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ABSTRACT

Despite Tuberculosis (TB) being a highly curable disease, it continues to result in over
5% of deaths in the Sub-Saharan African country of Malawi. Coupled with HIV, the
disease remains one of the leading causes of death in Malawi. In the summer of 2015, 1
joined a research team from Partners in Hope to conduct a survey evaluating the health
centers that provide TB care in the Kasungu region of Malawi. After visiting 23 health
centers, the results of the 47-question survey were compiled and analyzed to provide
information on the capabilities and practices at each health center. The results of the
survey revealed several factors that may result in an under-diagnosis of TB in Kasungu.
Complications arising from dual infection of HIV and TB render the standard microscope
diagnosis method less accurate, and patients are not being referred to the district hospital
to receive a proper diagnosis by over 90% of health centers. The quality of record
keeping was found to be insufficient at over 40% of health centers, which limited this
study’s ability to track patients from one site to another. The sputum collection system
using satellite collection sites, which is designed to decrease the burden of travel on
patients needing TB diagnosis services, is almost completely defunct. Health center staff,
who are themselves overworked, identified lack of transportation as a major barrier for
patients to receive care for TB. In order to diagnose a higher percentage of TB cases in
Kasungu, health center staff needs to be provided with more information to follow
referral procedures and keep patient records with more accuracy. Subsidized
transportation would additionally reduce the burden of travel on patients and allow for
more diagnoses to be made. TB record-keeping supplies, in short supply at most of the

health clinics, should be delivered along with the readily available TB medications.
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INTRODUCTION

Tuberculosis (TB) is one of the leading causes of global deaths despite being highly
treatable. TB is a major burden in Sub-Saharan Africa, and the disease disproportionately
impacts the poor in all countries. The current goal for combatting TB calls for a 95%
reduction in TB deaths compared to 2015 and a 90% reduction in the TB incidence rate
(WHA, 2014). For the current global strategy to succeed, in depth analyses of TB care in
rural and hard-hit areas will be essential to understanding the barriers to preventing TB
deaths. In this study, specific capabilities of TB health centers in Malawi are mapped,
measured via a survey, and analyzed to reveal the factors that stand in the way of an effective
TB response.

Tuberculosis is a disease caused by the bacterium Mycobacterium tuberculosis that
primarily infects the lungs. An airborne communicable disease spread through coughing,
sneezing or spit, TB is both curable and preventable (WHO, 2015). TB exists in both active
and dormant (latent) forms. Once active, symptoms include cough, chest pain, weakness,
weight-loss, fever and night-sweats. Without proper treatment, 45% of people with TB on
average and nearly all HIV-positive people with TB will die (WHO, 2015). To test for TB, a
microscopic examination of sputum (‘smear’) can identify the acid-fast bacilli (AFB) that
signify infection with TB (Behr et al., 1999). Patients with tuberculosis with sputum smears
negative for acid-fast bacilli are less infectious than those with positive smears, but both

theoretical and empirical evidence suggest that they can still transmit TB (Behr et al., 1999).

Global Incidence of TB

The year 2015 marked the final year of the Millennium Development Goals (MDGs)
and their target to reverse the spread of TB. It additionally marked 20 years since the WHO
established a global TB monitoring system (WHO Global TB Report, 2015). TB incidence
globally has fallen by an average of 1.5% per year since 2000 and currently stands 18%
below the rate in 2000 (WHO Global TB Report, 2015). While these numbers remain
encouraging, 1.5 million people still died from TB in 2014 despite TB being a highly curable
disease (WHO Global TB Report, 2015). Additionally, 9.6 million people are estimated to
have fallen ill with TB in 2014, of which 6 million were reported to the WHO. These



calculations suggest that an estimated 3.6 million (37%) people with TB did not receive
treatment in 2014 (WHO Global TB Report, 2015). According to the WHO 2015 Global TB
Report, 8.6 million people develop TB yet fewer than 6 million cases are reported and treated
(WHO, 2015). Case detection of TB is still quite below the UN Sustainable Development
Goal to End TB by 2030 target of 70%. Clearly, identifying cases of TB is the first step in
treatment and without a high detection rate, the burden of TB will continue. While progress
has been made, eradicating TB globally will rely upon improvement in case detection and
treatment in the countries where the burden has been the most significant.

Several international bodies have set goals and targets in order to stimulate global action
in reducing the incidence of TB and increasing cure rates. In 2000, the United Nations
General Assembly accepted the targets outlined in the Millennium Declaration and
recommended that the WHO call for 70% TB case detection and 85% cure rates (WHO,
2009). The Global Plan to Stop TB 2006-2015 outlined several key goals to be met by 2015.
The plan failed to reach 85% of HIV patients tested for TB and enrolled into Directly
Observed Therapy programs (DOT) but succeeded in reducing mortality rates down to 50%
(WHO/WHA, 2014). In 2015 the World Health Assembly accepted the World Health
Organization’s Global strategy and targets for tuberculosis prevention, care and control
after 2015. With an ultimate goal of ending the global TB epidemic, the framework calls for
a 95% reduction in TB deaths compared to 2015 and a 90% reduction in the TB incidence
rate (WHA, 2014).

Dual Burden of HIV & TB

The rapid growth of tuberculosis (TB) in Sub-Saharan Africa has been inextricably linked
with the HIV epidemic (Fielder, 2009; Chaisson, 2010; Tweya et al., 2013). The dual
infection of HIV and TB presents numerous diagnostic and treatment issues. In 2014, 54% of
TB patients in Malawi were HIV-positive (WHO, 2016). According to the WHO, the risk of
developing TB is up to 31 times higher in HIV-positive people than those without the HIV
infection (WHO, 2015). The interaction between TB and HIV can promote the prevalence of
TB in two ways. First, if a population has high rates of latent TB, infection by HIV increases
the reactivation of TB 100 fold in the individual (Chaisson et. al, 2010; Tweya et al., 2013).

Second, people with HIV-induced immunosuppression are at an exceptionally high



vulnerability to active TB (Lawn et al., 2006; Chaisson et. al, 2010; Kanyere et. al, 2005). In
addition to being more susceptible to TB, HIV-positive individuals who acquire TB see faster
rates of clinical decline due to the dual infection (Idemayor, 2007). In 2014, of the 9.6
million new reported cases of TB globally, 1.2 million were among those who were already
HIV-positive (WHO, 2015). HIV prevalence among TB patients remains quite high in Sub-
Saharan Africa overall (Van Lettow et al., 2015).

In response to the frequency of dual HIV and TB infection, the WHO has developed
guidelines to facilitate the simultaneous care of both diseases (WHO, 2009). The number of
TB cases can be reduced when additional strategies are developed to control both diseases
concurrently (Kanyere et al., 2005). Integrating care for both diseases is a priority of the
overall treatment plan in resource-limited countries. A study done at the Martin Preuss
Centre in Malawi examining how well care for both diseases was integrated found that HIV
testing for TB patients was done at a high rate, and the TB treatment rates for HIV-positive
and negative patients were similar (Phiri et al., 2011). Overall, the approach to the dual
epidemic has been successful in Malawi with 93% of TB patients currently knowing their
HIV status (WHO, 2016).

Multiple studies reaffirm the statistic that one in four HIV infected patients in the world
die from TB (Fielder, 2009). A study conducted by Coleblunders & Bastian (2010) found
that countries with large numbers of people affected by both HIV and TB have experienced a
disproportionate increase in smear-negative forms of TB. Smear-negative TB cases are those
that show clinical and radiological evidence of pulmonary TB but repeatedly negative
sputum investigations (Coleblunders & Bastian, 2010). They also found that HIV-positive
patients with smear-negative pulmonary TB to be more immunocompromised, have more
adverse drug reactions, and suffer higher mortality rates on treatment for TB (Coleblunders
& Bastian, 2010). Diagnosis of sputum-negative TB cannot be done with high accuracy
through standard sputum microscopy (Siddiqi et al., 2003). A similar study conducted in the
Lilongwe district hospital in Malawi in 2001, that found the rise of HIV was associated with
an increase in smear negative cases of TB (Hargreaves et al., 2001). However until recently,
treatment protocol for management of smear negative TB was still based on this disease for
an HIV negative population (Coleblunders & Bastian, 2010). This has resulted in the updated
National TB Guidelines now requiring all HIV-positive patients to be tested for TB.



Challenges in TB Surveillance, Diagnostics, Treatment in Sub-Saharan Africa

The dual threat of HIV and TB is but one of the many challenges that face health care
systems in resource poor Sub-Saharan Africa. As health care systems tackle the arduous
challenge of combatting both epidemics simultaneously, several trends have emerged
highlighting the past and current shortcomings of diagnosing and treating TB in Sub-Saharan
Africa. As of 2000, “over half of all smear-positive TB cases were living in 49 countries that
detected less than 40% of cases” (Dye et al., 2005). Focusing on these countries with low
levels of case detection will be vital to achieving the WHO sponsored TB goals moving
forward. A majority of the burden falls onto the diagnosis process as once TB is found,
treatment success rates have been high. Globally, treatment success rates have been

maintained at 85% or more since 2007 (WHO, 2014).

