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Introduction

HIV: tHe globAl And Sub-SAHArAn AfrICAn PerSPeCtIVe

Since the advent of the human immunodeficiency virus (HIV) epidemic in the early 1980s, 
the global number of HIV-infected people has grown to an estimated 34 million in 2010 [1]. 
The incidence of HIV has decreased and stabilised at 2.7 million per year, and the annual 
number of people dying from AIDS-related causes has decreased: from 2.2 million in 2005 
to 1.8 million in 2010. This is as result of the increasing proportion of eligible HIV-infected 
patients on triple combination antiretroviral therapy (cART), currently at 47%, and of lower 
HIV incidence rates [1].

Sub-Saharan Africa continues to carry the brunt of the epidemic: it harbours 12% of the 
world’s population but 68% of the global HIV burden [1]. Also, 70% of new HIV infections 
occur in sub-Saharan Africa. It is here that cART roll-out has had the greatest impact on 
mortality: an estimated 30% fewer HIV-infected people died in 2010 compared to 2004 
[1]. The prevalence of HIV in sub-Saharan Africa varies greatly by region: currently, south-
ern Africa is most severely affected with national prevalence rates between 15-25% of the 
population; these rates are between 3-7% in eastern Africa, and 1-5% in western and central 
Africa [1].

In May 2000, five United Nations agencies entered into a partnership with five pharmaceu-
tical companies to increase cART access in resource-limited settings (the Accelerating Access 
Initiative) [2]. The International AIDS Conference in Durban, South Africa, in July 2000 
was a decisive event in forging an agreement on substantial price reductions of antiretroviral 
drugs. This was followed by the Declaration of Commitment on HIV/AIDS, approved by 
the United Nations General Assembly Special Session (UNGASS) on HIV/AIDS in 2001, 
which stated that member states would establish a dedicated fund to support the global HIV 
response, and that cART was an essential component of this response. This led to the creation 
of the Global Fund to Fight AIDS, Tuberculosis and Malaria (GFATM) in 2002, followed 
by the United States Government launching the President’s Emergency Plan for AIDS Relief 
(PEPFAR) in 2003 [1]. On World AIDS Day (1st of December) 2003, the World Health 
Organisation (WHO) and Joint UN Program on HIV/AIDS (UNAIDS) launched their “3 
by 5” initiative, setting a target of initiating 3 million people in lower- and middle-income 
countries (LICs) on cART by 2005 [3]. These actions collectively have resulted in almost 7 
million people having access to cART in 2010 [1].

The use of cART has been shown to decrease the morbidity and mortality associated with 
advanced HIV infection. Life expectancy of patients on cART returns to almost normal in 
both resource-rich and resource-limited settings [4-5]. Since the introduction of cART in 
1996, guidelines on when to initiate this treatment have been changing continuously. From 
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the initial “hit early, hit hard” strategy [6], concerns regarding drug toxicity, drug resistance 
and adherence to the then still substantial pill burdens and complicated regimens led to 
a shift towards initiation at more advanced levels of immunosuppression (typically below 
CD4+ T cell [CD4] counts of 200/mm3) [7]. However, evidence from both developed coun-
tries and resource-poor settings has shown that improved life expectancy and mortality rates 
after cART initiation are strongly correlated with the CD4 count at start of cART [5, 8-10]. 
Patients initiating cART between 200-350 cells/mm3 have a 0.24 (95% confidence interval: 
0.20–0.30) lower hazard of dying in the first 3 years of cART than patients initiating at <50 
cells/mm3. Similarly, patients starting cART at a CD4 count <100 cells/mm3 live on average 
18 years shorter than those starting at >200 cells/mm3 [4].

The survival benefit of starting cART at higher CD4 count levels, which was corroborated 
by results of several randomised clinical trials [11-12] and a meta-analysis [13], has led to 
higher CD4 count thresholds for cART initiation in both the developed and developing 
world. The most recent United States of America (USA) Department of Human Health 
Services and European AIDS Clinical Society guidelines both use a CD4 count cut-off of 
350 cells/mm3, with the option of initating cART between 350 and 500 cells/mm3 [14]. The 
International AIDS Society-USA Panel recommends starting cART at CD4 counts below 
500 cells/mm3, and suggests considering cART in asymptomatic patients with CD4 counts 
>500 cells/mm3 [15].

The WHO followed suit and raised the cART initiation CD4 count cut-off from 200 to 
350 cells/mm3 in 2010 [16]. An observational study in Kampala, Uganda, showed that this 
would increase the proportion of patients eligible to start cART among newly diagnosed 
HIV-infected adults accessing primary health care services from 36% to 57% [17]. Using 
this most recent WHO cut-off, an estimated 47% of eligible adults and children in LICs 
were using cART in 2010. In sub-Saharan Africa, which accounts for 73% of the estimated 
global treatment need, 49% of eligible patients were on treatment [1]. Botswana, Namibia 
and Rwanda were the first three countries with generalised epidemics (defined as an HIV 
prevalence in pregnant women consistently over 1%) [18] to achieve universal access (de-
fined as >80% coverage by WHO).

First-line cART regimens prescribed in LICs (excluding the Americas) are standardised and 
typically consist of two nucleoside analogue reverse transcriptase inhibitors (NRTIs) and 
one non-nucleoside reverse transcriptase inhibitor (NNRTI) [19], thereby preserving the 
more expensive protease inhibitors (PIs) for second-line regimens. In a 2009 cART survey 
among LICs, 94.2% of patients were prescribed lamivudine (3TC), followed by stavudine 
(d4T, 59.7%) and zidovudine (ZDV, 32.1%) as first-line NRTIs [20]. The most commonly 
used first-line NNRTI was nevirapine (NVP, 60.7%) followed by efavirenz (EFV, 38.5%).
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tHe duAl ePIdeMIC of tuberCuloSIS And HIV: tHe globAl And Sub-
SAHArAn AfrICAn PerSPeCtIVe

There are about 8.8 million new cases of tuberculosis (TB) in the world annually, 1.5 million 
of whom die of the disease [21]. HIV-infected individuals are 21-34 times more likely to 
develop TB disease than their HIV-uninfected counterparts [21]. HIV-negative patients 
with latent TB infection have an approximate 10% lifetime risk of developing active TB 
disease, while HIV-positives have an approximate 10% annual risk [22-23]. TB is a leading 
cause of death in people with HIV [22, 24].

Recent evidence suggests that TB infection represents a spectrum of disease, rather than the 
classical division between latent and active disease [25-26]. This spectrum is determined by 
a balance between levels of immune control and mycobacterial replication, which is directly 
influenced by HIV infection tipping the balance in favour of replication and active disease. 
Although the highest risk of TB in HIV-infected individuals is in those with low CD4 
counts [27], TB also occurs at higher CD4 counts [28-30]. The risk of TB disease has been 
shown to increase soon after HIV seroconversion: compared to pre HIV-infection rates, the 
incidence rate of TB doubles within a year of becoming infected with HIV and continues to 
increase over time [31-33].

