led to a significant improvement 1n case
management (Goodman et al, 2003). Treating uncomplicated malaria with ACT
without laboratory confirmation may have the following implications could result in the

over-diagnosis of malaria and the irrational use of newer drug combinations for malaria

(Amexo et al, 2004; Barnish et al, 2004)

The misdiagnosis and incorrect treatment for TB and malaria that may occur in the
absence of laboratory tests or wrong results are wasteful in both time and resources, for
patients who have to travel long distances for second or third visits, and when multiple
drugs are prescribed by health workers who are unsure of a diagnosis. Poor quality

laboratory tests therefore not only waste patients’ scarce resources and those of the

health service, but are also detrimental to the patient and a source of misleading public

health information. It is therefore essential to establish, maintain and demonstrate the

accuracy of TB and malaria diagnostic tests for all laboratories.
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2.7 Methods of external quality assessment for TB and malaria microscopy

The published literature on the external quality assessment of sputum smear microscopy
from different regions of the world including Africa is more extensive than the
published literature on malaria microscopy EQA schemes. The approaches to EQA for
TB and malaria microscopy are broadly categorized into three: 1) Panel testing, where
centrally prepared smears / blood films with known results are sent out to laboratories
of a network for external quality assessment. 2) Rechecking at a higher level, of routine
examined smears / blood films from peripheral laboratories and 3) on-site evaluation or

supervision of laboratory activities which is a complementary activity to each of the

other two approaches.

2.7.1 Panel Testing

Panel testing is an EQA scheme where participating laboratories are sent samples at
some defined intervals. The samples are tested the same as routine samples from
patients. The test results are evaluated at the central EQA laboratory that is
adminmstering the EQA and returned to the participating laboratories with a report that

compares the participant's performance with that of all the laboratones using the same
test method(s).

Panel testing was applied in India in the quality assessment studies in eight state
tuberculosis laboratories (Paramasivan et al, 2003). Coded panels of stained sputum
smears with different grades of positivity, were sent from the central laboratory to the
TB microscopy centres at 6-monthly intervals. The results were analyzed for agreement,
as well as discordance. Panel testing was also use in the external quality assessment in
the examination of blood films for malarial parasites within Ontario, Canada (Thomson
et al, 2000). Samples consisted of blood films (Romanowsky stained and cover slipped)
from cases submitted by participating laboratories. Survey results were reported with

use of codes representing descriptive features and clinical deductions that would be
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reported on clinical samples. Results were evaluated by Laboratory Proficiency Testing

Programme (LPTP)’s scientific committees, and assessment of errors was based on
climical importance. Panel testing was also applied in developing an external quality
assessment programmes for primary health in resource limited countries namely
Tanzania, Kenya, Southern Sudan, Uganda and Somalia (Carter et al, 2002). Under a
laboratory programme of the African Medical and Research Foundation (AMREF)

external quality assessment scheme (EQAS), materials for parasitological,

microbiological and haematological investigations were prepared from specimens
obtained from patients. A total of 81 laboratories participated in the scheme from 1993
to 2000. Each participant was provided with their results together with the highest and
lowest results of the other participating laboratories (anonymously) (Carter et al, 2002).

Advantages:

o Panel testing helps in evaluating the performance of individual laboratories.
 Provides an educational benefit of participation. For instance, it allows the
development of recommendations and educational workshops to improve the

standard of laboratory services. The materials used for the feedback can also be

stored and re-examined after the results are returned.

* Provides valuable information for health administrators on the quality of
services provided in health facilities, and can be used as a regulatory tool for
accreditation and registration purposes. In addition, the results can give an

indication of specific laboratory activities that require remedial action.

 Helps to monitor changes in performance between 2 assessment periods.

Disadvantages:

* This method is considered to be less efficient than rechecking because its results

are not necessarily representative of routine performance and it is less

motivating than blinded rechecking,
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 Requirement for a reference laboratory capable of preparing the panel of shdes
and a mechanism for distributing the slide sets to peripheral laboratories without
breakage or loss (mail, couner).

e Requirement for adequate funds for sending the slide set to intermediate and

penpheral laboratories and returning slide sets to central laboratory for a review

1f necessary.

2.7.2 Blinded rechecking

Blinded rechecking is a process of rereading a sample of slides from a laboratory to
assess whether that laboratory has an acceptable level of performance. This method
requires a strong and consistent support from a national control programme for its
implementation and sustenance. Blinded rechecking is the EQA method that provides
evidence that a country has an effective TB microscopy laboratory network supporting
DOTS and was recommended TB control programmes (APHL, 2002). However,
blinded re-checking and panel testing were both shown to be viable measures of

laboratory performance in TB microscopy DOTS (Martinez Guarneros et al 2002).

Blinded rechecking was used in the quality assessment of sputum microscopic
examinations in southern Ethiopia. Routine slides collected from the TB peripheral
laboratories were rechecked in the regional and the central laboratory to evaluate the
level of agreement in reading of sputum smears (Shargie et al, 2005). In case of

agreement between the peripheral and regional laboratory readings, the regional

laboratory results were taken as final results. Slides with discordant readings were re-

read at the central laboratory, and results from the central laboratory were considered as
final results (Shargie et al, 2005).

Blinded rechecking was also used in the first broad quality assessment of sputum smear

microscopy in peripheral health care facilities in Dar es Salaam, Tanzania (Basra et al,
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2006). Slides randomly selected from the laboratory register were re-read by a second

and third reader without sharing results, and discordance between these readers was

resolved. Agreed results of reader two and three were regarded as a reference and were

compared with those of a peripheral reader.

Two different approaches of implementing blinded rechecking EQA scheme were
demonstrated in the studies from Ethiopia and Tanzania. While regional and central

laboratories were used as the second and third readers in Ethiopia, two microscopists 1n
the same laboratory were used for the same purpose in Tanzania. This demonstrates the

flexibility of the blinded rechecking method and its applicability under different health

settings.

In blinded rechecking schemes, feedback on the smearing and staining qualities

together with the final AFB microscopy result at the reference laboratory were sent

regularly to the peripheral laboratories for remedial actions.

Advantages

o It 1s the standard method for monitoring laboratory performance over a defined

pertod of time and reflects the reality of routine performance.

e The method can be adopted by in both TB and malaria control Programmes .
e Suitable for the relatively low level of workload for the district laboratories

* Motivates improved daily performance as the technicians are expecting visits by

the supervisors.