HIV-positive status & sputum smear negativity

The standard examination for TB in resource-limited settings is the microscopy of sputum
samples testing for the presence of acid-fast bacilli (Behr et al., 1999; Fielder, 2009). A
major complication in the diagnosis of TB among such a highly co-infected HIV-positive
population is that HIV-positive patients commonly present with smear negative TB
(Boniface et al., 2011; Fielder, 2009). Older studies show 33% to 50% of pulmonary TB
cases in HIV-positive patients are smear negative (Elliot et al., 1993). Recent studies have
shown that the majority of HIV-positive patients will be infected with smear negative TB
currently defined as, “symptomatic illness in a patient with at least two sputum smear
examinations negative for acid-fast bacilli (AFB) on different occasions in whom pulmonary
tuberculosis is later confirmed by culture, biopsy, or other investigations”(Siddiqi et al.,
2003). A study conducted in a South African ART clinic on HIV-positive patients recently
found that despite having the highest quality microscopes, 87% of the culture proven
pulmonary TB cases were smear negative, demonstrating the diagnostic difficulties of smear
negative TB. Patients cannot be diagnosed by sputum smear through a microscope yet remain
highly infectious (Behr et al., 1999; Edwards et al., 2009). In Kenya, standard microscopes
resulted in 64% of culture confirmed TB cases testing smear negative in HIV-positive

patients (Kivihya-Ndugga et al., 2009). The majority of clinical studies show that HIV-



positive patients have a higher rate of smear negative TB than patients without HIV
(Coleblunders et al., 2000).

Research on diagnosing HIV-positive patients with the standard sputum microscopy has
led to the use of “Xpert MTB/RIF” (Xpert) as a more accurate diagnostic tool for TB. The
Xpert is a fully automated nucleic acid amplification test (NAAT) that can diagnose TB in
HIV-positive patients with higher accuracy than standard microscopy (Boehme et al., 2011).
While the exact accuracy of the test varies by country, it has been successful enough for the
WHO to endorse its implementation in countries with high TB incidence as of 2010 (WHO,
2010). Currently, the Malawian National TB Guidelines call for HIV-positive TB suspects to
be referred to a facility with Xpert diagnostic capabilities (MTBG, 2014). Despite the
efficacy of the Xpert, cost and practical barriers to implementation such as electricity and
trained personnel has hindered widespread use (Hoffman, 2016). While expensive to
implement, early results from a study conducted in nine countries resulted in the authors
concluding, “benefits of improved diagnostics for TB and drug-resistant TB provide ample
justification for long term support from donors” for the higher cost of machinery (Creswell et

al., 2014).

TB Diagnosis

The standard microscopy test requires the collection of sputum samples from TB
suspects. This approach has limited effectiveness because of the burden of travel for patients,
as defined by the distance, cost and frequency of trips for patients to reach health centers. To
help minimize the burden of travel, health centers set up sputum collection sites located in
villages around the health center. Sputum refers to mucus collected from the lungs and
differs from saliva (WHO, 2013). The system was designed to allow those with TB
symptoms to submit sputum samples at designated areas regularly visited by the local health
surveillance assistant (HSA) and transported to the health center for microscopy. The patient
is then typically notified by phone with the results of the test.

The effectiveness of sputum collection systems has been an understudied component of
Malawian TB care. The speed with which the sputum is delivered and submitted for testing is
integral to an accurate diagnosis, as increased time in storage can lead to a false negative
diagnosis (Banda et al., 2000). The WHO guidelines call for a sputum sample to be tested

within two weeks of being submitted in order to avoid a false negative (WHO, 2013).



Although some research has found that sputum can still test positive up to 8 weeks after
being submitted if properly refrigerated and that 50% of positive samples could be tested
accurately even after 4 weeks without refrigeration (Banda et al., 2000). However these
numbers highlight the importance of timely processing and refrigeration of sputum sample
transport.

In the late 1990s, the National TB Program (NTP) instituted a bus collection service to
transport sputum samples from rural areas to diagnostic centers. However, upon review, the
system failed to deliver the samples within the adequate timeframe (Harries et al., 2004). A
quality control study done in the central region of Ntcheu, Malawi found a successful sputum
collection system in place. They found greater than 90% of samples collected from 817
patients reached their destination health centers within 7 days (Mundy et al., 2002), although
all of the samples that did not make it to the health centers before 18 days all were from rural

areas and none tested smear positive (Mundy et al., 2002).

Diagnosing TB in children

In 2014, an estimated 140,000 children died from TB globally, (WHO Global TB Report,
2015). Diagnosis and treatment of TB is further complicated in children (Lawn et al., 2006),
as the standard microscopy test often produces false negatives for children (Nicol et al.,
2011; WHO, 2013). This is due in part to the difficulty in obtaining sputum samples from
young children (Zar et al., 2005). In order to obtain a sputum sample, a deep cough must be
repeated. It has been notoriously difficult to obtain sputum from children, as they must cough
the sputum up themselves (Zar et al., 2005). Children with TB primarily present with a smear
negative form of the disease (WHO, 2013) In 2001, a study conducted in Blantyre, Malawi
found that 39% of children could not be diagnosed from sputum samples. Instead, the
diagnosis was based on history of contact, clinical features and a single chest x-ray
(Kiwanuka et al., 2001). A study conducted on the peri-urban community in the Western
Cape, South Africa, investigated the epidemiological changes of TB cases from 1996-2004.
They found the 10-49 year old age group to have the highest increase in rates of TB (Lawn et
al., 2006).



Cost to the poor

The complexity in diagnosing and treating TB places an economic strain on already
impoverished populations in resource-limited countries such as Malawi (Simwaka et al.,
2007). Malawi ranks as the country with the lowest Gross National Income (GNI) per capita
at $250 USD (World Bank, 2014). Malawi also ranked last in Gross Domestic Product
(GDP) per capita at $255 USD (World Bank, 2014). With the majority of Malawians
dependent upon daily work in urban areas or tending agricultural fields, taking a day off
work to visit a health center comes at a substantial economic cost to the individual (Simwaka
et al., 2007). While TB drugs and treatment are free to patients, the cost of travel to clinics
and lost income from missing work are important barriers to TB diagnoses and treatment.
These direct and indirect costs are considered notable barriers to treatment (Simwaka et al.,
2007). For poor Malawians, the cost of accessing TB care can be up to 248% of their
monthly income (Simwaka, 2012). With private health care providers being geographically
and economically out of reach for the majority of Malawians, the burden of providing care
will remain on the public health system (Simwaka, 2012).

Several research studies have identified other factors that present challenges for TB
diagnosis and treatment. Distance from urban centers was the largest determinate for lack of
TB knowledge and delayed treatment, with those living closer to large cities having higher
TB knowledge regardless of education level (Ngwale, 2001; Kanyere et al., 2005). Overall
distance and lack of transportation have been found to play the largest role in patient’s delay
for TB treatment (Kanyere et al., 2005). Patients living more than 10km from a diagnostic
center in Malawi were found to have longer delays in treatment, a finding in line with a
previous study done in Malawi in the late 1990s that found rural patients at higher risk of
spreading TB (Salaniponi et al., 2000; Makwakwa et al., 2014).

The basis of the health center delay in patients visiting rural health centers without TB
diagnostic capabilities results from the patient being referred further from home (Makwakwa
et al., 2014). A study completed in 2014 found health centers in Malawi responsible for 70%
of total delay between onset of symptoms and completion of TB therapy (Makwakwa et al.,
2014). This finding carries significant weight, as delays in the diagnosis and treatment of
pulmonary TB have been linked to an increased risk of infectivity and poor treatment

outcomes (Makwakwa et al., 2014). The median health center delay in Malawi was found to



be 59 days for new cases, well beyond the recommended WHO two-week period
(Makwakwa et al., 2014). Health center delay refers to the time period between the first
patient visit and start of antibiotic therapy for patients. In another study from Malawi, lack of
knowledge about TB and HIV stigma associated with the poorest citizens played a role in
delayed treatment, as patients associated TB with HIV and feared finding out they were HIV-
positive (Kanyere et al., 2005; Simwaka et al., 2012).

TB Treatment

The National Tuberculosis Program in Malawi has implemented the WHO recommended
Directly Observed Treatment Short Course (DOTS) strategy since the early 1980’s. The
strategy contains five main components spanning technical, logistical, operational and
political fields. The first element is political commitment with increased and sustained
financing. The second element calls for case detection through quality assured bacteriology.
This includes use of a sputum microscopy and a pledge towards a strengthened laboratory
network. The next element is standardized treatment with supervision and patient support.
The WHO justifies the need for directly observing treatment as up to a third of patients do
not take medication as prescribed and another third make errors in self-medication (WHO,
1990). An effective drug supply and management system is the fourth element of DOTS and
specifies that TB drugs should always be free to patients. The final element is a monitoring
and evaluation system with impact measurement. This calls for standardized recording of
individual patient data and treatment outcomes to be complied into quarterly treatment
outcomes for cohorts of patients (WHO, 1990).