The advent of the HIV epidemic caused the incidence rates of TB to soar, thereby reversing 
the decline in TB incidence that was observed prior to 1997. In 2003, 30% of the world’s 
population was estimated to be latently infected with TB [22]. Of all new cases of TB, 
1.1 million (13%) occurred in HIV-infected patients; of those, 0.35 million (32%) died. 
In 2010, 26% of all new TB cases occurred in sub-Saharan Africa, but the region bore 
82% of the global 1.1 million new TB cases among HIV-positive people [21]. In southern 
Africa, over 50% of new TB cases occurred in people with HIV. There is cause for optimism, 
however: global TB incidence rates have been decreasing by 1.3% per year since 2006, pos-
sibly due to the increased focus on TB control of recent years [21]. Of the 22 high-burden 
countries, the only country reporting (slowly) increasing incidence rates of TB was South 
Africa.

In recognition of the growing global burden of TB, the WHO launched its control strategy 
DOTS (directly observed therapy, short course) in 1994 [34]. This was a package of essential 
interventions including government commitment, TB case detection, standardised short-
course chemotherapy, regular drug supply and implementation of monitoring systems. The 
targets set to halve the TB prevalence rate by 2015 were: 1) case detection rate, defined as 
the number of new and relapse smear-positive TB cases diagnosed and notified, divided 
by the estimated incident cases of TB that year, of 70%, and 2) treatment success, defined 
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as the percentage of new, registered smear-positive cases that were cured or in which a full 
course of treatment was completed, of 85%. The global case detection rate increased from 
11% in 1995 to 53% in 2004, and treatment success had reached 83% in 2003 [35]. In the 
African region, despite increased TB case detection, the HIV epidemic led the TB incidence 
to increase by 5% per year between 1990 and 2003 [35]. The region also had the lowest 
treatment success rates (71%) and a high mortality (8%). In 2006, WHO introduced the 
Stop TB Strategy in order to achieve the Millennium Development Goals pertaining to TB; 
to halt and to reverse TB incidence, prevalence and death rates by 2015, compared to their 
1990 levels [34]. This strategy built on and expanded DOTS, and included health system 
strengthening, engagement of care providers and patient communities, research into and 
addressing of the new challenges of TB-HIV co-infection and of emerging drug resistant TB.

Collaborative activities to reduce the burden of TB among HIV patients and vice versa were 
formulated [36].The activities to decrease the burden of HIV in TB patients are provision 
of HIV counselling and testing, use of co-trimoxazole preventive therapy and introduction 
of cART. Global HIV testing for TB patients went up from 3.7% in 2003 to 34% in 2010. 
In sub-Saharan Africa, 59% of new TB patients were tested for HIV in 2010. Of those who 
tested positive, 76% were initiated on co-trimoxazole preventive therapy and 42% on cART 
[21].

Overlapping toxicities, drug interactions and fear of immune reconstitution inflammatory 
syndrome (IRIS) made clinicians wary to start concurrent cART in cART-naïve co-infected 
patients. A long period of uncertainty about the timing of cART initiation was brought 
to an end by a randomised controlled trial which showed reduced mortality when cART 
was started during TB treatment compared to after TB treatment completion [37]; the late 
initiation study arm was stopped early due to the clear survival benefit that early initiation 
of cART conferred. The two remaining study arms (cART initiation during intensive or 
continuation phase of TB treatment, respectively), together with two additional randomised 
controlled trials, showed that the greatest benefit of early (<8 weeks) cART initiation was 
realised in patients with CD4 counts <50 cells/mm3 [38-40]. Current guidelines now advise 
all co-infected patients to start cART as soon as possible after TB treatment initiation [16].

Of recent, emphasis has shifted towards the activities to reduce the burden of TB in HIV 
patients, the “3Is”. They include intensified case finding (ICF), isoniazid preventive therapy 
(IPT) and improved infection control. ICF refers to regular screening of all people with 
or at high risk of HIV or in congregate settings for symptoms of TB disease followed by 
prompt diagnosis and treatment [41]. This is opposed to passive case finding (PCF) which 
constitutes detecting TB cases in symptomatic patients presenting themselves for diagnosis 
and treatment of symptoms [42]. IPT has been shown to reduce TB incidence in HIV-
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infected individuals with a positive tuberculin skin test (TST) effectively [43]. Roll-out of 
IPT has been problematic: in 2010, 58% of lower- and middle income countries reported it 
as part of their HIV care package, but only 12% of newly enrolled HIV patients worldwide 
received IPT[1, 44]. The main obstacle is the difficulty of confident exclusion of active TB 
disease, due to suboptimal diagnostic tools.

In recent years, cART has become recognised as an important measure to prevent TB, with 
reduction of incidence rates up to 67%. This proportion was consistent across resource-rich 
and resource-limited settings, and across varying burdens of HIV and TB [45-46].The great-
est preventive effect of cART on the incidence of TB is seen in patients with more advanced 
HIV disease (low CD4 counts are the most important risk factor for TB incidence after 
cART initiation) [47], which reiterates the need for timely cART initiation. TB incidence 
rates will never reach the level of the non-HIV infected population, however [46]. There 
seems to be a place for concomitant IPT in patients on cART, as IPT has been shown to have 
an additional preventive effect in such patients who are TST-positive [48-50].

TB case definitions, treatment and definitions of treatment outcomes are highly standardised 
and are identical for patients with and without HIV co-infection [51].The Ziehl-Neelsen 
stain and microscopy of sputum has been the standard method of TB diagnosis for over a 
century [52], and remains the main tool for case detection of TB in most countries despite 
its low sensitivity (ranging between 32% and 94%) [53]. Diagnosis of TB in HIV-infected 
patients can be more complicated, as they are more likely to have an atypical clinical presenta-
tion, and are more often diagnosed with smear-negative TB [54]. Proportions of subclinical 
TB between 10 and 20% have also been described [55-57]. A definite TB case is a patient 
in whom Mycobacterium tuberculosis has been identified, either by culture or by newer tech-
nologies such as line-probe assay or Xpert MTB/RIF. In settings where these diagnostics are 
unavailable, one or more sputum smears with acid-fast bacilli suffice(s) for the diagnosis of a 
“definite” pulmonary TB case, provided an external quality control system is in place. Every 
TB case is classified according to the anatomical site of infection, bacteriological results, 
history of previous TB treatment and HIV status. A patient suspected of pulmonary TB is 
to submit at least two sputum samples for investigation. If both are negative, but the chest 
X-ray is suggestive of TB or the clinician has a strong clinical suspicion of TB, the diagnosis 
of smear-negative pulmonary TB can be made [58].