* Blinded re-checking was recommended as the most efficient procedure for

making the first broad assessment of sputum smear microscopy services (Basra
et al, 20006).

Disadvantages:
* The requirements for mobilization and complex logistic support
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2.7.3 On-site supervision

On-site supervision involves on-site inspection of basic laboratory matenals for TB and
malaria microscopy services, quality control and other aspects that may have impact on
the quality of the services such as the training need for microscopists. It 1s a
complementary activity to panel testing and blinded rechecking procedures. On-site

evaluation also involves a technical assessment of the quality of the matenial (sputum or

saliva), of smearing (thickness and size), and of the staining.

The process involves the use of a standardized checklist to assess peripheral laboratories
for tuberculosis diagnosis. A standardized checklist was used to assess and improve the
supervision and performance of sputum smear microscopy in 48 TB diagnostic units in
Ugandan Districts (Aziz and Bretzel, 2002).The situational analysis of the peripheral
diagnostic units at the beginning and at the end of the study showed a marked
improvement in laboratory performance in all aspects related to sputum smear
microscopy. The systematic use of a standardized laboratory checklist was considered
an 1mportant step forward in improving the performance of the peripheral laboratories

n Uganda through on-the-spot correction of any identified shortcomings (Aziz and
Bretzel, 2002).

The EQA schemes are applied widely in both developed and developing countries
around the world with the same objectives but different approaches. The EQA schemes

used 1n industrialized countries and published in the literature are not appropriate for
rural laboratories in low-income countries because they are often based on assumptions
that the methods are generally automated and communication and transport network are
reliable. These systems are therefore too complex for a workforce in a weak health
system (Bates and Maitland 2006) where laboratories face numerous constraints to

providing quality services, including poor selection of techniques, difficulties in
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equipment availébility and maintenance, and shortages of supplies, staffing and
supervision (Carter et al, 2002). Designing a quality assessment system by which the
analytical system can be monitored and evaluated, therefore, remains a major challenge
for most laboratories in low income countries with weak health systems. The need for

devising workable methods with a broad and flexible approach for extemally

monitoring test results from laboratories have been highlighted (Mundy et al, 2002).

2.8 Feasibility of integrating TB and malaria microscopy quality assessment
mechanisms

The WHO has recommended the integration of malaria microscopy Quality Assessment
(QA) with that of other microscopically diagnosed communicable diseases in order to
enhance the accuracy of microscopic diagnosis of malaria especially in malaria endemic
regions of the world (WHO, 2005a). However, there is no published literature on a QA
system that integrates malaria and tuberculosis microscopy. The feasibility of the

integration will depend on many factors, which can be determined through a situation

analysis for scaling up the QA system.

Tuberculosis and malaria share a common method of laboratory diagnosis by
microscopy. It could therefore be feasible to share some activities of quality assessment
for malaria and tuberculosis microscopy. There are particularly good examples of local
quality-assurance systems designed to evaluate testing in tuberculosis control programs

that could be expanded to include the malaria microscopy and further extended to other

essential laboratory investigations, such as haemoglobin and transfusion- related tests
(Bates and Maitland, 2006).

While the integration potentially has many advantages, it also could encounter many

constraints such as:
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e Integration must be proven to be necessary and cost-effective, leading to health

and financial benefits.

o requirement for an integrated management system, trained QA staff who are

capable of supervising and evaluating a multi-disease QA programmes for 2 or

more diseases.

e Maintaining high standards across all disciplines and at all levels could be

harder than in a system oriented toward a single disease.

e Confusion could be created over the standards required for different disciplines,

especially between malaria and tuberculosis.

The capacity of a country to overcome these constraints will depend on the current

objectives of the national disease control programmes, the infrastructure, the activities
being carried out and the levels of funding of the respective programmes. The feasibility

of integration should be determined as part of a situational analysis for scaling up QA
(WHO, 2005a).
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CHAPTER3

THE NIGERIAN CONTEXT OF TUBERCULOSIS AND MALARIA
CONTROL

3.1 Nigeria: Background information

Nigeria is a democratic Federal Republic consisting of the Federal, States and Local

Governments levels of administration. Nigeria is the most populous country in Africa,
and the tenth in the world. With a growth rate of 3.0%, Nigeria’s population 1n 2005
was estimated to be about 134 million (FMOH, 2006b). The country has a diverse

ethnic and cultural characteristics and variations in physical factors such as size, terrain

and climate that could impinge on all aspects of social and economic life, including

health.
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Figure 3.1: Map of the Federal Republic of Nigeria showing Kano State.
Source: Ministry of Health, Kano (2006)

There are 36 states and the Federal Capital Territory (FCT) in Nigeria (Figure 3.1). The

states and the FCT are organized for political administration into 774 Local
Government Areas. The states are further grouped into six geo-political zones—North
East (NE), North West (NW), North Central (NC), South West (SW), South East (SE)
and South South (SS). The zones differ from one another in size, population, ecological

characteristics, language, culture, settlement patterns, economic opportunities and

historical background.
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The structure of Nigerian government reflects the administrative structure of the health

system, disease control programmes and the laboratory systems in the country. The
federal and state ministries of health are the highest administrative unit of health care
delivery at the federal and state levels respectively. Primary health care, which 1s the

basic unit of health care in the country, is administered at the local government level.

The admimistrative and technical responsibilities including the laboratory services 1n

control programmes for TB and malaria are defined according to the federal, state and

local government structures in the country.

3.2 Kano State: Background information

Kano State 1s one of the 36 states of Nigeria, located in the northern part of the country
(Figure 3.1). It has an estimated population of over 12 million people of which 75% live
In the rural areas (K-SEED, 2005). The Kano state health care system is structured on
the basis of the three-tier system of health care in Nigeria, namely: Primary Health
Care, Secondary Health Care, and Tertiary Health Care (National Health Policy, 2004).

3.2.1 Health facilities in Kano state

In Kano state, there are 1062 health facilities comprising 5 specialist hospitals
(including a teaching hospital), 29 General Hospitals (including cottage hospitals), 74
Health Centres / clinics, 99 Primary Health Centres, 528 health posts and 213

dispensaries. 49.7% of all public health facilities in the state are health posts (Table
3.1).
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Table 3.1: Number and categories of health facilities in Kano state (2007)

Il
SPH | /CT post
e | 5 | |57 [ | [ m | [wa
O R A R
Key: TER: Tertiary health facility SPH: Specialist hospitals

PV: Private health facility PB: Public health facility
PHC: Pnmary Health Care

Source: Medical and health care department, Ministry of Health, Kano (2007)

The number of private hospitals exceeds that of the public general and specialist

hospitals in the state. Private clinics have almost the same number with the public

clinics.