The DOTS strategy has been implemented in the Malawian TB control program since
1984 (Harries et al., 2001). Countries that employ the DOTS strategy have had good data on
case finding, high rates of sputum positive pulmonary TB and better cure rates than programs
that do not utilize DOTS (Harries et al., 2001). While overburdened by the onset of the HIV
epidemic, a declining economy and generally poor health indicators, Malawi has seen the
DOTS program as the best option for the control of TB (Harries et al., 2001; WHO, 2013).

Despite some tangible successes of the DOTs program, some research suggests it may not
be fully attributable to direct observation. A randomized controlled trial in South Africa

comparing the treatment rates of directly-observed to self-supervised patients found that the



self-supervised patients had a slightly higher treatment success rate of 60% than the directly-
observed patients at 54% (Zwarenstein et al., 1998). The researchers behind this study
highlight the costs that would be saved without direct observation and called requiring
patients to be observed taking their pills “alienating and authoritarian”( Zwarenstein et al.,
1998). Removing the “directly-observed” portion of treatment would free time for health
service assistants (HSA) that could be redirected to other patients and save money by
reducing transportation costs. In line with these findings, a study from Pakistan compared
treatment outcomes of sputum positive patients who were health center-observed, family-
observed and self-observed during their TB treatment. They found similar cure rates among
each group, again challenging the effectiveness of health center directly observed treatment
(Walley et al., 2001). In a comprehensive look at all of the studies done on the effectiveness
of directly observed treatment (n=111), researchers concluded that the directly observed
component of DOTS should not be given the marquee designation of the program (Volmink
et al., 2000). Instead, they call for the WHO to redefine the factors that make up a successful
DOTS TB treatment strategy as including an actively managed program of tuberculosis

control, with a mixture of inputs to improve overall adherence (Volmink et al., 2000).

Adherence to medication

If patients are able to overcome the socio-economic and health systems hurdles to receive
an accurate TB diagnosis, the course of treatment remains far from convenient. Currently, the
standard TB treatment regimens are a combination of the isoniazid, rifampicin, pyrazinamide
and ethambutol antibiotics (Chirwa et al., 2013; WHO, 2014). Those who had taken
medication in accordance with the prescribed schedule saw cure rates of 95% however, cure
rates decrease in accordance with the number of treatment days missed (Chirwa et al., 2013).
A study in Malawi found that missing 15-29 days of treatment resulted in the cure rate falling
to 42%, demonstrating that treatment of TB requires a high degree of compliance to
medication to facilitate cure (Chirwa et al., 2013).

Achieving the goals set by the Post 2015 Global TB Strategy Framework of a 75%
reduction in TB deaths and a 50% reduction in incidence rate by 2025 will require
improvements at every stage of the TB diagnostic and treatment process. Research has

focused on improving the effectiveness and efficiency of TB care in resource-limited



settings. In a study on the effectiveness of current estimations used for TB incidence and
prevalence, several recommendations were made to improve the current surveillance
methods. It called for: monitoring the performance of health facilities including: whether all
facilities report, how many cases reported, their catchment areas, and the variation from year
to year and from one facility to another (Dye et al., 2003). Another study highlighted the
importance of specifically targeting the areas with the highest risk of TB, including families
of patients with HIV or TB (Chaisson et al., 2010). The WHO highlights the importance of
improvements to current quality of data collection at all levels of care (WHO/WHA, 2014).
An overview study done on the Malawian healthcare system found weak monitoring and
evaluation, poor data management and inconsistent reporting to be a major challenge in

providing care (Chitsulo et al., 2014)

Malawian Healthcare System

TB remains a major public health issue in Malawi, one of the poorest countries in the
world. The Malawian healthcare system operates within the broader context of severe
underdevelopment. As of 2013, HIV was responsible for 25.2% of deaths in Malawi while
TB accounted for 5% of total deaths (IHME, 2013). HIV/AIDS remains the leading cause of
death in Malawi while TB ranks fourth (IHME, 2013). The WHO estimates that only 78% of
total TB cases are currently diagnosed in Malawi (USAID, 2015). The number of TB cases in
Malawi increased steadily from 1995 until 2003, when it reached its peak of 28,000 cases
(USAID, 2015). In 2013 alone, 20,335 new and relapse cases and 1,400 deaths were reported
in Malawi (USAID, 2015). The Malawian healthcare system operates

The healthcare system in Malawi is broken up into a four-tiered network consisting of
community, primary, secondary and tertiary care levels (Zere et al., 2007). Primary health
care consists of health care centers located throughout the country providing a broad variety
of services and are primarily staffed by health service assistants (HSAs) and nurses. The
services offered by primary health care centers include the Malawi Essential Health Package
(EHP): reproductive health, HIV treatment, TB treatment, diarrheal disease treatment,
malnutrition care and care of common injuries (Chitsulo et al., 2014). Of the 900 primary
health care facilities, 493 are government operated. Secondary level care is provided through

district hospitals, non-profit mission hospitals operating under the Christian Hospitals
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Association of Malawi (CHAM) and for-profit hospitals in the private sector. Secondary
level care includes the EHP in addition to additional diagnostic services and limited
specialized care (Chitsulo et al., 2014). Tertiary care is completed by centralized level
hospitals that have the ability to provide advanced specialized care, research and teaching
services. Currently, Malawi has only 6 “central” hospitals and a doctor to patient ratio of
1:50,000 (Chitsulo et al., 2014). Most central hospitals are lacking qualified specialists and
advanced diagnostics and care offered in these settings is often only marginally better than
that offered at the district level (Hoffman, 2016). TB care is offered as a branch of care at all
levels of care.

TB care is handled at all four levels of care in Malawi and can be further broken down by
the specific TB services offered. Some health centers offer a combination of diagnostic,
initiation and continuation services. Diagnostic services are offered by health centers with
staff trained in proper sputum collection and testing, usually through microscopy (AFB
smear). Initiation services include being able to start a patient on their course of drug
treatment after diagnosis. Finally, continuation services stock patient’s treatment drugs and
hold the requisite supply of refills (Hoffman, 2016). For example, if a patient had TB
symptoms and visited the nearest health center, a continuation site, they would be referred to
a site with diagnostic services. Once they had been diagnosed and initiated into treatment,
they could continue their course of therapy through the continuation site located closest to
their home.

Partners in Hope

Partners in Hope is a non-profit hospital that provides care in Lilongwe, Malawi. In the
summer of 2015, Partners in Hope Hospital conducted an evaluation of the TB health
services in the Kasungu region of Malawi. Funded by USAID and in partnership with UCLA,
Partners in Hope’s (PIH) EQUIP-Malawi project provides “training, mentoring and facility
development at over 70 hospitals and clinics in Malawi's Central and Northern Region” (PIH,
2016). Recognizing that HIV/AIDS does not occur in a vacuum, PIH expanded its work to
broader health systems strengthening, including the Kasungu TB service evaluation. The
project surveyed each health center to characterize level of staffing, adherence to TB
guidelines, and to identify major issues from each site to characterize patterns in difficulty

accessing TB care.

11



12



METHODS

Survey

This research draws upon data collected over the course of the summer of 2015 by a
research team from Partners in Hope including Khumbo Phiri, Jimmy Chitsulo, Temwanani
Mulitswo, Lumbani Ndhlovu and Andy Currier. This district was chosen as Partners in Hope
already works in Kasungu with HIV care, and because nearly all of its TB facilities could be
surveyed over the course of a month. The research team visited two or three health clinics per
day over a month period in the district of Kasungu. Usually, the research team visited each
site accompanied by the district TB officer from Kasungu District Hospital (KDH). The
Chronic Cough Register, TB Register and Referral sheets were photographed at each site,
with the initial goal of tracking patients referred from one facility to another.

A 47-question survey was developed by Dr. Alan Schooley at Partners in Hope (Appendix
1) and administered to each health center’s TB focal person. The TB focal person is the
member of each health center that has been trained in TB diagnosis and treatment guidelines
and oversees all TB care at the site. The questions addressed basic information about staffing,
adherence to guidelines, diagnostic information and primary issues facing the health centers
and patients. It was made clear that the answers given would not be used to “grade” the
performance of the staff and would not be followed by any form of financial compensation.
The purpose of the survey questions was clearly stated as to gain a better understanding of
the issues constraining effective TB care in Kasungu and to compile the first data on the
successes and failures of the referral network. The preliminary findings of the survey were
compiled into a short appendix in a yearly report from Partners in Hope to the United States
Agency for International Development (USAID). The research presented here expands on
this preliminary analysis to identify patterns and constraints to effective TB care in the

district.

GIS Methods

I used ARC GIS (ESRI 10.3) to create maps of the spatial distribution of health centers,
population and HIV estimates per health center and the referral path within the district from
health centers. Data containing the administrative boundaries for each catchment area in

Kasungu was obtained from DIVA-GIS. The catchment areas are not clearly delineated
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boundaries and were approximated using a mid-level Malawian administrative boundary
similar to a county. Data on GPS coordinates for each health clinic were provided by the U.S.
President’s Emergency Plan for Aids Relief (PEPFAR). Arrows showing pathways of patient
referrals were generated from information acquired in the survey. The transportation costs
associated with patient referrals were identified on the survey. The cost to reach another
health center was broken into three categories and displayed by colored arrows.