TB can be cured by a prolonged course of antibiotics: standard TB treatment regimens 
consist of an intensive phase and a continuation phase of treatment. The intensive phase 
consists of 2 months of rifampicin, isoniazid, pyrazinamide and ethambutol (RHZE); in 
patients previously treated for TB, streptomycin (S) is added for 2 months and RHZE is 
continued for another month. Rifampicin is combined with isoniazid (RH) for a 4-month 



Chapter 1

16

continuation phase. Some high-burden countries still use a 6-month continuation phase 
regimen of isoniazid and ethambutol (EH), despite WHO’s advice to phase out this regimen 
due to higher rates of relapse compared to RH [51, 59-61]. National TB programmes have 
been hesitant to switch mainly due to the fear of selecting for rifampicin resistance by non-
adherence. Systematic evaluations of drug resistance rates before and after implementation 
of RH in the continuation phase are needed to confirm or reject this fear [59-60]. Follow-up 
of treatment is also standardised and includes repeat sputum smears. Treatment outcomes 
are classified as cure (a smear-positive pulmonary TB case with a documented negative smear 
in the last month of treatment), completion (all other TB cases who completed treatment), 
failure (smear or culture positive after 5 months of treatment), death, default (interruption 
of treatment for at least 2 months), transfer-out (to another treatment and recording unit) 
and “other” (a poorly defined category, mainly to capture patients that could not be classified 
otherwise, such as chronic patients).

TB control programmes are highly standardised and vertical [62]. The HIV care setting 
involves different funding institutions with various implementing partners, which has 
led to more diverse service delivery models which are more patient-centred. However, to 
implement the recommended TB-HIV collaborative activities fully, integration of health 
services for HIV and TB service delivery is required. There is a lack of consensus on how to 
implement integration as well as a lack of evidence on its effectiveness [62]. There may also 
be drawbacks such as increased TB transmission.

HIV And tb Co-InfeCtIon In ugAndA

In 1982, the first cases of people dying of an unknown disease in the south-west of Uganda 
were described. This disease, first dubbed “slim disease” due to the extreme wasting associ-
ated with it, was later found to be due to HIV, or HTLV-III, as was one of its names at 
the time [63]. Uganda went on to be one of the first countries to report a generalised HIV 
epidemic. In 1992, the national prevalence was estimated at around 11% [64]. The massive 
campaign to promote safe sexual behaviour launched by the new Ugandan government 
in 1987 is believed to have led to a decrease in prevalence to a stable 6.4% (in the last 
national sero-survey in 2004, Figure 1) [65-67]. Despite the stable HIV prevalence, remark-
able population growth, persistent HIV incidence and reduced HIV-related mortality due 
to scale-up of cART have led to increasing absolute numbers of HIV-infected people (Figure 
1) [68-69]. The HIV prevalence is geographically heterogeneous, with the lowest rates in the 
north-west of the country (2.3%) and the highest in the central area including the capital, 
Kampala (8.5%). Eighteen percent (18%) of new infections are due to vertical (mother to 
child) transmission [70].



17

Introduction

Uganda’s national AIDS commission, set up in 1987, emphasised public awareness, safe 
sexual behaviour (the “ABC” approach: Abstinence, Being faithful and using Condoms) and 
voluntary counselling and testing. The Accelerating Access Initiative paved the way to import 
low-cost generic cART, and led to around 10,000 people being on cART by the end of 2002 
[72]. The first free cART programmes were rolled out in 2004, supported by GFATM, the 
World Bank’s Multi-country AIDS Programme (MAP) and PEPFAR. By 2010, the number 
of people on cART had increased to almost 250,000. Using the WHO’s latest eligibility 
criteria, this was an estimated coverage of 47% [1], while it was 35% in 2005 [68]. In 2007, 
7.4% of pregnant women attending antenatal care were found to be HIV-infected [70]. 
The proportion of women accessing prevention of mother-to-child transmission (PMTCT) 
methods according to WHO guidelines was 42% in 2010. Due to the second highest fertil-
ity rate in the world (6.7 children per woman in 2010), there are relatively high numbers of 
HIV-positive children [73].

With an estimated annual TB incidence of 209 (range 168-254) and TB-related mortality 
of 15 (range 10-22) per 100,000 inhabitants, Uganda is also one of the 22 countries with 
a high burden of TB according to the WHO [21]. Case-detection and treatment success of 
smear-positive TB are steadily increasing (Figure 2). The proportion of TB patients tested 
for HIV rose from 25% in 2005 to 81% in 2010, and HIV-seropositivity of those tested 
was 54% in 2010. Only 24% of HIV-positive TB cases were on cART in 2010, but use of 
co-trimoxazole preventive therapy increased from 25% in 2005 to 90% in 2010 [21].
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figure 1. Trends in population and proportion of HIV infected people over time in Uganda.
Source: World databank [71].
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Current approach to HIV and TB management in Uganda
The Ugandan national health system consists of the public health service and a private sector 
health care delivery system. The private sector covers about 50% of all health care provided. 
It includes private not-for-profit organizations (PNFPs), subsidised by the Ugandan govern-
ment (some of which are based at a government health facilities, especially in rural areas), 
and private health practitioners and facilities (some of which are also subsidised) [70, 74]. 
The public health care system is based on health facilities with increasing levels of specialised 
care and service, from basic outpatient nurse-based care in the lowest level health facility 
structure (level II), to out- and inpatient care at district referral centres (level IV or general 
hospital), to specialised out- and inpatient care, research and training at the national referral 
hospitals (Figure 3). The village health team forms the lowest tier of the health care system 
and does not work from a health facility. It functions as a link between the health care 
system and the community. The first level at which a medical doctor can be found is health 
centre level IV (HCIV). Fifty-four percent of all health facilities in the country are staffed by 
nurses. Since 2001, no user fees are charged in public facilities and in some of the PNFPs, 
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figure 3. Organogram of public health care services in Uganda.
Note. HC, health centre; GH, general hospital; NRH, national referral hospital; RRH, regional referral hospital; 
VHT, village health team.
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although patients are required to pay for certain diagnostic procedures (such as chest X-rays, 
abdominal ultrasounds, but not sputum smears) and medicines (especially during frequent 
drug stock-outs when patients are forced to buy drugs from the private sector). Seventy-two 
percent of households are situated within 5 km of a health facility (public or private).There 
are 2 national referral hospitals, 11 regional referral hospitals and 43 general hospitals in the 
country.

According to Uganda’s Health Sector Strategic Plan, voluntary counselling and testing 
(VCT) of HIV should be offered at the HCII level. All other HIV services, including 
PMTCT and antiretroviral therapy, should be available from the HCIII level upwards. 
Enumeration of CD4 counts should be available from the HCIV level [70]. By March 2010, 
414 health centres throughout the country were accredited to provide cART. These included 
all hospitals, 81% of HCIVs and 6% of HCIIIs [69]. Baseline CD4 count were measured 
in 21% of all patients initiated on cART in the last quarter of 2009 [69]. Except for at a 
few referral hospitals, no viral load measurements are available as part of routine follow-up. 
The latest national guidelines, published in late 2011, largely follow the WHO guidelines 
described above [75]. Co-trimoxazole prophylaxis is to be prescribed to all known HIV-
positive patients, irrespective of their current CD4 count, with an actual usage of 92.7% in 
2010 [69]. cART is to be initiated in the following cases:
•	 CD4	count	of	350	cells/mm3 and below
•	 CD4	count	above	350	cells/mm3 in case of co-infection with TB or hepatitis B, or in 

pregnancy
•	 WHO	Stage	III	and	IV	disease	irrespective	of	CD4	count

First-line cART in Uganda consists of 2 NRTIs (3TC with either ZDV or tenofovir [TDF]), 
and 1 NNRTI (NVP or EFV) [76]. D4T as preferred first-line NRTI was phased out in 
2008 because of its long-term toxicity profile, and is currently reserved for patients in whom 
ZDV or TDF are contraindicated. In the most recent guidelines, which are yet to be widely 
implemented, TDF has replaced ZDV as the preferred NRTI due to long-term side effects 
of ZDV that are similar but less severe than those of d4T [75].