The distribution of health facilities in Kano state shows relatively higher proportions of
tertiary health facilities, private hospitals and private clinics in the metropolitan area of
Kano state. Public hospitals, health clinics / centres, pnmary health centres, health
posts and dispensaries have higher proportions outside Kano metropolitan area (Figure
3.2). Laboratory services are concentrated in the metropolitan area rather than
elsewhere 1n Kano state. This is because, although recommended by the national policy,
there are no laboratories in the public clinics, primary health centres, health posts and

dispensaries, which are the major health facilities outside the metropolitan areas of

Kano (Figure 3.2). Therefore the 75% of the population of Kano state who live in rural

areas have less access to laboratory services.
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Figure 3.2: Distribution of health facilities in Kano state

50.0 47.6

| =
45.0 K
400"
350+
300 '@ Metropolitan (6 LGAs) i

‘B Other districts (38 LGAs)
Proportions 250 v
200+
150+
004"
| —2.1-49.
| 0.4 0.1 . L
0.0 _. ‘
TER PBC PVC

Categories of health facilities
Key:

TER: Tertiary health facility SPE: Specialist hospitals HP: Health Post
PV: Private health facility PB: Public health facility DP: Dispensary
PHC: Primary Health Care PBC: Public Clinics

Source: Medical and health care department, Ministry of Health, Kano (2007)

Currently, the medical laboratory service unit is under the medical and health care

services department within the Kano state health system. At the state hospitals

management board, laboratory services are administered under the medical and health
care department. At the zonal and hospital levels, the laboratory unit is administered
along with other support units such as the radiology and physiotherapy units, under the

medical department (Imam, 2007). There is no representation of laboratories in the
management committees of the hospitals, health zones, hospital management board and

the state ministry of health. Kano state government provides support for laboratory

services 1n the public health facilities in the state. In the absence of a specific policy for
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financing laboratory services, each of the 13 health zones finances laboratory services

1n health facilities within the zone.

3.3 Tuberculosis and Malaria burdens in Nigeria

Tuberculosis (TB) and malaria are endemic in Nigeria and amongst the most important

public health burdens of the country.

3.3.1 The tuberculosis burden

Nigeria has the world’s fourth largest tuberculosis burden, with nearly 374,000
estimated new cases annually. According to WHO (2006), 33,755 (or 57 percent) of
the new TB cases 1n 2004 were pulmonary sputum smear-positive (SS+) cases. Total
notified cases of all forms of TB increased from 46,473 in 2003 to 59,493 in 2004, At
the end of 2005, 66,848 cases of TB had been notified, of which only 52 percent were
SS+. Although still far short of the WHO target of 70 percent, the TB case detection
rate increased from 15.3 percent in 2001 to 27 percent in 2005. While the treatment

success rate had stabilized above 75 percent, it now stands at 59 percent. Both the
case detection and treatment success rates were among the lowest of high-TB burden
countries. It is estimated that in 2005 the TB case detection rate will be 27 percent and

the treatment success rate will return to near 79 percent (USAID, 2006).

The public health burden posed by TB is becoming increasingly important as the
country’s HIV/AIDS epidemic unfolds. WHO estimates that 27 percent of Nigeria’s
TB patients are HIV-positive (USAID, 2006).

In Kano State, there were a total of 5,179 registered cases of tuberculosis at end of
2006, representing about 30% of estimated number of TB cases in the State. The state

IB control program recorded a treatment success rate of 83% for new smear cases
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registered in 2005. The trend of tuberculosis case findings in four years (2003 —2006) 1s
presented in Table 3.2.

Table 3.2: Four year comparison of TB case finding in Kano (2003 to 2006)

YEAR | New | Relapses | Failures | Return | Smear Extra | TOTAL
cases after | negatives | PTB
default

1180 | 0 | 7 | 1 | 1028 2236
2004 | 1395 | 11 | 35 [ 7 | 2109 | 20 | 3577
2006 | 2306 | 99 | 43 | 79 | 252

Source: Kano State TB Control Program Annual Report Ministry of Health, Kano (2006)
There was an increase in the number of TB cases registered in Kano State since the

commencement of DOTS implementation in the State in 2003. With the expansion
DOTS to additional LGAs in the state, more patients were becoming aware of the

programme and patronizing the services (Table 3.2).

3.3.2 The malaria burden

Malana is endemic in Nigeria, and the population at highest risk includes children,
pregnant women, and the non-immune persons (Carrington, 2001). There were
2,008,479 reported cases and 5,343 deaths due to malaria in Nigeria in 2003 (WHO,
2005). Forty three percent of the cases occur among children of under 5 years of age.
The prevalence of malaria in Nigeria in 2003 was 21.03 per 1000 population (WHO,
2005). Malaria accounted for 60% of outpatient visits to health facilities in Nigeria and

was responsible for 30% of childhood deaths, 25% of deaths in children under 1 year
and 11% of maternal deaths (FMOH, 2005).

The financial loss due to malaria annually in Nigeria was estimated to be 123billion
Naira (£492 million) annually in form of treatment cost, prevention, loss of work hours

and other consequent losses (FMOH, 2005). Malaria contributes to both poverty and
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underdevelopment for the nation, community, family and individuals because people
spend large part of their yearly income on malaria treatment and prevention. Reducing

malaria burden is therefore a cost effective way of promoting development and
reducing poverty (FMOH, 2005b).

The malaria burden in Nigeria has been compounded further by the high level of
resistance of malaria parasites to chloroquine and sulfadoxine-pyrimethamine (S-P).
Results of a drug therapeutic efficacy trial conducted in the country showed a high
level of resistance ranging from 23 - 96% to these drugs across the six geographical
zones of Nigena. The result indicated that chloroquine and Sulfadoxine-

pynmethamine are no longer effective in the treatment of malaria (FMOH, 2005a).