HIV prevalence rates and estimates of total population for each catchment area were
provided by PEPFAR and used to calculate total number of HIV cases in each catchment
area. A color scale was then applied to demonstrate the catchment areas with the highest
number of people living with HIV. TB prevalence data for each catchment area is not
available, but as the majority of TB patients are also HIV-positive, this comparative

distribution of HIV cases may approximate the distribution of TB in Kasungu.
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RESULTS

We surveyed 23 health centers in Kasungu, a district within the central region of Malawi

(Figure 1).
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Figure 1. Kasungu region within Malawi and Sub Saharan Africa.
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The population for each health center catchment area is displayed on Figure 2. The
populations for catchment area were applied to the lowest administrative boundaries adjacent

to the health centers, and in cases of overlap, combined. The services provided by each health

center are additionally included and will be further explored in Figure 3.
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Figure 2. Population by health center catchment area and services offered by each health

center.
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The overview of the TB services offered by each health center is displayed in addition to
the referral paths between health centers (Figure 3). A diagnostic has equipment and
expertise to diagnose TB (typically microscopy for sputum AFB). An initiation site is able to
start TB treatment based on expertise and drug supply. Finally, a continuation site is able to

manage ongoing TB treatment based on resources, expertise and drug supply. The arrows

reflect the flow of referrals between the health centers.
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Figure 3. Overview of health centers in Kasungu with services offered and referral paths.
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HIV prevalence rates previously collected PEPFAR site data for each health center
catchment area with the populations of health center (Figure 2) are combined to estimate the

number of people with HIV in each catchment area (Figure 4).
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Figure 4. Estimated number of HIV-positive patients per health center catchment area in
comparison to the distribution of health centers and the TB services they provide.
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Survey results

We administered the survey to 23 health centers. All responses to the survey questions are
summarized in Table 1. The survey responses from 23 health centers provided insights into
TB diagnosis, treatment, referral patterns, patient constraints and record keeping. The total
number of respondents varies by question, as some questions were only relevant to facilities
that provided diagnostic care (n=10) and others applied to all of the health centers (n=23). A
compilation of survey answers surrounding the capabilities of health centers reveal several
trends in the diagnosis and treatment of TB in Kasungu (Table 1).

Diagnostic services refer to health center with staff trained in proper sputum collection and
testing, usually through microscopy. Initiation sites begin patients on their treatment regime
of drugs once diagnosed with TB. Finally, Continuation sites stock patient’s treatment drugs
and monitor consumption of the pills in line with the prescribed DOTS strategy. Sites that
solely offered continuation services were the most common, with sites offering all three
services the second most frequent with seven. Only four sites offered a dual combination of
diagnostic, continuation and initiation services (Table 1).

The results from the survey offer the first comprehensive look at numbers and levels of
staffing of TB health centers in Kasungu. HSA’s and nurses can undergo TB therapy training
to learn the national treatment protocols. Typically, each site has a “TB focal person” that
oversees TB care in addition to performing their tasks as an HSA or nurse. Nine of the 23
sites had two staff members trained in TB therapy while seven sites had one trained staff
member. Four sites did not have a current staff member trained in TB therapy. TB therapy
refers to overall knowledge of the diagnosis and treatment process. The majority of sites rely
upon a single HSA or nurse to provide TB care for the entire facility. Seven sites rely upon

two HSAs while only one site had three staff members devoted to TB care (Table 1).
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Table 1. Compilation of key survey results on questions surrounding health center
capabilities.

RESPONSES
SURVEY QUESTION
Number Percentage
What TB services does your health center provide?
(n=23)
All three 7 30%
Diagnostic, Continuation 3 13%
Initiation, Continuation 1 4%
Continuation 11 48%
No Services 1 4%
Number of staff trained in TB therapy at your site?
(n=23)
0 4 17%
1 7 30%
2 9 39%
3 3 13%
How many people provide TB care at your site? (n=23)
1 15 65%
o) 7 30%
3 1 4%
Has your site had a diagnostic supply stock out in the
past year? (n=21) Vee 3 3 8;%
No 13 62%
Has your site had a drug supply stock out in the past
year? (n=10)
Yes 2 20%
No 8 80%
Does your site have access to water and electricity?
(n=23)
Electricity/No water 2 8%
Water/ No electricity 4 17%
Both 10 43%
Neither 7 30%
For HIV+ patients not on ART who are diagnosed with
TB, do you have a system in place to ensure they are
started on ART as per the Malawi guidelines? (n=22)
Yes 20 90%
No 2 10%
Are TB patients who are HIV+ able to receive treatment
. . . ‘o
for both diseases during a single visit? (n=22) Ves 20 90%
No 2 10%
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Responses to survey questions additionally highlighted strengths and weaknesses in
treating TB once it had been diagnosed. Drug stock outs had not been an issue within the past
year for 8 of the 10 health centers that distribute drugs (Table 1). Of the two health centers
that reported drug stock outs within the prior 6 months, Mthunthama for 3 days and
Simlemba for 1 week, neither noted drug stock outs as a recurring problem, as the follow up
survey question asked. Diagnostic supply stock outs refer to a health center running out of
items used to record patient information, including chronic cough registries, TB registries,
patient referral cards and lab supplies used in the diagnostic process. These were a more
frequent issue with nearly 40% of health centers identifying recurring stock outs (Table 1).

The availability of electricity and running water at each health center is a key indicator in
health center capabilities overall. Ten sites had reliable access to both while six had neither.
Four sites had water but not electricity while three had electricity and no running water. Of
the ten sites without access to running water, five are solely continuation sites (Table 1).
Three of the sites without water provide diagnosis, initiation and continuation services.

The survey highlighted most frequently identified factors that constrain TB treatment.
Transportation, distance and fuel were given as primary constraints by 14 health centers.
Transportation primarily concerns an inability to transport patients to referral sites and the
limited ability to pick up sputum samples from collection points. A lack of trained staff was
given as the second most frequent answer (9), with no site having more than three clinicians
trained in TB care and the majority only having one (Table 1). Lack of district support in
updating information on updates to National TB Guidelines was given by five health centers
as a major issue. Finally, four sites gave lack of space in the health center devoted to TB care
as a major issue. This primarily refers to adequate waiting space for patients and rooms to
provide diagnosis and treatment.

The most common barriers for patients to accessing TB care, according to the health
center staff were additionally revealed. The staff gave these answers freely and did not
choose from a list of options. Of the 23 healthcare centers, 21 listed distance and cost of
transportation as a primary barrier for patients to access care. The next most common answer
was stigma of HIV. Healthcare workers noted that individuals sometimes fear that testing
positive for TB will result in finding out they also have HIV. Four sites in total listed this

stigma as a major barrier for patients.
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Twenty sites (90%) followed the TB guidelines by starting HIV-positive patients on
antiretroviral therapy (ART) and were able to offer treatment for both diseases during a
single visit (Table 1).

Of the 10 sites with diagnostic capabilities, only Kasungu District Hospital (KDH) had
access to the Xpert and an x-ray machine. The other nine diagnostic sites only carried a
standard microscope. The lack of more Xpert machines means that all HIV-positive patients
who test smear-negative must be referred to KDH to make a more accurate diagnosis.

The 2013 National TB Guidelines, composed by the WHO, stipulates that HIV-positive
patients should be referred for GeneXpert even if their standard microscopy returns smear
negative. This guideline stems from the aforementioned frequency of false negative
microscopy sputum results from HIV-positive patients (Boniface et al., 2011; Fielder, 2009).
One survey question asked the frequency that diagnostic centers followed the National TB
Guidelines and referred HIV-positive patients who tested smear negative to the Kasungu
District Hospital for Xpert testing. Of the ten diagnostic sites surveyed in Kasungu, only one
(Chulu) follows the guideline and refers patients to KDH for Xpert. This result was obtained
from the survey question, “Do you refer smear negative HIV-positive patients to KDH for
Xpert as per the National TB Guidelines” (Appendix 1)? With the Kasungu District TB
Officer present on the majority of the interviews, the TB focal person was hesitant to admit
that they had not been following a guideline. Upon further questioning and observing records
of referred patients, nine of the ten diagnostic sites admitted they had not been referring these
cases.