Uganda follows the WHO guidelines for diagnosing and treating TB described above [77]. 
In adults, the continuation phase still consists of 6 months of EH, whereas children are 
already being treated with 4 months of RH. Fear of selecting for drug resistance to rifampi-
cin has been the most important reason not to change to RH. However, recent guidelines 
seem to suggest an impending change by the national TB and leprosy programme (NTLP) 
[75]. The TB programme is set up according to the same operational levels as the National 
Health System [77]. The central unit consists of a programme manager and 9 zonal TB and 
leprosy supervisors. At the district level, the district health officer (DHO) heads the district 
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TB and leprosy supervisors, who in turn are responsible for the TB focal persons and TB 
in-charges at the sub-district level. TB diagnostic services are available at most HCIIIs, but 
treatment initiation takes place at HCIVs and upwards. After completion of the intensive 
phase, patients may be referred back to the HCIII with support from HCII and VHTs 
(mainly functional in rural areas; they help with directly observed therapy).

Ugandan national policy guidelines for collaborative TB-HIV activities were formulated in 
2006, but implementation has been slow [78]. The TB-Control Assistance Program (TB-
CAP) to strengthen TB-HIV collaboration in Uganda, which was concluded in 2010, found 
that coordination of these activities is done by the National Coordination Committee for 
TB-HIV, but is lacking at district level [79]. Only 17% of health facilities had a copy of the 
national TB-HIV policy guidelines. Most health centres still have separate TB and HIV care 
facilities with poor referral mechanisms and inadequate health worker knowledge.

IPT, despite being in the national guidelines since 2010, is currently not being used due to 
the inability to rule out active TB with the current diagnostic facilities, and the ensuing fear 
of selecting for resistance by treating unrecognised active TB with isoniazid monotherapy. 
The TB-CAP programme initiated TB infection control activities by training national 
infection control officers. Infection control plans were also formulated, which emphasise 
separated waiting areas, improved ventilation (in some cases, facilities were supported in 
widening of the windows) and training of health care workers. A national ICF screening tool 
was introduced in October 2008 for implementation in all health care settings with high risk 
patients (those living with HIV/AIDS, or contacts of known TB patients).

Problem statement
The current situation regarding HIV, TB and co-infection management in Uganda is far 
from ideal. Even with the gains made in recent years, cART coverage is still low. There is 
insufficient availability of cART and patients are initiated at very advanced disease stages. 
In the patients who start cART, there is high early mortality, of which TB is one of the 
most common causes [80]. Not all the health care services described above are available, 
while the health systems to accommodate these are still being rolled out and scaled up. A 
2007 assessment of 154 health facilities found 98% offering VCT services and 47% offering 
cART (54% of HCIVs and 15% of HCIIIs) [79]. A general shortage of laboratory staff at 
HCIIIs and HCIVs was found, with 27% of HCIIIs not offering TB diagnostic services. 
In rural areas, TB case detection is particularly low: a recent evaluation by the Integrated 
Infectious Diseases Capacity Building Evaluation (IDCAP) programme showed that among 
30 rural health facilities only 12% of patients qualifying as a TB suspect were referred for TB 
microscopy (manuscript in preparation). Despite national collaborative guidelines being in 
place, TB and HIV services are still very siloed and patient referral mechanisms are lacking, 
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which leads to increased morbidity and mortality. There is very little cART initiation in TB 
patients, and the “3Is” are not functional.

reSeArCH Context: tHe InfeCtIouS dISeASeS InStItute

The Infectious Diseases Institute (IDI) is a Uganda-based non-governmental organisation 
(NGO), owned by Makerere University and is part of its College of Health Sciences. It was 
established in 2002 by the Academic Alliance for AIDS Care and Prevention in Africa, a 
group of infectious diseases experts from Uganda and North America. IDI’s mission is “to 
build capacity of health systems in Africa for the delivery of sustainable, high quality care 
and prevention of HIV/AIDS and related infectious diseases through training, research and 
advanced clinical services” [81]. Its activities centre around four main areas: 1) HIV preven-
tion, care and treatment; 2) training of health care workers, both national and regional; 3) 
research and 4) outreach programmes. The latter are responsible for the capacity building, 
scale-up and roll-out of HIV/AIDS services to other settings: from the Kampala city council 
authority (KCCA) clinics to six rural districts, which encompass 28 health facilities. IDI’s 
research programme includes research on best practices related to HIV in low resource set-
tings, a range of clinical and prevention trials, as well as an observational patient cohort, 
and collaborations with major international academic centres in North America and Europe 
as well as south-south collaborations within Africa. An important focus area is operational 
research into exportable best practices models of care, with good data management as the 
cornerstone of continuous quality improvement. As part of all of IDI’s research activities, 
emphasis is placed on building local research capacity by supporting the development of 
young Ugandan medical researchers. Since its inception, IDI has supported 18 PhD students 
(of whom 5 graduated in the last year 2 of whom were supported by the Netherlands-African 
partnership for capacity development and clinical interventions against poverty-related 
diseases [NACCAP]) and over 30 Masters’ students.

The Adult Infectious Diseases Clinic (AIDC) at the IDI is a non-government facility based 
PNFP and has provided outpatient HIV care since its inception in 2002. Over 26,000 
patients have been registered to date, of whom over 10,000 remain in active follow-up and 
over 8,000 have been initiated on cART. Treatment is based on the national guidelines of 
the Ugandan Ministry of Health as detailed above. Patients requiring inpatient care are 
referred to Mulago Hospital, a tertiary care hospital in the same complex. All care at the 
IDI is free of charge, with the exception of certain additional investigations that cannot be 
offered on-site. Data on clinical parameters, cART and adherence, WHO stage, toxicities 
and opportunistic infections are routinely collected into a database, to which laboratory data 
are added electronically.
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reSeArCH queStIonS And objeCtIVeS

In the context of the above described HIV and TB epidemics in Uganda, and the identi-
fied limitations and operational difficulties, important questions remain to be answered. 
How does the current management of HIV and TB affect mortality, HIV outcomes and TB 
incidence? And how can the provision of care for co-infected patients be improved within 
the context and limitations of the Ugandan health care setting?

The general objectives of this thesis were 1) to evaluate the current state of HIV and TB 
management and its effects on mortality and TB in an urban HIV care setting, and 2) to 
implement and evaluate ways to optimise care of co-infected patients. The HIV clinic at 
IDI, with a large representative urban HIV-infected population, was chosen as the research 
setting.