In Kano state, malaria was identified as one of the important immediate causes of

mortality among children (K-SEEDS, 2005). According to the Kano state Infectious
Disease Surveillance Report (IDSR), there were at least 264,481 reported cases of
malana from 44 LGA’s in Kano State in the year 2003, with prevalence of 22 per 1000
population (MOH Kano, 2004). Although the prevalence is close to the national
average, the figure may underestimate malaria in Kano because the state’s health
records are unreliable and inadequately organized. The available health data and
statistics are generally estimates obtained through limited surveys, conducted by

International organizations and through other health related surveys (MOH Kano,
undated).

3.4 Role of the laboratory in TB and malaria control in Nigeria

In response to the tuberculosis and malaria burdens, the Federal Government of Nigeria
established the National Tuberculosis and Leprosy Control Programme (NTBLCP) and
the National Malaria Control Programme (NMCP) as appropriate health intervention
strategies for TB and malaria. The TB and malaria control programmes in Nigeria are

structured along the national, state and local government levels of administration.
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3.4.1 Role of the laboratory in TB control in Nigeria

The central reference TB laboratory is hosted at the federal level of the TB control
programme and collaborates with the administrative unit of the programme 1n the

federal ministry of health. The functions of central laboratory are:

e Performing microscopy (both ZN and flourescence), mycobacterial culture, drug

sensitivity testing and species identification.

¢ Rendering repair services for the laboratory equipment and controlling the

reagents used in TB laboratores

e Updating of the methods and protocols for laboratory diagnosis of TB and

review of guidelines on TB laboratory supervision

e Traming of the laboratory staff, conducting quality assessment and proficiency

testing exercise, surveillance of primary and acquired tuberculosis drug

resistance and participate in epidemiological and operational research

The state level laboratories in TB control unit are integrated with the existing public
laboratories in the secondary and tertiary hospitals located in the urban areas. The duties

of these laboratories are to supervise peripheral laboratories PHC level and to serve as

first level controller for reading of slides in the quality control exercise.

At the local government level of TB control programme, the peripheral laboratories are

fully integrated with primary health care services located within the local government.

The penpheral laboratories could be based at primary health care centre or district

hospitals. The functions of these laboratories are:

o Collection of sputum specimens, sputum smear preparation, ZN staining and

examination by direct light microscopy using standard operating procedures

within the framework of national TB control programme.
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e Prompt dispatch of results within 72 hours from the receipt of the specimen

recording of results accurately in TB laboratory register.

e (Cleaning (de-oiling) of examined slides with xylene and storing them senally in

provided slides boxes as well as keeping the slide boxes away from direct

sunlight.

e Making of quarterly request for reagents and other materials for use in the

laboratory, cleaning of microscopes and control of reagents in the laboratory.

e Close collaboration with the local government TB supervisor and the state

quality control officer for effective conduct of quality control and quality

improvement for AFB microscopy.

An efficient AFB microscopy service that has the ability to detect 85% of pulmonary

tuberculosis cases all within 72 hours is a significant epidemiological factor preventing

transmission of tuberculosis (NTBLCP, 2004).

The National Tuberculosis Control Programme conducts a QA scheme for TB
microscopy which is currently implemented and managed by the National Tuberculosis
and Leprosy Control Programme (NTBLCP) in collaboration with donor agencies. The
QA scheme for TB microscopy covers the whole process of sputum collection, smear
preparation, smear staining, microscopy, recording and reporting. Data collection, data
analysis, 1dentification of problems and creative problem solving are key components of
this process. QA also involves continued monitoring and identifying defects, followed
by the remedial action to prevent recurrence of problems. The purpose of these quality
checking processes is to identify laboratories where there may be serious problem 1n the

sputum smear microscopy services, resulting in poor performance, not to identify

mdividual slide errors or validate individual patient diagnosis (NTBLCP, 2004).
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3.4.2 Role of the laboratory in malaria control in Nigeria

The national health policy highlighted the improvement of quality of diagnosis and
treatment as well as the provision of functional laboratory facilities among the vital

components of malaria management (National Health Policy, 2004). The national
malaria treatment policy of Nigeria, as recommended by the WHO (WHO, 2000),

indicated the need to confirm the diagnosis of malaria by laboratory test in the
following cases (FMOH, 2005a):

e Uncomplicated malana in low nisk areas

¢ Treatment failure

e Suspected case of severe malarna

However, 1n contrast to the situation for TB, the national policy for malaria does not

include any QA guidelines for malaria microscopy at any level of malaria control
(FMOH, 2005a).

3.5 The basis of integrating TB and malaria microscopy QA schemes in Nigeria

In accordance with the national guideline, the Kano state TB control programme had a
network of ten designated TB microscopy laboratories supporting the Directly
Observed Treatment Short Courses (DOTS) and a quality assessment scheme for TB
microscopy. In contrast, here is no network of malaria microscopy laboratories or
quality assessment scheme for malaria microscopy at any level of health care in the

state because 1n contrast to the situation for TB, the national policy for malaria does not

include any QA guideline for microscopy (FMOH, 2005a).

The WHO has recommended the integration of malaria microscopy Quality Assessment
(QA) with that of other microscopically diagnosed communicable diseases in order to

enhance the accuracy of microscopic diagnosis of malaria especially in malaria endemic
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regions of the world (WHO, 2005a).The NTBLCP and the national malana treatment

policy of Nigeria have recommended laboratory tests for TB and malana at the PHC
level 1n the country. Moreover, while the state levels of TB and malarnia control are

responsible for supervising the PHC level and conducting QA of penpheral

laboratories, the national levels are responsible for the technical control, planning,
budgeting, implementing and monitoring the QA scheme in both TB and malana
control programmes. This suggests that the integration of TB and malana QA systems
could have a potential added value because a single QA system with two components
could simplify the administration, logistics of supply of reagents and equipment,
reporting and evaluation of the performance of microscopy. It could also be less
resource-intensive as QA for malaria could be combined with other QA system. For
Instance, Integrating activities like supervision, sampling of slide, rechecking and
feedback mechanisms, and the criteria for setting the acceptable level of performance of
microscopists for TB and malaria microscopy. However, this innovative scheme
requires a high degree of motivation and organization by the laboratory staff, as well as

support from clinicians and regional or national healthcare managers (Bates and
Maitland, 2006).
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CHAPTER 4

METHODOLOGY

4.1 Baseline assessment of laboratory services in Kano state

The design of a QA system for TB and malaria microscopy requires a situation analysis
and retrospective information on the infrastructure, workload and slide positivity rates

for TB and malaria microscopy. The aim of conducting a baseline assessment was to

document the current state of the medical laboratory service in Kano state in terms of
management, types of tests conducted and related workload, number, categories and
distnbution of laboratory personnel, state of basic equipment, safety issues, test
procedures and methods of quality control. The specific objectives were to:

e (Compare the existing laboratory services in Kano with the recommendations of

the national medical laboratory policy in order to identify the conformities and

possible deviations from the national policies.

o Identify the major constraints of the existing medical laboratory practice in
Kano.
¢ Document the situation of TB and malaria microscopy services in the state to

guide planning and selection of laboratories for the implementation of this

project.