The cost of travel for patients to travel from one health center to another is expressed in
wages earned by days of work (Figure 5). To find this figure, the per capita Gross National
Income was divided by 365. While it takes the average income per day of the entire country,
it provides an accurate estimate of average daily wages in Malawi. The referrals primarily
occur in cases when patients need additional diagnostic testing. This map only displays the
cost of travel when a patient must travel from one health center to another and does not
reflect the initial cost that must be paid to reach the first health center. With the average
Malawian making $0.68 a day, transportation costs can greatly limit access to care (World

Bank, 2015).
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Figure 5. Cost of referral to travel between health centers expressed in days of work needed
to pay for the trip.
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The survey revealed an almost completely defunct sputum collection system in Kasungu.
Sputum collection sites are located in villages and allow patients to submit sputum samples
to a local Health Surveillance Assistant (HSA). The health center that manages the site is
then responsible for collecting and testing the sample. This system has been designed to limit
the burden of travel for patients. Combined, the 22 health centers collect sputum from 89
individual collection points. The health centers managed as few as one to as many as seven
collection points, with a mean of 4.4 sites managed. If a patient tests positive, the health
center contacts the local HSA who is then tasked with notifying the patient who can then
travel to the health center to begin a course of treatment. The results of the survey revealed
that of the 22 health centers that manage sputum collection sites, 14 are currently not actively
collecting from the satellite sites. The five sites that collect samples monthly and quarterly do
not do so in accordance to WHO guidelines for proper sputum management.

Table 2. Frequency of sputum collection by health centers.

Question: Weekly Biweekly Monthly  Quarterly  Not Active
Frequency
Sputum
Collected (n=22)
Number of 1 2 3 2 14

Health Centers

Record Keeping

Members of the research team photographed the primary records at each health center.
These included the chronic cough registry, TB register and referral log book. The amount of
diligence in record keeping varied by site. In order to measure the overall accuracy of the
records, a basic “sufficient” or “poor” classification was assigned to each site. Logbooks
were given a score of sufficient if names had been logged in each quarter for the past year
and if all of the available information (age, gender, sputum test results, HIV status and date)
was included. Logbooks were insufficient if they not been recently updated or lacked
significant amounts of the necessary information. Twelve of the sites (57%) had sufficiently
kept record books. Nine sites (43%) had logbooks that had not been recently updated or that

lacked significant amounts of patient information. These nine sites had only recorded the
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information of a handful of patients over the past year and had often missed vital information

including if the patient had been referred and the updated diagnostic results.
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DISCUSSION
The results of the survey gave an overview of the TB patient referral network in Kasungu,
Malawi, the capabilities of health centers, and the constraints to effective TB diagnosis and

treatment.

Capabilities of Health Centers

Sites that only offered continuation TB services were the most frequent, as they require
the least amount of diagnostic equipment and trained TB staff. These continuation sites allow
patients to complete their regimen of medication and pick up their refills. In terms of
diagnosis, the standard microscope remains the most common method of testing for AFB
presence in sputum samples in Kasungu. This is due to its lower cost and complexity
compared to chest x-rays and Xpert. In past surveys of Malawian TB care facilities,
microscopes were nonfunctional around 22% of the time (Harries et al., 2001). Microscope
functionality remained consistently strong in Kasungu, with none of the sites reporting their
microscopes as broken (Appendix 1). While the Xpert provides a more accurate diagnosis,
the high cost of the tool results in only the district hospital (KDH) currently utilizing the
technology.

That only 17% of health centers have a staff member trained in TB therapy and 68% have
only one staff member for TB care presents a number of problems. It is likely that the
national TB guidelines are not explicitly followed, as health providers must be trained in
order to understand and properly implement the guidelines (WHO, 2007). Lack of staff
trained in TB therapy and lack of laboratory technicians have been noted as issues in Malawi
(Harries et al., 2001) and may undermine TB care in Kasungu specifically.

The effects of lack of staffing include increased health center and patient delays (Kanyere et
al., 2005). On particularly busy days, this results in long waits for individuals who have
already travelled a long way to be tested for TB or receive treatment. If the staff responsible
for TB care become sick or are unable to work, 15 sites are without anyone to provide TB
care. TB staff shortages exist in the context of severe healthcare worker shortages in all
Malawian health sectors. The limited number of staff providing TB care could play a role in
the high level of health center delay for TB treatment found in a recent study from Malawi

(Makwakwa et al., 2014).
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Overall, TB and HIV care is synchronized in the district in order to reduce the strain on
patients suffering from both diseases. Twenty sites either provide care for each disease five
days a week or have synchronized the days of treatment for both diseases. The two sites that
could not offer treatment for both HIV and TB during the same visit, Santhe and Linyangwa,
have treatment days for each disease that do not overlap. ART drugs to treat HIV and the
specifically trained staff provides counseling on Tuesday and Thursday and TB drugs are
provided on Monday and Wednesday. This results in patients suffering from both diseases
having to make an additional trip each week.

The availability of electricity and water plays a role in the services a health center can
provide. In order for sputum smears to be prepared, a health center needs to have access to
clean water. Of the ten sites without running water, four still provide diagnostic care through
the use of a well, known locally as a borehole. While this can suffice for smear preparation,
two of the sites noted that the borehole is not entirely functional. Among other things,
electricity is used for the refrigeration of sputum samples. Eleven sites did not have reliable
electricity, constraining their ability to store sputum samples (Creswell et al., 2014). Several
sites relied upon coolers and solar panels to overcome the lack of electricity. For sites that
only offer continuation services, electricity and running water are not necessary for
administering the course of treatment. Chambwavi, a site with a microscope and staff trained
in using it, is limited to only providing continuation services because they lack electricity. If
Chambwavi had electricity, they could become a diagnostic site and avoid sending their

sputum samples and patients to another site, saving time and resources.

Adherence to National TB Guidelines

Several survey questions sought to reveal areas where the everyday practices of TB health
centers differed from the National TB Guidelines. The survey revealed a major discrepancy
between the National TB Guidelines and practices for diagnostic clinics in Kasungu. The
2013 National TB Guidelines, composed by the WHO, stipulate that HIV-positive patients
should be referred for Xpert even if their standard microscopy returns smear negative. This
guideline stems from the aforementioned frequency of false negative microscopy sputum
results from HIV-positive patients (Boniface et al., 2011; Fielder, 2010). An astounding 90%
of clinics reported that they did not refer HIV-positive/ smear-negative patients for further

testing using the Xpert at KDH. By not doing so, many of these health centers are more than
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likely misdiagnosing HIV patients as TB-free. Past studies have shown false negative sputum
microscopy for HIV-positive patients at percentages between 33%-64% of cases (Fielder,
2010).

The WHO has designated two weeks as the longest time period that sputum samples can
be analyzed accurately, yet many health centers in Kasungu fail to meet this time frame. Five
of the 22 health centers that collect sputum samples from collection points do so only either
monthly or quarterly. These five health centers manage 21 sputum collection sites in total. So,
countless individuals who deposit sputum samples fail to receive an accurate diagnosis. In
cases where sputum is collected in time, the health center makes a call to the HSA in charge
of each collection site notifying him/her of the patients who tested positive and need to come
in for initiation of treatment.

The 14 health centers that no longer actively run sputum collection sites had managed 48
collection points. It is unclear if individuals’ still deposit sputum samples at these collection
points. Over 50% of sputum collection points in Kasungu not currently active (Table 2),
which may burden patients who make an additional trip to a health center to deposit sputum.

When functional, the system allows for convenient TB diagnosis for patients, who do not
need to make the trip to the nearest health center, and reduces the burden on health center
staff who can see fewer patients quarterly. Lack of money to operate the collection points and
transport the samples has been cited as the underlying cause of the overall failure. For the
sites that remain operational, infrequent collection results in questionable accuracy of the
samples. This partial functionality is quite troubling as it could result in a patient submitting a
sample and never being informed of their diagnostic outcome. The patient would rightfully
assume that they were TB free and continue with daily life, possibly infecting more
individuals in the community and increasing the risk of morbidity and mortality from
undiagnosed TB. The sputum collection system is one of the least functional aspects of TB

care in Malawi and should be high on the list of areas for improvement.

Health Center Supplies
One of the more positive findings of the survey was the infrequency of drug stock outs in
an underfunded health care system. None of the sites identified recurring drug stock outs as a

recurring issue (Table 1). This finding could very well reflect the attention paid by the
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international community to reducing the burden of TB in Sub-Saharan Africa. This focus
appears to have materialized in the form of a constant supply of TB drugs. The constant
supply of drugs found at even the most rural health centers demonstrates the steady supply
and dissemination of TB antibiotics throughout Kasungu.

However, diagnostic supply stock outs were much more frequent and very likely play a
role in the overall challenges with TB diagnosis, including poor keeping of patient referral
records. Diagnostic supplies include the registries that patient information is kept in, referral
cards recording that a patient has been sent to another facility and sputum containers to test
for TB. The monitoring supply shortages could very well play a role in the high number of
facilities that had insufficient records. These diagnostic supplies are much cheaper in
comparison to the drugs that are successfully being passed along to even the most rural
health centers. This could be an area that could be improved at little to no cost. The question
remains if the true root of the record keeping and organizational issue lies in lack of supplies
or general norms for overworked health center staff versus lack of training versus other, yet

to be identified factors.

Constraints to TB Care

Transportation, distance and fuel were identified by HSAs as the major issues preventing
their ability to provide TB care. This may stem from the variety of factors of TB care that
rely upon transportation. The breakdown of the sputum collection system primarily occurs
after the sample is given, as it never reaches the diagnostic center, as health centers lack
access to a fueled automobile or motorbike to collect the samples. This places an increased
burden of travel onto patients who must add an additional trip to the health center to deposit
their sputum sample.