These broad objectives led to the following 3 themes and specific objectives:
1. To evaluate cART initiation practices over time, and to determine the associated effect 

on mortality and TB incidence.
2. To investigate the effect of (missed) TB diagnosis on the effectiveness of cART.
3. To develop, implement and evaluate methods to optimise TB-HIV care in relation to TB 

screening, TB treatment and HIV treatment.

outlIne of tHeSIS

Antiretroviral therapy (Chapters 2 and 3)
Temporal trends in cART provision in our urban HIV clinic are investigated in Chapter 2. 
Median baseline CD4 counts at cART initiation and the associated mortality are determined, 
as well as the associated diagnosis and care of patients co-infected with TB. In Chapter 3, we 
investigate whether different NNRTIs are associated with different TB incidence rates in the 
first 2 years after cART initiation.

TB screening (Chapters 4 and 5)
In this section, we investigate the impact of cART-associated TB on subsequent CD4 cell re-
covery, and the importance of diagnosing TB prior to cART. In Chapter 4, cART-associated 
TB in our clinic is described, including the incidence rate and associated risk factors. We 
look at the post-cART CD4 count recovery of patients who develop TB compared to those 
that remain TB free. In Chapter 5 we investigate whether an unrecognised diagnosis of TB 
at the start of cART influences subsequent CD4 recovery.
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Integration of TB and HIV care (Chapters 6 and 7)
In Chapter 6, we describe an integrated TB-HIV care model developed at IDI. We evaluate 
whether integrating HIV and TB care results in improved patient management, measured 
by improved TB treatment outcomes (survival and treatment completion) and by prompt 
cART initiation in eligible patients according to the current national guidelines. In Chapter 
7, we report on the feasibility and outcomes of implementing ICF in the IDI clinic. We 
evaluate the associated effect on diagnosis of TB and compare programme screening costs 
before and after ICF implementation.

TB  
treatment 
initiation

TB 
treatment 
completion

TB
investigation

TB symptoms

Pre-cART HIV testcARTRetention Entry via 

Entry via 
TB services

CH 2,3,4,5 CH 5

CH 5,7 CH 6
recognise
TB 
suspect

TB 
diagnosis

Pre-cART
HIV care

HIV testcART
initiation

Retention 
in care

Entry via 
HIV services

CH 2,6CH 2 CH 2

figure 4 shows the clinical pathway of TB and HIV care services and their points of interaction, 
and the points of entry by a co-infected patient. Specific elements addressed in this thesis are 
pointed out.
Note. cART, combined antiretroviral therapy, CH, chapter; TB, tuberculosis.
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AbStrACt

Objectives
High early mortality after combination antiretroviral therapy (cART) initiation in resource-
limited settings is associated with low baseline CD4 T+ cell (CD4) counts and a high burden 
of opportunistic infections. Our large urban HIV clinic in Uganda has made concerted 
efforts to initiate cART at higher CD4 counts and to improve diagnosis and care of patients 
co-infected with tuberculosis. We sought to determine associated treatment outcomes.

Methods
Routinely collected data from all patients initiated on cART from 2005 to 2009 were 
analysed. Median baseline CD4 counts by year of cART initiation were compared using 
the Cuzick test for trend. Mortality and TB incidence rates in the first year of cART were 
computed. Hazard ratios (HR) were calculated using multivariable Cox proportional haz-
ards models.

Results
First-line cART was initiated in 7659 patients; 64% were women, their mean age was 37 
years (standard deviation: 9). Median baseline CD4 counts increased from 2005 to 2009 (82 
cells/mm3 [interquartile range [IQR]: 24, 153] to 148 cells/mm3 [IQR: 61, 197]; P<0.001). 
The mortality rate fell from 6.5/100 pyar (95% confidence interval [CI]: 5.5-7.6) to 3.6/100 
pyar (95% CI: 2.2-5.8). TB incidence rates increased from 8.2/100 pyar (95% CI: 7.1-9.5) 
to 15.6/100 pyar (95% CI: 12.4-19.7). A later year of cART initiation was independently 
associated with decreased mortality (HR 0.91 [95% CI: 0.83-1.00]; P=0.040).

Conclusions
Baseline CD4 counts increased over time and were associated with decreased mortality. Ad-
ditional reductions in mortality may have been due to a better standard of care and increased 
TB case finding. Further efforts to initiate cART earlier should be prioritised even in a 
setting of capped or reduced funding for cART programmes.
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IntroduCtIon

The use of triple combination antiretroviral therapy (cART) decreases mortality in HIV-
infected individuals [1-2]. In recent years, increasing evidence from resource-rich and 
resource-limited settings has been published to support initiation of cART at higher baseline 
CD4+ T cell (CD4) count to decrease mortality and morbidity even further [3-7]. cART 
guidelines in both industrialised countries and in resource-limited settings reflect this data 
[8]; the World Health Organisation (WHO) increased the CD4 count threshold at which 
cART is to be initiated from 200 cells/mm3 to 350 cells/mm3 in their guidelines of Decem-
ber 2009 [9].

CD4 counts at cART initiation are often lower in resource-limited settings compared to in-
dustrialised countries, and are associated with higher mortality after cART initiation (which 
is driven by low CD4 counts) [10-13]. The higher mortality is ascribed to late presentation 
of HIV-infected patients to care, but is also due to the higher prevalence of opportunistic 
infections, especially tuberculosis (TB), and limited access to prophylaxis, diagnostic and 
treatment facilities for these opportunistic infections [11].

Our large urban HIV clinic has made concerted efforts to initiate cART at higher CD4 
counts and to improve diagnosis and care in patients co-infected with TB. We sought to 
ascertain the temporal trends in baseline CD4 counts and to determine the associated 
treatment outcomes. We hypothesised that over the years the median CD4 count at cART 
initiation and TB case finding would have increased, and that an associated decrease in 
mortality would have occurred.

MetHodS

Setting
The Adult Infectious Diseases Clinic (AIDC) at the Infectious Diseases Institute (IDI), at 
the Makerere University College of Health Sciences in Kampala, has provided outpatient 
HIV care since its inception in 2002. Treatment is based on the national guidelines of the 
Ugandan Ministry of Health, and consists of daily co-trimoxazole prophylaxis for all pa-
tients irrespective of CD4 count, and cART initiation in those with a prior AIDS diagnosis 
(WHO stage IV disease) or a CD4 count <250 cells/mm3 [14-15]. In 2009 this CD4 count 
threshold was raised from <200 cells/mm3 [14-15]. First-line cART comprised stavudine 
(d4T) or zidovudine (ZDV) in combination with lamivudine (3TC) plus a non-nucleoside 
reverse transcriptase inhibitor in standard doses (nevirapine [NVP] or efavirenz [EFV]). 
The choice of cART is at the physician’s discretion and is also dependent on availability. 
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Screening for active opportunistic infections including TB takes place prior to cART initia-
tion. Available investigations for TB include sputum microscopy, chest radiology, abdominal 
ultrasonography, and fine-needle lymph node aspiration for acid fast bacilli microscopy and 
cytology. Diagnosis of TB is made on the basis of these investigations, but very often on 
presentation of symptoms only. Patients diagnosed with active TB are treated with standard 
WHO-recommended regimens [16]. A specialised outdoor TB/HIV clinic was set up on 
the IDI grounds in 2008, which centralised all TB and HIV care for both TB suspects and 
patients on TB treatment. Dedicated medical officers and nurse-counsellors were trained 
in the diagnosis and management of the co-infection, and more systematic screening and 
follow-up was implemented.