4.1.1 Consultations and Ethical Issues

An approval for the project was granted by the Kano state ministry of health and
conveyed in letters No. MOH/S/A/62/T.1//3 dated 14Y September 2004, and
MOHY/S/A/62/T.1/I/7 of 19" April 2005. Consultations were also held with relevant
officials of the ministry of health so that they could input to the objectives, activities

and goals of this project. They were the Director, Primary Healthcare, Deputy Director,
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Disease Control, state TB Control Officer, state Malaria Control Officer and some

senior medical laboratory scientists including the state TB Quality Control Officer.

4.1.2 Research Assistants

Fifteen Research Assistants (RAs) were used for this project. The RAs were identified
among the senior laboratory personnel in the state health service and were invited to
partictpate 1n data collection. Their participation was based on their personal
understanding and commitment to the objectives and the possible benefits of this

project to Kano State health system. Through the project, transport, sustenance and

meetings were financed token remunerations were given to the RAs as off duty

allowances. The RAs were:

1. The state TB microscopy quality control officer in 2005 and the head of
laboratory of Infectious Diseases Hospital (IDH), Kano.

2. The state TB microscopy quality control officer in 2006 and the head of
epidemiology laboratory, Infectious Diseases Hospital (IDH), Kano.

3. A Chief Medical Laboratory Scientist, who was the former head of the
laboratory services department Muhammad Abdullahi Wase Specialist Hospital.

4. 12 Heads of laboratory services units in the selected health facilities.
4.1.3 Development of instruments for the baseline assessment

A checklist (Appendix D1) was developed in order to obtain relevant information on
laboratory practice. Items in the checklist were adopted from the Guidelines for
Implementation and Monitoring Quality Systems for Medical Laboratories (WHO,
1993), External Quality Assessment for AFB Smear Microscopy Manual (ALPH, 2002)
and checklists used in other African country (MOH Ghana, 2001). The checklist
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consisted of eleven different sections intended to retrieve qualitative and quantitative,

retrospective and prospective data.

The checklist was reviewed by three research assistants (1-3) and other the three senior
laboratory personnel in the state mimstry of health in order to identify possible

omissions and ambiguities. Some relevant amendments were made based on thelr

reviews.

A group of 10 senior and experienced laboratory personnel selected from IDH, MMSH,
AKTH and MAWSH to collaborate in this project (Appendix D2). They were selected

based on their long term experiences (5-10 years) in routine laboratory services

mvolving TB and malaria microscopy. Some useful suggestions made by the

collaborators were incorporated into the final project design.

4.1.4 Selection of laboratories for the baseline assessment

Records of the number of laboratories in these public health facilities within Kano were

not available at the time of assessment. However, laboratory services are offered only in

the secondary and tertiary levels of heath care and rarely in the primary health centres in
the state (Bako, 2005). As it was not feasible to conduct the assessment on all the
laboratories due to limited financial support and restricted time frame of the assessment,
1/3 of the estimated number of laboratories in the 34 (5 specialists and 29 general

hospitals) (see Section 3.41) was taken as a sample.

Thirteen (13) laboratories were selected as a sample using a purposive sampling, which
1s a non-randomized sampling technique in which a specific population is identified and
only its members are included in a survey (Kelly et al, 2003). The representative
laboratories were from both tertiary and secondary health facilities located in the rural

and urban areas of the state. Selection of the laboratories was made in consultation with
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research assistants and the former coordinator of laboratory services of Kano the state
and other senior officials of the state ministry of health. The thirteen selected

laboratories comprised all ten designated DOTS microscopy centres in the state and

three state specialist hospitals where TB microscopy was also carried out. They were
the Murtala Muhammad Specialist hospital (MMSH), Muhammad Abdullahi Wase
Specialist Hospital (MAWSH) and Hasiya Bayero Paediatric Hospital (HBP), The

selected laboratories together with the health facilities within which they are located are
shown 1n Table 4.1.

Table 4.1: Profiles of the health facilities included in the baseline assessment of
medical laboratory services in Kano state (April 2005)

Levels of | Laboratories | Locations Setting Number of Estimated
care (LGA) rooms within | population**
the *
laborato
Tertiary

R I
Municipal | District** 7 1,437,389
MAWSH | Nassarawa District 5 1,437,389

Secondary Urban
Gwale District 2 1,437,389

1
Gwarzo
Semi-urban 346,268

*Designated AFB microscopy centres.

** Urban Districts: Kano Municipal, Fagge, Tarauni, Gwale, Nassarawa, Dala

***Kano state projected population by local government areas (1999) available at
www.kanoonline.com (accessed 27/6/07)
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4.1.5 Methods of data collection for baseline assessment

A schedule of visits to the selected laboratories was prepared in consultation with the

state TB quality control office, for a period of two months. Two visits were made to
each of the selected laboratories for the assessment (Appendix D3). Visits for data

collection were made together with the state TB quality control officer.

Dunng the first introductory visit, the project objectives were explained to the hospital

administrators and the laboratory staff in all the hospitals. The expected role to be
played by the staff in the project was also explained to the laboratory staff. The

proposed development and implementation of a quality assessment system of malana
microscopy was also highlighted. Various components of the checklist were explained

to the officer in charge of the laboratory and clarifications were made on the question

raised. Some of the safe and unsafe practices were observe and recorded during the

visit.

During the second visit the numbers and types of tests conducted in the laboratories

compiled by the laboratory staff were reviewed in order to identify and correct errors.

Completed checklists were then retrieved from the laboratories.

1. General information: Documentation of information about laboratories comprising:

* Location of laboratory (Local Government Area)
e Number of health facilities served by the laboratory
* Number of rooms within the laboratory building (if applicable)

ll. Laboratory administration and financing: Information was obtained, from the
officers in charge of the laboratories, on the administrative and financing authonties of

each of the laboratories. Qutlines of the administrative structure of the laboratories and

respective staff responsibilities were also requested.
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Data relating to financial management in the last year were requested from each
laboratory. Heads of laboratornies were requested to provide the main source(s) of
financing, budget allocation to the laboratory, total expenditure, total turnover from
patients’ charges for tests, estimates of the total profits realized (if any), and the

possible deficit incurred from services charges.