Distance and the cost of transport to the health center remains the primary barrier for
patients to access care. A 91% of sites surveyed listed distance and transport cost as the
primary barrier, in line with past research on constraints to TB care in Malawi (Salaniponi et
al., 2000; Kanyere et al., 2005; Zere et al., 2007). The transportation issue is further
complicated in the rainy season (November to April), when dirt roads become increasingly

treacherous (Kaneyere et al., 2005; Appendix 1).
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The main findings of this study lead to the conclusion that there is an under-diagnosis of
TB in Kasungu. As data play a vital role in the allocation of funds, having TB statistics that
do not reflect the reality of the current situation in Kasungu will hold several challenges for
the future. The WHO sponsored Post- 2015 Global Plan to Stop TB seeks a 95% reduction in
deaths from TB from 2015 levels. In order to attain these goals, resources will be allocated to
areas based on current levels of TB. If the other districts in Malawi currently experience
similar shortcomings to their diagnosis and treatment of TB, the entire countries TB figures

could truly be significantly higher than currently recorded.
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RECOMMENDATIONS

Taking steps to address the root causes driving under diagnosis of TB will allow the true
impact of the disease to be measured. Accurately measuring the incidence and prevalence of
TB in Kasungu can provide the WHO and Malawian government with the necessary data to
properly combat the disease. Results of this study point to four main recommendations.
These recommendations are all fairly low cost and would not require significantly higher
levels of funding but could help to diagnose a higher proportion of TB cases.

First, in a resource-constrained setting, in order to increase the number of staff trained in
TB care without hiring new HSA’s, current health center staff could be cross-trained. Cross
training more nurses and HSA’s in TB care has been recommended to improve TB care in
Malawi in the past, and would only require trainings led by the district TB health officer
(Harries et al., 2001). Having more health center staff trained in TB would be a low cost
method to improve overall knowledge of the TB guidelines and increase the number of HIV-
positive patients referred for Xpert.

Second, adding solar panels could expand access to electricity to every health center in
Kasungu. Increasing access to electricity would allow for more reliable storage of sputum
samples. Refrigerating sputum has been shown to increase the amount of time the sample can
be accurately tested (Banda et al., 2000). Low cost installation of solar panels could provide
electricity to the 11 sites in Kasungu currently lacking electricity.

Third, to revitalize the sputum collection system, a program to collect samples from
collection points and transport them to health center could be implemented. The program
would require paying individuals to facilitate the functionality of the system. With few
options for formal employment in the current Malawian economy, offering even a limited
amount of money to transfer the samples could revitalize the collection system. Paid
collection systems have functioned and been highly effective in Malawi in the past (Mundy
et al., 2002). To reduce the number of people who submit samples that are not tested in time,
health centers should call and notify local HSA’s by cell phone if the sample was not tested
within the requisite timeframe just as they would for a sample that tested positive for TB.
This would allow the individuals to resubmit another sample rather than assume they were

TB free.
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Fourth, “packs” of diagnostic and monitoring supplies (TB registries, TB cards, sputum
containers, referral cards) could be included with drug deliveries to improve record keeping
in the district overall. The success of stocking even the most rural of health centers with TB
drugs demonstrates that having an equally high rate of diagnostic and monitoring supplies is
attainable. Including these supplies with shipments of drugs would ensure all sites are always
stocked and can keep records with more accuracy. Without constant supplies of the proper
registries to record patient information, record keeping will remain a major issue with TB
treatment in Kasungu. This study originally aimed to track patients from the health center
they initially visited to the continuation or diagnostic site to which they were referred.
However, with record keeping insufficient at such a high percentage of sites, the data was too
incomplete to analyze. If record keeping improved, the actual number of patients referred
could be analyzed to identify the most common paths of referral. Trainings on the importance
of data collection could additionally improve the quality of patient records. These trainings
could be included in the standard training to become trained in TB therapy.

With the maps of Kasungu now available, the district TB office and NGOs that provide
assistance in Malawi can target their interventions at the health centers based on population
and site capabilities. Allowing the HSA’s who work understaffed on the front lines on the
fight against TB to voice their opinions on the major constraints to care will provide the
Ministry of Health and NGO’s with an informed on the ground opinion to improve care.
While the findings in Kasungu cannot be entirely applied to Malawi overall, they highlight
certain aspects of TB care that should be explored in more detail for the other regions.
Further research into the practices of health centers in other regions of the country with
higher HIV prevalence rates could identify if the same issues in referral in Kasungu occur in

other regions to determine the scope of under diagnosis throughout the country.

34



LITERATURE CITED

Banda, H. T., A. D. Harries, M. J. Boeree, T. E. Nyirenda, A. Banerjee, and F. M. L.
Salaniponi. 2000. Viability of stored sputum specimens for smear microscopy and
culture. International Journal of Tuberculosis and Lung Disease 4:272-274.

Boehme, C. C., M. P. Nicol, P. Nabeta, J. S. Michael, E. Gotuzzo, R. Tahirli, M. T. Gler, R.
Blakemore, W. Worodria, C. Gray, L. Huang, T. Caceres, R. Mehdiyev, L. Raymond,
A. Whitelaw, K. Sagadevan, H. Alexander, H. Albert, F. Cobelens, H. Cox, D. Alland,
and M. D. Perkins. 2011. Feasibility, diagnostic accuracy, and effectiveness of
decentralised use of the Xpert MTB/RIF test for diagnosis of tuberculosis and multidrug
resistance: A multicentre implementation study. The Lancet 377:1495-1505.

Boniface, R., M. Moshabela, R. Zulliger, P. Macpherson, and P. Nyasulu. 2012. Correlates of
Delayed Diagnosis among Human Immunodeficiency Virus-Infected Pulmonary

Tuberculosis Suspects in a Rural HIV Clinic, South Africa. Tuberculosis research and
treatment 2012:827148.

Botha, E., S. Den Boon, K. a. Lawrence, H. Reuter, S. Verver, C. J. Lombard, C. Dye, D. a.
Enarson, and N. Beyers. 2008. From suspect to patient: Tuberculosis diagnosis and
treatment initiation in health facilities in South Africa. International Journal of
Tuberculosis and Lung Disease 12:936-941.

Chaisson, R., and N. Martinson. 2010. New England journal of Medicine. Perspective 363:3

Chirwa, T., P. Nyasulu, E. Chirwa, A. Ketlogetswe, G. Bello, I. Dambe, D. Ndalama, and M.
Joshua. 2013. Levels of Tuberculosis Treatment Adherence among Sputum Smear

Positive Pulmonary Tuberculosis Patients Attending Care at Zomba Central Hospital,
Southern Malawi, 2007-2008. PLoS ONE 8:2007-2008.

Chitsulo, P., K. Lipato, and J. Masiye. 2014. Health System in Malawi.

Chizimba, R., N. Christofides, T. Chirwa, I. Singini, C. Ozumba, S. Sikwese, H. T. Banda, R.
Banda, H. Chimbali, B. Ngwira, A. Munthali, and P. Nyasulu. 2015. The Association

between Multiple Sources of Information and Risk Perceptions of Tuberculosis, Ntcheu
District, Malawi. Plos One 10:¢0122998.

De Cock, K. M., and D. Wilkinson. 1995. Tuberculosis control in resource-poor countries:
alternative approaches in the era of HIV. Lancet 346:675-7.

Colebunders, R., and I. Bastian. 2000. A review of the diagnosis and treatment of smear-
negative pulmonary tuberculosis. The international journal of tuberculosis and lung
disease : the official journal of the International Union against Tuberculosis and Lung
Disease 4:97-107.

35



Creswell, J., A. J. Codlin, E. Andre, M. A. Micek, A. Bedru, E. Carter, R.-P. Yadav, A.
Mosneaga, B. Rai, S. Banu, M. Brouwer, L. Blok, S. Sahu, and L. Ditiu. 2014. Results
from early programmatic implementation of Xpert MTB/RIF testing in nine countries.
BMC Infectious Diseases 14:2.

Das, D., B. Dwibedi, and S. K. Kar. 2014. Transportation of sputum samples in
cetylpyridinium chloride for drug resistance studies from remote areas of Odisha, India.
Journal of Infection in Developing Countries 8:1059—1062.

Dye, C., a. Bassili, A. Bierrenbach, J. Broekmans, V. Chadha, P. Glaziou, P. Gopi, M.
Hosseini, S. Kim, D. Manissero, I. Onozaki, H. Rieder, S. Scheele, F. van Leth, M. van
der Werf, and B. Williams. 2008. Measuring tuberculosis burden, trends, and the impact
of control programmes. The Lancet Infectious Diseases 8:233-243.

Dye, C., C.J. Watt, D. M. Bleed, and B. G. Williams. 2005. What is the limit to case
detection under the DOTS strategy for tuberculosis control ? 9792: 35-43.

Edwards, D., Vogt, M. and Bangani, N. 2009. Baseline screening for TB among patients
enrolling in an ART service in South Africa. In 16th Conference on Retroviruses and
Opportunistic Infection: 8-11.