Scheduled clinic appointments take place every 4 weeks with monitoring of clinical status 
and adherence. CD4 counts are performed every 6 months by FACS calibur (Becton Dick-
inson, Franklin Lakes, NJ, USA). Viral load monitoring is not routine and is only available 
for patients suspected of virological failure on clinical and immunological grounds. Patients 
requiring inpatient care are referred to Mulago Hospital, a tertiary care hospital in the same 
complex. All care at the IDI is free of charge.

Data collection and ethics statement
Data on clinical parameters, cART and adherence, WHO stage, toxicities and opportu-
nistic infections are routinely collected into a database, to which laboratory data are added 
electronically. Pharmacy data on TB drug prescriptions were used to validate this database, 
as previously described [17]. A team of trained nurses and medical officers performs data 
verification with the patient’s medical notes and auditing of this database as part of regular 
clinic monitoring and evaluation, which has been approved by the Institutional Review 
Boards of IDI, the Makerere University College of Health Sciences and the Uganda National 
Council for Science and Technology. De-identified data for our study were extracted from 
this database and analysed.

Study design and selection criteria
Using a retrospective cohort study design, median CD4 counts at cART initiation, mortality 
after cART initiation and incident TB were ascertained in all patients started on first-line 
cART at IDI from January 2005 to December 2009. Patients who initiated cART elsewhere 
were excluded as were patients initiated on second-line cART. We did not include the 
cohorts of 2002 to 2004 because the number of patients started on cART was very low in 
comparison with the later cohorts.

Study outcomes
The primary study outcome was defined as the median CD4 count at cART initiation. 
Secondary outcomes were the mortality rate and the incidence rate of TB in the first year 
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after the start of first-line cART. All analyses were stratified by year of cART initiation. To 
provide adequate background to the study, we described the programme characteristics in 
terms of the median CD4 counts at registration, the proportions of eligible patients started 
on cART, the median times from registration to cART initiation, the median times from 
eligibility to cART initiation and the proportions of loss to follow-up (LFU).

Definitions
The baseline CD4 counts were defined as those that were recorded closest to the cART 
starting date, with a maximum of 6 months before and 15 days after cART initiation. cART 
eligibility was defined as a CD4 count <200 cells/mm3 and/or WHO stage IV. Mortality was 
defined by the date of death recorded in the database. In patients who were confirmed dead 
but of whom the date of death was unknown, the date of the last visit to the clinic was used. 
Incident TB was defined as the first date the diagnosis was recorded in the database or when 
treatment was initiated, whichever date was earlier. LFU after cART initiation was defined 
as non-clinic attendance for more than 90 days [18]. Registration was defined as the date of 
enrolment in care at IDI.

Statistical methods
The Kruskal-Wallis non-parametric one-way analysis of variance and the Cuzick test for 
trend were used to compare median baseline CD4 counts by year of cART initiation. Mor-
tality rates and incidence rates of TB in the first year after cART initiation were computed 
per 100 person-years at risk (pyar). Patients were censored at the time of transfer to another 
clinic, at the date of the last visit to the clinic for patients lost to follow-up, or at the last visit 
date before December 2009 for patients initiated on cART after December 2008. In the 
analysis of time to TB diagnosis there was additional censoring at the time of death. Kaplan-
Meier curves were generated using survival analysis and were compared using the log-rank 
test. Hazard ratios (HR) were calculated using multivariable Cox proportional hazards 
models. The proportional hazard assumption was tested using -ln[-ln(survival)] curves and 
Schoenfeld residuals. In all regression models risk factors were explored using univariable 
regression analysis, and were retained in the multivariable model based on forward selection; 
hypothesised risk factors were included and confounders were retained based on univariable 
P<0.2. Ninety-five percent 95% confidence intervals [CI] were used and P-values ≤0.05 
were considered to be statistically significant. All analyses were conducted using STATA 
version SE 11.1 (StataCorp, College Station, TX, USA).
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reSultS

Programme characteristics
A total of 15 745 patients were registered at IDI between 2005 and 2009. By the end of 
2009, 8833 patients were still in active follow-up. Median CD4 counts at registration went 
up from 66 cells/mm3 (interquartile range [IQR]: 0, 234) in 2005 to 108 cells/mm3 (IQR: 
0, 426) in 2009. With the exception of 2006, the annual proportion of patients eligible 
for cART and initiated on cART increased from 55.8% in 2005 to 69.2% in 2008, with a 
temporary decrease in 2006 (37.7%). The median time from registration to cART initiation 
decreased over time (from 99 [IQR: 43, 355] days in 2005 to 53 [IQR: 28, 84] days in 
2009), again with a temporary increase in 2006 (191 [IQR: 69, 416] days). Proportions of 
LFU in the first year of cART remained relatively stable at approximately 10%.

Patient characteristics
A total of 7659 HIV-infected adults who started first-line cART between January 2005 and 
December 2009 were included, of whom 4929 (64%) were women. The mean age was 37 
years (standard deviation [SD]: 9 years) and the median baseline CD4 count at cART initia-
tion was 109 cells/mm3 (IQR: 38, 176). Data on baseline CD4 count were not available for 
740 (10%) patients. A regimen consisting of d4T+3TC+NVP was initiated in 3544 (46%) 
of patients, 2971 (39%) started a regimen of ZDV+3TC+EFV. Baseline characteristics of 
the included patients by year of cART initiation are shown in Table 1, and showed no 
difference over time except for initial cART regimen and baseline CD4 count.

Baseline CD4 count over time
The median baseline CD4 count at cART initiation in 2005 was 82 cells/mm3 (IQR: 24, 
153) and, with the exception of 2006 (71 cells/mm3 [IQR: 23, 154]), it increased every year, 
in 2008 to 148 cells/mm3 (IQR: 61, 197) and in 2009 to 139 cells/mm3 (IQR: 62, 194). 
The temporal trend in increasing baseline CD4 counts was statistically significant (P<0.001; 
Table 1 and Figure 1).

Mortality in the first year after cART initiation
The 7659 patients contributed 6017 person-years of follow-up. Overall, 338 patients died 
in the first year after cART initiation. The overall mortality rate was 5.6/100 person-years at 
risk (pyar; 95% confidence interval [CI]: 5.1-6.3). The mortality rates fell from 6.5/100 pyar 
(95% CI: 5.5-7.6) in 2005 to 3.6/100 pyar (95% CI: 2.2-5.8) in 2009; the log-rank test for 
equality of survivor functions was: P<0.001 (Figure 2).