. Electricity and water supply: Prospective data on electricity and water supplies to
each of the laboratories were obtained using a sheet to record the presence or absence of
electricity and water to the laboratories during working hours of 8.00 am to 5.00 pm.
Electricity and water supplies were monitored on separate score sheets by marking (1)
to indicate the availability of electricity or water and (X) to indicate their absence within

the working hours. Record of electricity and water supplies for a period of 2 weeks

were requested from each of the selected laboratories.

Iv. Safety inspection: A safety inspection form used previously for a baseline safety
survey m the regional in-service training programme and establishment of nation-wide
laboratory quality control system in Ghana (MOH Ghana, 2001) was adopted to assess
the compliance of laboratories with some basic laboratory safety measures. The use of
standard operating procedures (SOPs) and other safety indices such as the universal

safety precautions, hand washing facilities (soap and water), written instructions

personal protection, electrical and fire safety, waste disposal and first aid were inspected

and recorded.

v. Basic laboratory equipment: The availability and conditions of some basic
equipment required for district laboratories as depicted 1n Cheesbrough (1998) were
assessed. Criteria for assessment were adopted from the guidelines for implementation

and monitoring quality systems for medical laboratories (WHO, 1998). Equipment
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assessed was microscope, refrigerator, water bath, weighing balance, incubator,
autoclave and colorimeter. Information on the number, proper functioning and

arrangements for maintenance were obtained with the assistance of the heads of

laboratory units.

vi. Staffing: The number and qualifications of staff serving in the respective
laboratonies at the time of the assessment were recorded. Data on working hours, call

duties and durations of annual leave and other forms of leave for the staff were also

requested 1n the checklist.

vil. Workload: Retrospective data on the types and number of tests conducted in the
last one year were retrieved from the laboratory registers by the heads of laboratories or
heads of the respective units within laboratories that had separate sections. Where there
was no record of the number of tests for the whole year, the average number of each test

conducted per month was determined, from which projections were made to obtain the

estimated number of tests for the year.

viil. Test selection, methods and quality control: Data on the method used for each of

the available tests conducted in the selected laboratories were obtained. Information on

the staff assigned to perform the test and method of assuring the quality of results (if
any) was also obtained.

ix. Laboratory test requests: The systems of laboratory request were recorded using a
form designed from the guidelines for implementation and monitoring of quality
systems for medical laboratories (WHO, 1998). The system of making requests by
climcians for laboratory investigations were assessed based on the use of a standard

designed request form, indication of patients’ reference number, age and sex, clinical
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diagnosis, relevance of specimen to requested tests and the clanty of information on the

request form.

4.1.6 Determination of baseline quality of TB and malaria microscopy.

Five out of the 10 designated microscopy centres (IDH, WDL, GWZ, RAN and DBT)

where TB microscopy slides were stored were selected for implementing the integrated

TB and malana microscopy QA scheme. The rest DOTS microscopy centres were not

storing the examined TB slides. Examined TB slides were sampled from the five DOTS

microscopy centres. Malaria slides were from only two of the five centres (IDH and

WDL) where malaria slides were available during the assessment period.

4.2 Design and implementation of integrated quality assessment system for TB and
malaria microscopy in Kano state.

It was recommended (APHL, 2002) that a quality assessment system for TB
microscopy should be implemented in areas or regions where DOTS is well established.
The first approach in developing an integrated QA system for TB and malaria
microscopy was therefore to assist the state TB control programme establish and
expand 1ts TB microscopy QA system in accordance with the recommendations by the
national TB control programme of Nigeria (NTBCP, 2004). In this project, therefore,
the external quality assessment system for TB microscopy was started in the 5 centres

that were storing examined slides and malaria microscopy QA was subsequently

introduced in these centres.

4.2.1 Intervention strategies for setting up integrated QA system

Combining the TB and malaria quality assessment was a gradual process in which the
feasibility depended on the success and progress made in establishing and strengthening

the TB microscopy EQA system. The specific steps followed in the development and

strengthening of TB microscopy quality assessment system in Kano were:
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e Developing a modified external quality assessment system for the TB control

programme.
o Piloting the modified method of data collection by conducting a baseline

assessment of the quality of TB microscopy in DOTS laboratories 1n the state.
e Implementing the quality assessment system in the 5 microscopy centres.
o Performing the duties of the local government TB supervisors such as slide

selection and training the supervisors on their role in the EQA activities.

e Organizing, along with the state TB microscopy quality control officer,
schedules of visits to the selected centres for supervision, sampling, re-reading
of slides and feedback for quality improvement.

e Compiling and analyze the results of EQA and wnting an interim report at the
end of each quarter and submission to the TB control officer.

 Providing transportation, feeding and stationary needs for the EQA activities 1n

2 quarters of 2005 and the four quarters of 2006.

Specific strategies for the development of malaria microscopy quality assessment

system were to:

e (Conduct a baseline study to determine the quality of malaria microscopy
based on the Leishman stained thin blood films used in the laboratories.

e Tramn microscopists in the identify malaria parasites in both thin and
thick blood films.

e Develop a mechanism of supply of materials required for malaria
microscopy in the secondary and tertiary heath facilities.

* Advocacy to policy makers on the need for the development and support
of a system for ensuring accurate laboratory diagnosis as the basis for

treating malaria with new drug combinations (ACTs).
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4.2.2 Selection of quality assessment procedures

Blinded re-checking was selected as the realistic procedure for the implementation of

EQA for AFB microscopy for the following reasons:

1. It 1s the standard method for monitoring laboratory performance over a defined
period of time and reflects reality of routine performance.

2. It 1s an ongoing and permanent process which could be expanded gradually after
piloting.

3. The method is being adopted by the national TB control Programme of Nigera
and 1n malana control programmes in Philippines (WHO, 2005a)

4. The heavy workload at the higher level (central QA laboratory) would match the

distnbution of laboratory staff in the state: senior laboratory scientists are

concentrated 1n laboratories within urban Kano.
5. Suitable for the relatively low level of workload for the district laboratories

6. Motivates improved daily performance as the technicians are expecting visits by

the supervisors.