Elliott, A. M., Naamambo, K. Allen, B.W. 1993. Negative sputum smear results in HI'V-

positive patients with pulmonary tuberculosis in Lusaka, Zambia. Tubercle and lung
disease 74.3:191-194.

Fielder, J. 2010. Tuberculosis in the Era of HIV: A clinical manual for care providers
working in Africa. Not for Sale.

Geldenhuys, H. D., A. Whitelaw, M. D. Tameris, D. Van As, K. K. A. Luabeya, H.
Mahomed, G. Hussey, W. A. Hanekom, and M. Hatherill. 2014. A controlled trial of
sputum induction and routine collection methods for TB diagnosis in a South African

community. European Journal of Clinical Microbiology and Infectious Diseases
33:2259-2266.

Grange, J. M. 1997. DOTS and beyond: towards a holistic approach to the conquest of
tuberculosis. The International Journal of Tuberculosis and Lung Disease,.

Hargreaves, N. J., O. Kadzakumanja, S. Phiri, D. S. Nyangulu, F. M. L. Salaniponi, a. D.
Harries, and S. B. Squire. 2001. What causes smear-negative pulmonary tuberculosis in

Malawi, an area of high HIV seroprevalence? International Journal of Tuberculosis and
Lung Disease 5:113-122.

Harries, A. D., A. Kamenya, V. R. Subramanyam, D. Maher, S. B. Squire, J. J. Wirima, D. S.
Nyangulu, and P. Nunn. 1997. Screening pulmonary tuberculosis suspects in Malawi:
testing different strategies. Transactions of the Royal Society of Tropical Medicine and
Hygiene 91:416—419.

36



Harries, A. D., J. H. Kwanjana, N. J. Hargreaves, J. Van Gorkom, and F. M. Salaniponi.
2001. Resources for controlling tuberculosis in Malawi. Bulletin of the World Health
Organization 79:329-36.

Harries, A. D., J. Michongwe, T. E. Nyirenda, J. R. Kemp, S. B. Squire, A. R. Ramsay, P.
Godfrey-Faussett, and F. M. Salaniponi. 2004. Using a bus service for transporting
sputum specimens to the Central Reference Laboratory: Effect on the routine TB culture
service in Malawi. International Journal of Tuberculosis and Lung Disease 8:204-210.

Hussain, S., A. Imtiyaz, and S. Hamid. 2012. Screening tuberculosis suspects: How many
sputum specimens are adequate? Annals of Tropical Medicine and Public Health 5:317.

Ibrahim, M., L. Alexander, C. Shy, S. Farr, and R. Horner. 1999. ERIC Notebook: Incidence
vs. Prevalence. Epidemiologic Research & Information Center (ERIC) UNC School of
Public Health Department of Epidemiology:1-5.

Idemyor, V. 2007. HIV and tuberculosis coinfection: Inextricably linked liaison. J Natl Med
Assoc 99:1414-1419.

Kamran Siddiqi,Marie-Lawrence Lambert, J. W. 2003. Clinical Diagnosis of smear-negative
pulmonary tuberculosis in low-income countries:the current evidence. The Lancet
Infectious Diseases 3:288-296.

Kanyerere, H., A. D. Harries, K. Tayler-Smith, A. Jahn, R. Zachariah, F. M. Chimbwandira,
and J. Mpunga. 2016. The rise and fall of tuberculosis in Malawi: associations with HIV

infection and antiretroviral therapy. Tropical Medicine & International Health 21:101—
107.

Kanyerere, T., and A. Aase. 2005. Delays in TB hospital diagnosis — a major threat for the
HIV/AIDS situation in a society: A study of TB as an opportunistic infection in southern
Malawi. Norsk Geografisk Tidsskrift - Norwegian Journal of Geography 59:55-64.

Kelly, P. M. 2001. Local problems, local solutions: Improving tuberculosis control at the
district level in Malawi. Bulletin of the World Health Organization 79:111-117.

Kivihya-Ndugga, L.E.A., Van Cleeff, M.R.A., Githui, W.A., Nganga, L.W., Kibuga, D.K.,
Odhiambo, J.A. and Klatser, P.R. 2003. A comprehensive comparison of Ziehl-Neelsen
and fluorescence microscopy for the diagnosis of tuberculosis in a resource-poor urban
setting. The International Journal of Tuberculosis and Lung Disease, 7:1163-1171.

Kiwanuka, J., S. M. Graham, J. B. Coulter, J. S. Gondwe, N. Chilewani, H. Carty, and C. A.
Hart. 2001. Diagnosis of pulmonary tuberculosis in children in an HIV-endemic area,
Malawi. Annals of Tropical Paediatrics 21:5-14.

Lawn, S. D., L.-G. Bekker, K. Middelkoop, L. Myer, and R. Wood. 2006. Impact of HIV
infection on the epidemiology of tuberculosis in a peri-urban community in South

37



Africa: the need for age-specific interventions. Clinical infectious diseases : an official
publication of the Infectious Diseases Society of America 42:1040-7.

Van Lettow, M., R. Bedell, S. Maosa, K. Phiri, A. K. Chan, E. Mwinjiwa, A. Kwekwesa, H.
Kawonga, M. Joshua, A. D. Harries, and J. J. van Oosterhout. 2015. Outcomes and
Diagnostic Processes in Outpatients with Presumptive Tuberculosis in Zomba District,
Malawi. Plos One 10:¢0141414.

Mabher, D., A. Harries, and H. Getahun. 2005. Tuberculosis and HIV interaction in sub-
Saharan Africa: Impact on patients and programmes; implications for policies. Tropical
Medicine and International Health 10:734-742.

Makwakwa, L., M. Sheu, C.-Y. Chiang, S.-L. Lin, and P. W. Chang. 2014. Patient and health
system delays in the diagnosis and treatment of new and retreatment pulmonary
tuberculosis cases in Malawi. BMC Infectious Diseases 14:132.

Mpagama, S. G., C. Mtabho, S. Mwaigwisya, L. J. Mleoh, I. M. S. Boer, S. K. Heysell, E. R.
Houpt, and G. S. Kibiki. 2012. Comparison of Overnight Pooled and Standard Sputum
Collection Method for Patients with Suspected Pulmonary Tuberculosis in Northern
Tanzania. Tuberculosis Research and Treatment 2012:1-5.

Mundy, C. J. F., A. D. Harries, A. Banerjee, F. M. Salaniponi, C. F. Gilks, and S. B. Squire.
2002. Quality assessment of sputum transportation, smear preparation and AFB
microscopy in a rural district in Malawi. International Journal of Tuberculosis and Lung
Disease 6:47-54.

Munthali, L., P. Y. Khan, N. J. Mwaungulu, F. Chilongo, S. Floyd, M. Kayange, J. R. Glynn,
N. French, and A. C. Crampin. 2014. The effect of HIV and antiretroviral therapy on
characteristics of pulmonary tuberculosis in northern Malawi: a cross-sectional study.
BMC infectious diseases 14:107.

Nicol, M. P., L. Workman, W. Isaacs, J. Munro, F. Black, B. Eley, C. C. Boehme, W.
Zemanay, and H. J. Zar. 2011. Accuracy of the Xpert MTB/RIF test for the diagnosis of
pulmonary tuberculosis in children admitted to hospital in Cape Town, South Africa: a
descriptive study. The Lancet Infectious Diseases 11:819-824.

Van Oosterhout, J. J. G., L. Brown, R. Weigel, J. J. Kumwenda, D. Mzinganjira, N. Saukila,
B. Mhango, T. Hartung, S. Phiri, and M. C. Hosseinipour. 2009. Diagnosis of
antiretroviral therapy failure in Malawi: Poor performance of clinical and
immunological WHO criteria. Tropical Medicine and International Health 14:856—-861.

Parry, C. M., O. Kamoto, A. D. Harries, J. J. Wirima, C. M. Nyirenda, D. S. Nyangulu, and
C. A. Hart. 1995. The use of sputum induction for establishing a diagnosis in patients
with suspected pulmonary tuberculosis in Malawi. Tubercle and Lung Disease 76:72—
76.

38



Phiri, S., P. Y. Khan, A. D. Grant, D. Gareta, H. Tweya, M. Kalulu, T. Chaweza, L.
Mbetewa, H. Kanyerere, R. Weigel, and C. Feldacker. 2011. Integrated tuberculosis and
HIV care in a resource-limited setting: experience from the Martin Preuss centre,
Malawi. Tropical Medicine & International Health 16:1397-1403.

Salaniponi, F. M., a D. Harries, H. T. Banda, C. Kang’ombe, N. Mphasa, a Mwale, B.
Upindi, T. E. Nyirenda, a Banerjee, and M. J. Boeree. 2000. Care seeking behaviour and
diagnostic processes in patients with smear-positive pulmonary tuberculosis in Malawi.
The international journal of tuberculosis and lung disease : the official journal of the
International Union against Tuberculosis and Lung Disease 4:327-332.

Simwaka, B., G. Bello, H. Banda, R. Chimzizi, B. S. Squire, and S. J. Theobald. 2007. The
Malawi National Tuberculosis Programme: an equity analysis. International Journal for
Equity in Health 6:24.