We performed Cox proportional hazards models of the association of various factors with 
the mortality in the first year of cART (Table 2). Lower baseline CD4 count, male sex and 
older age were associated with an increased mortality risk. Having initiated cART later was 
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independently associated with a significantly decreased risk of dying (HR per year of later 
cART initiation, 0.91 [95% CI: 0.83-1.00, P=0.040]). The proportional hazards assump-
tion was not violated.

Incidence of TB in the first year after cART initiation
Overall, 495 patients were diagnosed with TB in the first year after cART initiation during 
5728 person-years of follow-up. The incidence rate was 8.6/100 pyar (95% CI: 7.9-9.4). The 
incidence rate fell from 8.2/100 pyar (95% CI: 7.0-9.5) in 2005 to 6.5/100 pyar (95% CI: 
5.3-8.1) in 2007 followed by a rise in 2008 (9.5/100 pyar [95% CI: 7.6-11.9]) and 2009 
(15.6/100 pyar [95% CI: 12.4-19.7]); the log-rank test for equality of survivor functions 
was P=0.003. The cumulative incidence of TB in the first year after cART initiation is 
depicted in Figure 3.

The proportional hazards assumption of the multivariable Cox proportional hazards 
model was violated. We therefore stratified our analysis for the years 2005, 2006 and 2007 
versus 2008 and 2009, based on the difference in TB incidence. Both models showed the 
same covariates to be significantly associated with the outcome with similar HR estimates, 

table 1. Baseline characteristics of 7659 patients initiated on cART between 2005 and 2009.

Category Subcategory 2005 2006 2007 2008 2009

N started on cART (with 
baseline CD4 available)

2581 
(2337)

1343 
(1222)

1743 
(1586)

1017 
(934)

975 
(840)

Sex (female, n [%]) 1635 (63) 846 (63) 1161 (67) 653 (64) 634 (65)

Age (years, mean [SD]) 37.3 (8.7) 36.8 (8.4) 36.9 (8.4) 37.0 (9.0) 37.1 (9.4)

WHO stage (n [%]) I&II 587 (23) 377 (28) 730 (42) 452 (44) 424 (43)

III 1212 (47) 515 (38) 637 (37) 322 (32) 330 (34)

IV 782 (30) 451 (34) 376 (21) 243 (24) 221 (23)

cART regimen (n [%]) d4T+3TC+NVP 1713 (66) 1046 (78) 640 (37) 72 (7) 73 (7)

d4T+3TC+EFV 21 (1) 14 (1) 35 (2) 18 (2) 2 (0)

ZDV+3TC+NVP 46 (2) 28 (2) 78 (4) 232 (23) 424 (44)

ZDV+3TC+EFV 777 (30) 245 (18) 963 (55) 634 (62) 352 (36)

Other 1st line 24 (1) 10 (1) 27 (2) 61 (6) 124 (13)

Baseline CD4 count 
(cells/mm3, median 
[IQR])

82 
(24,153)

71 
(23,154)

137 
(70,181)

148 
(61,197)

139 
(62,194)

Baseline CD4 count 
(cells/mm3, n [%])

≥200 289 (12) 121 (10) 221 (14) 221 (24) 178 (21)

50-199 1169 (50) 612 (50) 1074 (68) 503 (54) 485 (58

<50 879 (38) 489 (40) 291 (18) 210 (22) 177 (21)

Note. cART, combination antiretroviral therapy; d4T, stavudine; EFV, efavirenz; IQR, interquartile range; NVP, 
nevirapine; SD, standard deviation; ZDV, zidovudine; 3TC, lamivudine.
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figure 1. Baseline CD4 counts of patients started on cART by year of cART initiation. Each 
central bar represents the median value, each box represents the 25th through 75th percentile 
(interquartile) range, and the whiskers include 1.5 times the interquartile range below the 25th-
percentile and above the 75th-percentile values. 
*Outliers not depicted: 928 (2006), 1081 (2007), 1296 (2007), 866 (2008) and 886 cells/mm3 (2009).
Note. cART, combination antiretroviral therapy.
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figure 2. Kaplan-Meier curve of proportion of patients surviving the first year of cART over time.
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and visual inspection of the curves also showed a great similarity between the two periods. A 
multivariable Cox proportional hazards model was therefore run on all data, which showed 
lower baseline CD4 count and male sex at cART initiation to be significantly associated with 
TB incidence in the first year (Table 3). Patients initiating cART later were more likely to be 
diagnosed with TB in the first year of cART initiation (HR per year of later cART initiation, 
1.13 [95% CI: 1.05-1.21], P=0.001).

dISCuSSIon

This is one of the first studies to relate decreasing mortality rates of cART initiators to chang-
ing patient characteristics and improved TB case finding after the rapid scale-up of cART 
in East Africa. In our large urban HIV cohort, baseline CD4 counts increased significantly 
over time; this was associated with a decrease in mortality. A later year of cART initiation was 
independently associated with improved survival. Our findings prove that major program-
matic changes are possible in resource-limited settings and that these are associated with a 
measurable effect on all-cause mortality.

There is some published data on changing CD4 counts over time since the roll-out of large 
scale cART in the developing world. The ART-LINC of IeDEA (ART in Lower Income 
Countries collaboration of the International Databases to Evaluate AIDS) cohort, reporting 
on 17 cART programmes and 36 715 patients initiating cART in 12 countries in sub-
Saharan Africa, South America and Asia, showed increasing median baseline CD4 counts 
between 2001 and 2006, with the lowest CD4 counts for the sub-Saharan African region 
(60 cells/mm3 in 2001 increasing to 122 cells/mm3 in 2006) [19]. In studies specifically 
looking at sub-Saharan Africa, most data originate from South Africa where this trend has 
also been noted [20-21]. The South African national AIDS programme found a significant 
increase in median baseline CD4 counts in 44 177 patients initiated on cART: from 68 cells/

table 2. Risk factors of mortality in the first year after cART initiation.

Category Subcategory Hazard Ratio 
(95% CI)

P-value Adjusted Hazard Ratio 
(95% CI)

P-value

Year of cART initiation 0.83 (0.76-0.91) <0.001 0.91 (0.83-1.00) 0.040

Baseline CD4 count (per 
50 cells/mm3 rise) 0.69 (0.63-0.75) <0.001 0.69 (0.63-0.75) <0.001

Sex Female
Male

Ref
1.82 (1.47-2.25) <0.001

Ref
1.41 (1.12-1.77) 0.004

Age (per increment of 
10 years)

1.29 (1.16-1.45) <0.001 1.37 (1.21-1.55) <0.001

Note. cART, combination antiretroviral therapy; CI, confidence interval; Ref, reference category.
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mm3 in 2002 and 2003 to 113 cells/mm3 in 2007 [20]. Our results are consistent with two 
other reports from east Africa: in a large cohort of 23 539 Kenyan patients median baseline 
CD4 counts increased from 119 cells/mm3 at the start of roll-out in 2003 to 172 cells/mm3 
in later years (2004-2006) [22]. Data from Ethiopia on WHO stage at cART initiation (of 
which a higher stage in general corresponds with a lower CD4 count) showed that 94% of 
patients initiated cART at WHO stages III or IV before cART roll-out (2003-06), 83% in 
the rapid scale-up phase (2006-07) and 65% in recent years (2008/9) [23].