7. Blinded re-checking was recommended as the most efficient procedure for

making the first broad assessment of sputum smear microscopy services (Basra
et al, 2006).

However, the process of blinded rechecking as described in the literature (APHL, 2002)

does not suit the initial stage of implementation of the QA system for TB and malaria

microscopy in Kano because of the following reasons:

* There were only 5 designated TB microscopy centres at district levels, and these

laboratonies were at the same level of functioning as peripheral TB microscopy

centres.

* There was no central laboratory at the state or zonal level that would serve as

the second level re-checking centre.
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For the purpose of this project, therefore, a modified system of blinded re-checking was

designed. The blinded re-checking of slides sampled from the laboratories would be

centralized in one laboratory where the first and the second re-reading would be
conducted independently. The epidemiology laboratory situated at the IDH was made
the laboratory for the re-checking activities because the state TB microscopy quality
control officer was based in the laboratory and no other routine laboratory services were
conducted 1n the laboratory. Also, a new microscope was available and preparation of

reagents for ZN staining were performed centrally in this laboratory and distributed to

other TB microscopy centres.

4.2.3 The structure and components of the integrated TB and malaria microscopy
QA system

An outline of the proposed integrated EQA scheme for TB and malaria microscopy is

shown 1n Figure 4.1.
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Figure 4.1: The scheme for integrating TB and malaria microscopy quality
assessment
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4.2.3.1 Extending the role of TB microscopy supervisors to include malaria
microscopy

The local government supervisors were staff of the medical and health department of

the local government councils. One supervisor usually oversees the DOTS activities in
one or two local government areas. The supervisors had a significant role 1n both
maintaining a regular supply of reagents and materials for TB microscopy activities and
the external quality assessment of TB microscopy by ensuring keeping of examined
slides and performing the sampling of slides for EQA. They also collected TB slides for
rechecking at the quality control laboratory in accordance with the guidelines of the TB
control programme. They were trained on the integrated supervision and sampling of
malana slides for EQA. The state TB microscopy quality control officer was a senior
trained microscopist with the relevant experience and competence to coordinate and

supervise the quality assessment process.

4.2.3.2 Extending the role of TB microscopy quality control officers to include
malaria microscopy

A group of 5 and experienced TB and malaria microscopists were selected from the
tertiary and secondary health facilities. At lease four microscopists are required for the
integrated re-reading of TB and malaria slides at every re-checking period. TB and
malana microscopy slides were collected by the TB supervisor and submitted to the
state. TB quality control officer at three month intervals for re-checking at a state
secondary laboratory. The slides were re-checked independently by two of the five
selected microscopists. TB and malaria microscopy checks were integrated by using a
pair of microscopists from the pool of five experienced microscopists with skills in both
malana and TB microscopy. Re-checking was done by the two readers the same

technique as used in the district laboratory to ensure that the technical characteristics of

the method are comparable.
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4.3 Method of sampling TB and malaria slides

4.3.1 Lot Qﬁality Assurance Sampling (LQAS): The methods used for determining

the number of slides to be sampled were based on the Lot Quality Assurance System

(LQAS) (APHL, 2002). LQAS is a method to determine an optimum sample size which
when applied properly, yields a statistically acceptable sample to assess quality of slides
for TB microscopy. Protocols based on LQAS were also applied in determining the

number of slides to be sampled for both TB and malaria microscopy for quality

checking (Selvakumar et al, 2005; WHO, 2005a).

LQAS allows selection of a smaller number of random or consecutive slides sufficient
to detect poor performance with a known degree of probability compared with the

previous method of rechecking all positive slides and 10% of the total number of

negative slides (APHL, 2002).

4.3.2 Parameters for determining the number of slides to be examined

a) Lot (N): Total number of negative slides prepared in a specified period of time (one
month, one quarter, one year). In this project, number of negative slides in one year was
considered. Number of negative slides in 2004 in the 5 selected DOTS laboratories was

2,464 (Table 4.3) while the number of negative malaria microscopy slides in 5
laboratories was 1,652 (Table 4.4).

b) Critical Value: A critical value is an upper threshold of the proportion of false
negative among all the negatives beyond which intervention is deemed necessary. A
critical value can be chosen from an estimate of historical (long term) false negativity
rates, but in the early stages of an EQA programme, accurate data may not be available.
However, the IUATLD guidelines recommended that when establishing a new quality
control system, sampling should be designed to identify laboratories where the

proportion of false negative slides (i.e. positive slides falsely classified as negative) is
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likely to exceed a critical value of 5% (IUATLD, 1998). The crntical value was

therefore set at 5% 1n this project.

¢) Acceptance Number ‘d’: The maximum number of false negative errors allowed in

the sample after which the National Tuberculosis Programme can no longer be certain
that the expected performance has been achieved. The value chosen for “d” has a direct
impact on sample size. The larger the acceptance number, the larger the sample size
required. In order to achieve the smallest, most efficient sample size, a value of d=0 is

recommended. In this project, d=0 was therefore selected as the acceptance number for

both TB and malaria microscopy.

d) Slide Positivity Rate: The proportion of positive smears among all slides in the
laboratory from which the sample is to be taken. This number is estimated using the
laboratory registers from the previous year. The number of slides to be examined was

determined using the average positivity rate for the five selected laboratories since

precision at the level of each laboratory may not be necessary or practical.

SPR = Number of positive smears per vear x 100
Total number of smears in 1 year

The average slide positivity rate for TB microscopy in the selected centres was 15%

while that of malaria microscopy was 47.2%.

¢) Sensitivity and Specificity: Sensitivity is the ability of the microscopist to detect
AFB relative to the controller. Relative sensitivity for high positives (2+ to 3+) should
be close to 95% but may be as low as 30 -50% for low positives (1-9 AFB / 100 fields).
For new programmes a sensitivity of 75-80% is recommended in order to give smaller
- number of slides to be re-checked, which may help to make implementation of a

rechecking programme more feasible. As the programme obtains additional resources,
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and as overall performance is expected to improve, the sensitivity used to determine

sample size should be increased to 80 or even 85%. Sensitivity was set at 80% for both

TB and malana microscopy.

Specificity 1s the ability of a microscopist to identify AFB correctly when present in the

sputum smear. Specificity was set at 100% for both TB and malana microscopy at a

confidence interval of 95%.