Simwaka, B. N., S. Theobald, A. Willets, F. M. L. Salaniponi, P. Nkhonjera, G. Bello, and S.
B. Squire. 2012. Acceptability and Effectiveness of the Storekeeper-Based TB Referral
System for TB Suspects in Sub-Districts of Lilongwe in Malawi. PLoS ONE 7:€39746.

Tweya, H., C. Feldacker, S. Phiri, A. Ben-Smith, L. Fenner, A. Jahn, M. Kalulu, R. Weigel,
C. Kamba, R. Banda, M. Egger, and O. Keiser. 2013. Comparison of Treatment

Outcomes of New Smear-Positive Pulmonary Tuberculosis Patients by HIV and
Antiretroviral Status in a TB/HIV Clinic, Malawi. PLoS ONE 8:e56248.

Volmink, J., P. Matchaba, and P. Garner. 2000. Directly observed therapy and treatment
adherence. Lancet 355:1345-1350.

Walley, J. D., M. A. Khan, J. N. Newell, and M. H. Khan. 2001. Effectiveness of the direct
observation component of DOTS for tuberculosis: A randomised controlled trial in
Pakistan. Lancet 357:664—669.

WHO. 2007. Improving the diagnosis and treatment of smear-negative pulmonary and
extrapulmonary tuberculosis among adults and adolescents. Recommendations for HIV-

prevalent and resource-constrained settings. Who/Htn/Tb/2007 379.

WHO. 2009. A guide to monitoring and evaluation for collaborative TB / HIV. World
Health.

Who. 2014. Global strategy and targets for tuberculosis prevention, care and control after
2015. Geneva: World Health Organization 1:2014-2015.

WHO. 2015. Global Tuberculois Report 2015- Executive Summary. World Health
Organisation: 1-3.

WHO. 2016. Malawi TB Stats: 2016.

39



World Health Organization. 2013. Definitions and reporting framework for tuberculosis—
2013 revision.

Zar, H. J., D. Hanslo, P. Apolles, G. Swingler, and G. Hussey. 2005. Induced sputum versus
gastric lavage for microbiological confirmation of pulmonary tuberculosis in infants and
young children: A prospective study. Lancet 365:130—4.

Zere, E., M. Moeti, J. Kirigia, T. Mwase, and E. Kataika. 2007. Equity in health and
healthcare in Malawi: analysis of trends. BMC public health 7:78.

Zwarenstein, M., J. H. Schoeman, C. Vundule, C. J. Lombard, and M. Tatley. 1998.

Randomised controlled trial of self-supervised and directly observed treatment of
tuberculosis. Lancet 10:130-153.

40



APPENDICES

Appendix 1. Survey administered at each health center.

TB Site Assessment — District Name:

“Please complete this questionnaire with the TB Officer at the site or the clinic staff who manages TB patients.”

Site Information

Site Name:

MoH Site Code:

Type of Site (health centre, rural

hospital, outreach clinic):

Site GPS Coordinates (Extract from
MOH Spreadsheet):

What is the name and position of

the clinic staff answering these
Name:

questions (The respondent)?

Position and Cadre:

Phone number:

Approximately how many

employed staff work at the site?

How many staff member(s) are
trained in TB Therapy?
What are their cadres? (HSA, HTC

Number HSAs: /
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counselors, nurse)

How many of each provide TB care

on a weekly basis?

Number HTCs:

Number Clinicians:

Number of Nurses:

Volunteers/CHW:
What type of TB services does
P Diagnosis
your facility provide? (Diagnosis,
Initiation, Continuation, no TB e
Initiation
service at all)
Continuation
None

Other: Describe:

If you are an initiation/diagnostic
site, how many sites refer patients

to you?

List Referring Sites:

If you are a diagnostic site, what
are the types of tests you are

using?

Ultrasound

Urine-LAM

Culture
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ove

Chest X-ray:
Microscopy: LED standard microscope
Other:

If you are a diagnostic site and

need additional testing not

] o 1) /Distance: /est cost:

available at your site (i.e.

GeneXpert, Chest X-ray) where do

you send patients? 2) /Distance: /est cost:
3) /Distance: /est cost:
4) /Distance: /est cost:
5) /Distance: /est cost:

Does your site record information
Yes

on referrals and can you be sure

that all referrals for additional No

testing are completed?

If yes, please describe the process of documentation for referrals.

If no, please describe the barriers that keep you from tracking

patient referrals.

If you are a diagnostic site when
was your last quality control for

microscopy?

Date:

Proportion of microscopists that

Passed QC testing:
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How many sputum collection sites | Number of sites:
does your site manage?

) ] Name of Villages:
Please list names of villages that
have sputum collection sites:
How frequently are sputum

quently are sp Daily
collection sites visited?

Weekly
Other
Who is responsible for collection Cadre: /Name:
sputum from collection sites?
Cadre: /Name:
What sputum collection site is
farthest from your facility?
Name: /Distance:

Is your site able to verify that all Ves:
collection sites have been visited
and any sputum samples collected No
and dropped off at the diagnostic If yes, how?
site?
How do you trace patients with Describe:
positive sputum collected from
sputum collection sites?
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Supply and Tools

Do you use the following forms:

(Tick all that apply)

Tuberculosis Treatment Card
Tuberculosis Identity Card
TB Laboratory Request form
TB Facility Register

TB Health Centre Register

TB Referral slip/Transfer Form

Chronic Cough Registry

TB Suspect Registry

Other:

In the past six months did you
experience any TB drug stock

outs?

Yes:

No

If yes:

Which TB drugs?

iy

2)

3)

Duration of stock out:

Are drug stockouts a recurring problem? Y/N

Yes No
In the past 6 months have you run | Supply types:
out of any diagnostic or

iy

monitoring (registries, TB cards)
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TB supplies? 2)
3)

Yes:

No: Duration of stock out:
1)
2)
3)

How many weeks of drugs do you 1

give to clients at the initiation

visit? 2
3

If you are a continuation site, how

many weeks of TB medication are 4

dispensed at follow-up visits?
5
6

Entire course of therapy

Does your site have electricity?

Yes:

No

If yes, enter number of days in the most recent month the power has

been out:

Does your site have water?

Yes:

No

If yes, enter number of days in the most recent month the in which

your site has been without water:
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Diagnostic/Initiation: How do you
track patient treatment outcomes?
Prompt: What documentation do

you use?

For Continuation Sites: Do you
always send back the master card
to the referral or diagnosis center
after a patient completes

treatment?

Yes:

No

: For HIV+ patients not on ART
who are diagnosed with TB, do

you have a system in place to

If yes, describe the process:

ensure they are started on ART as | |f no, why?
per the Malawi guidelines?
Are TB patients who are HIV+ able Yes:
to receive treatment for both
diseases during a single visit? No
If No, why?

Referral System - DIAGNOSTIC AND INITIATION SITES

What tools do you use for
documenting the outcomes of

patients that are referred to you?
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How do you provide referring sites
with information on the outcome
of referred patients (No TB,
Started therapy, smear neg/smear

pos etc.)

If you refer patients for TB
continuation, do you receive any
information about patient
outcomes (completion of
treatment, complication of

treatment, death)

Yes

No

Describe:

Are there sites that are particularly bad at sending patient follow-up

information? If so, list the sites and provide possible reasons.

How frequently do you assess
patients as they continue

treatment at your facility?

If assessments are done, who does

the assessment?

[ ] Nurse

[ ] Clinical Officer

Describe:

Daily

Biweekly

Monthly

Every two months (Bimonthly)

Quarterly
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[ ] Counselor
Never

[ JHSA
Other:

For TB patients that let
or 15 patients that complete During their therapy. How often?

their treatment at another site, do
you see them during their therapy At the end of their therapy
or at the completion of therapy?

Never

Referral System - CONTINUATION SITES

Which diagnostic/initiation site do

you refer your TB suspects? 1 /Distance: /est cost:
If more than one, list in order 2 /Distance: /est cost:
(most frequent to least frequent)
3 /Distance: /est cost:
4 /Distance: /est cost:
Do you keep a register of patients Yes
referred for TB diagnostics or
No

initiation of TB therapy?

Describe documentation

Who is responsible for updating the information?

Cadre: /Name:

Cadre: /Name:

Does the facility update outcomes for TB suspects?

Yes
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No

If no, why?

Does the site follow-up TB

suspects at their homes?

Yes

No

If yes, who does the follow-up?

Cadre: /Name:

Cadre: /Name:

How is the visit documented?

For patients that are referred back
for continuation of TB treatment,

how frequently are they seen

Weekly

Biweekly

Monthly

Every two months (bimonthly)

Quarterly
Never

Does your site notify the

y y Yes
diagnostic or initiation site when
the TB patient completes therapy No
' ?
or dies or defaults? Ifyes, how?

General Questions

What is the most significant

problem with TB care at your site?

Examples: staffing, lack of

supplies, lack of diagnostic
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equipment, lack of training, lack of

district support, etc.

What do you think is the most
important barrier to accessing TB

care for your patients?
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