4.3.3 Calculations of number of TB and malaria slides to be sampled for re-
checking.

Table 4.2 Workloads and slide positivity rates for AFB microscopy in 5

laboratories in Kano (2004)
Number Number Slide positivity
nositive negative rate (%o

1,879
119
49
56
70
2173

Average Slide Positivity Rate (2004) =77/5 =154

Average workload (Negative slides) =12,319/5=2463.8
Round up to the nearest thousand  =5000

TB Centre Number of

slides

12,525
790
349
508
320

14,492

IDH
Wudil
Gwarzo
Danbatta

Total

Sensitivity = 80%
Specificity =100%
Acceptance Number (d) =0

Confidence Interval =95%

Tabulated number of slides / year =69

Slides to be sampled / quarter =69 /4 =17
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Table 4.3 Workloads and slide positivity rates for malaria microscopy in 6
laboratories in Kano (2004)

Centre Number of slides | Number Number Slide
(2004) positive negative positivity rate
%

Total  |15642  [7383  [8s9 |
Average Slide positivity Rate =7383 /15642 X 100 =47.2%

Average workload (negative slides) =8259/5=1651.8

Round up to the nearest thousand  =1000

Sensitivity = 80%

Specificity =100%

Acceptance Number (d) =()

Confidence Interval =95%

Tabulated number of slides/ year =33

Slides to be sampled / quarter =33 /4=28.25 Approximately &

Table 4.4 Number of TB slides required for rechecking based on modified LQAS
method

T~ slidePositivityRates
s0 0 |54 8 | 62 | 48 | 39 | 31
1000  [180] 96 [ 66 | 49 | 40 | 33
5000  [208] 103 | 69 [ 50 | 40 | 33
s000  [216] 104 [ 69 [ 51 | 40 | 33

* Based on LQAS method applied to the negative slides with a sensitivity of 80 and specificity
of 100%, Acceptance number d=0 and 95% Confidence Interval.

Source:; External Quality Assessment for AFB Microscopy (APHL, 2002).

f) Selection of TB slides: The number of slides sampled at the end of each quarter in
each of the laboratonies was 17 slides. The average number of slides to be rechecked in

distnict laboratories that processed approximately 5000 smears per year, with a
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positivity rate of 15% 1s 69 slides per year (Table 4.4). This indicates that
approximately 17 slides are to be collected during each quarterly visit. However, the

state quality control officer suggested that the sample size should be fixed at 15 slides
as recommended by the protocol of the NTBCP (NTBCP, 2004).

Figure 4.2 Selection of slides from the TB laboratory register using the LQAS
method.

"’*3 I

Sampling intervals were determined by dividing the total number of slides examined in

the quarter by 15 and the resulting number (N) was the interval between each of the
slides to be selected. If a laboratory examined a total of 330 slides, then every 22™
(330/15) shde was selected from the register to make up 15 slides for the rechecking

exercise. The slide identification numbers and AFB microscopy results were entered

into a QA form, together with the date and the name of the microscopy centre.

[n order to eliminate selection bias, slides were selected using the laboratory register. In

each of the centres I made the selection of slides to be examined from the register and

recorded the results in a database (Figure 4.3). In this manner, the results were shielded

(blinded) from the state quality control officer and the other 1% reader MICroscopist.
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The selected slides were then collected from the entire set of slides. If a slide was

missing, it was substituted by the one after it. When several slides were missing the

selection was repeated from the register starting from a different point.

Figure 4.3 Sorting of selected slides from the lot of stored slides using the LQAS
method.

g) Sample size of malaria slides

With an average slide positivity rate of 30% and aiming to detect performance at 80%

sensitivity and 100% specificity for presence of parasites with a 95% confidence

interval, 33 slides are required annually (Table 4.5). The number of slides required in

each quarter 1s approximately 8 slides.

[n this project, the average number of negative slides processed by the district
laboratories was approximately 1000 per year, with a positivity rate of 47.2%. The

number of slides required for a slide positivity rate of 47.2% is less than 8 slides per
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quarter since the number of slides at a particular workload decreases with increase 1n
the slide (Table 4.5).

Sampling intervals were determined by dividing the total number of slides examined in

the quarter by 8 and the resulting number (N) was the interval between each of the
slides to be selected. If a laboratory examined a total of 330 slides, then every 41*

(330/8) shide was selected to make up 8 slides for the rechecking exercise. The shde
identification numbers and malaria microscopy results were entered into a QA form,

together with the date and the name of the microscopy centre.
4.4 Slides assessment criteria and rechecking protocols

4.4.1 Assessment of stained sputum smear slides and malaria blood films

Stained slides were assessed by the quality of sputum smear and ZN staining for TB
microscopy according to the guidelines of the GLRA (GLRA, 2002). Malaria slides

were assessed by the quality of blood film preparation and staining according to the
description of Cheesbrough (1989) (Table 4.5).
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Table 4.5 Criteria for assessing the quality of TB and malaria slides

Quality of preparation and staining of sputum smear and blood films for TB and malaria microscopy

Sputum smear / staining Thin blood film / Leishman staining

Smear of approximately 1 x 2 cm, evenly distributed on | Gross appearance: A thin film with distinct head, body and
the glass slide; thickness allows printed letters to be | tail.
read through.

Staining allows AFB and the background to be clearly
distinguished as red against a bluish background.

Microscopic appearance: Demonstrates a monolayer of

RBCs, and RBCs with normal and abnormal morphology.

Staining allows the trophozoits, gametocytes and /or
schizonts and the white blood cells to be clearly
distinguished against the background.

Smear is thick so that printed letter cannot be read | Gross appearance: Film with uneven tail, too thick, too

through or unevenly distributed with a size more than | wide or too long with uneven thickness.

1x 2 cm.

Microscopic appearance: Demonstrates a monolayer of

RBCs, fixed RBCs and RBCs with abnormal morphology.

Staining: Due to over decolourization, AFB appears

faint red colour or due to under decolourization

remnants of carbol fuchsin or methylene blue appear on

Staining allows the trophozoits, gametocytes and /or
schizonts malaria parasites and the white blood cells to be

clearly distinguished against the background.

the background or unsmeared parts of the slide.

Smear 1S made from saliva and was too thin with | Gross appearance: Film with ragged tail, too thick, too

indefinite size or made too thick that printed letters | wide or too long with uneven thickness.

cannot be read through. Microscopic appearance: Distorted appearance of the

Stains sticks on the smear and difficult to spo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>