We postulate that improved adherence to national guidelines, better training of medical 
officers, faster cART initiation and retention of HIV-positive, not yet cART-eligible patients 
led to the increased baseline CD4 counts in our clinic. We expect the earlier presentation 
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figure 3. Cumulative incidence of TB after cART initiation by year of cART initiation.
Note. cART, combination antiretroviral therapy; TB, tuberculosis.

table 3. Risk factors associated with TB incidence in the first year after cART initiation.

Category Subcategory Hazard Ratio 
(95% CI)

P-value Adjusted Hazard Ratio 
(95% CI)

P-value

Year of cART initiation 1.05 (0.99-1.12) 0.112 1.13 (1.05-1.21) 0.001

Baseline CD4 count (per 
50 cells/mm3 rise) 0.80 (0.75-0.85) <0.001 0.79 (0.74-0.84) <0.001

Sex Female
Male

Ref
1.49 (1.24-1.78) <0.001

Ref
1.44 (1.19-1.74) <0.001

Age (per increment of 10 
years)

0.94 (0.85-1.04) 0.238 0.96 (0.86-1.08) 0.499

Note. cART, combination antiretroviral therapy; CI, confidence interval; Ref, reference category; TB, 
tuberculosis.
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of patients to our clinic, as proven by the higher CD4 counts at registration, to also have 
contributed to this increase. Improved services can be inferred from patients starting cART 
at higher CD4 counts and a larger proportion of eligible patients initiating cART. However, 
interruptions in drug supply and/or funding can jeopardise these improved services quickly, 
as happened in our clinic in 2006 and 2009, when a relative low proportion of eligible 
patients started treatment [24-25].

Our data show that mortality after cART initiation in our clinic decreased significantly over 
time. Rates were lower than earlier published results from the IDI [13], but were similar 
to other rates published from resource-limited settings [11, 26]. A decrease in mortality 
over time since cART roll-out was also reported in South Africa [20]. The lower mortality 
in our clinic was significantly associated with higher CD4 counts at the start of cART, as 
well as with previously published factors as female sex and a lower age at cART initiation 
[11-12, 27]. Independent of a higher baseline CD4 count, a later year of cART initiation 
was significantly associated with lower mortality. This suggests an additional advantage to 
starting cART in 2009 compared to 2005, regardless of the increased CD4 count in 2009. 
We attribute this to an overall better standard of care at the IDI as the clinic became more 
experienced and accustomed to the patient load in the later years after cART roll-out, as 
evidenced by improved programme performance characteristics. Programmatic improve-
ments were, among others, three Continuing Medical Education (CME) sessions a week, an 
electronic patient information system, a home visiting programme, task shifting for stable 
patients to nurse-based care and a pharmacy-only refill programme [28].

An increase in TB diagnoses in the first year after cART initiation was noted in 2008 and 
2009, which coincided with an increased awareness of the complicated diagnosis and man-
agement of co-infected patients, and the set-up of a specialised TB/HIV clinic. We believe 
this has led to better screening, more diagnosis, better treatment and ultimately increased 
survival of patients with TB at the IDI. We believe the majority of these additional TB cases 
to be due to “unmasking” of reactivated TB because of restoration of TB antigen-specific 
functional immune responses [29-31]. The improved TB care at the IDI could partly explain 
the lower mortality seen in later years independent of a higher baseline CD4 count. The 
increase in TB diagnoses also reflects that TB occurs at higher CD4 counts and remains very 
common among cART initiators [32].

Our study has several limitations. The analysis is based on routinely collected data with 
known issues of missing data and outcome ascertainment. We believe 20-60% of patients 
lost to follow-up may have died in addition to the numbers we present here [18, 33]. The 
lack of funds to perform adequate patient tracing and the absence of a Ugandan national 
death registry precluded the use of a weighted analysis adding patients lost to follow-up but 
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known to be dead, as previously used by Boulle et al [21], or the use of a recently published 
nomogram [34]. This analysis therefore represents a conservative estimate of mortality in 
our clinic.

ConCluSIonS

Efforts to initiate cART at higher baseline CD4 counts in our large HIV urban clinic in 
Kampala, Uganda, have been effective, and are associated with decreased mortality. A bet-
ter standard of care and the setting up of a specialised integrated TB/HIV clinic, leading 
to improved TB case finding, may have led to additional reductions in mortality in TB/
HIV co-infected individuals supporting the integration of care. Further efforts to initiate 
cART earlier should be prioritised even in a setting of capped or reduced funding for cART 
programmes.
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AbStrACt

Objective
To evaluate the association of efavirenz (EFV) compared to nevirapine (NVP) with tubercu-
losis (TB) incidence after combination antiretroviral therapy (cART) in a large urban HIV 
clinic in Uganda.

Design
Retrospective cohort study of patients initiated on NVP- or EFV-based first-line cART from 
2005 to 2009.

Methods
The probability (or propensity score) of being prescribed NVP or EFV was calculated by 
fitting a multivariable logistic regression model. Hazard ratios (HR) for developing TB were 
computed using multivariable Cox proportional hazards models with inverse weighting of 
this probability, stratifying by baseline CD4 count and excluding covariates used in the 
calculation of the propensity score.

Results
First-line cART was initiated in 5797 patients; 66% were women with a mean age of 37 
years (standard deviation: 9 years) and a median baseline CD4 count of 117 cells/mm3 
(interquartile range, 43, 182). Sixty percent (n=3484)  were initiated on NVP and 40% 
(n=2313) on EFV. In the first 2 years of cART, 377 patients developed TB. The use of EFV 
compared to NVP was independently associated with higher TB incidence in patients with 
a baseline CD4 count <100 cells/mm3 (HR 2.05 [95% CI: 1.28-3.26], P=0.003), but not at 
higher CD4 counts (HR 0.79 [95% CI: 0.43-1.43], P=0.428).

Conclusions
There was a higher incidence of TB in patients with baseline CD4 counts <100 cells/mm3 
initiated on EFV compared to those initiated on NVP. Appropriate statistical techniques 
should be used to address bias by indication when estimating associations in observational 
studies.
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bACkground

HIV-infected patients have a higher risk of developing tuberculosis (TB) than HIV-unin-
fected patients [1]. Triple combination antiretroviral therapy (cART) can reduce this risk by 
an estimated 67% according to a recent meta-analysis, but it will never reach the same level 
as the general population [2-3]. Early after starting cART the risk of TB is very high, which 
is due to unmasking of previously existent but subclinical TB [3-4]. Many studies have 
reported on risk factors associated with the development of active TB after cART initiation, 
with the most important being low baseline CD4+ T cell (CD4) count, low time-updated 
CD4 count, male sex and low body weight at cART initiation [3, 5-7].

First-line cART regimens prescribed in most low- and middle-income countries are stan-
dardised and typically consist of two nucleoside analogue reverse transcriptase inhibitors 
(NRTIs) and one non-nucleoside reverse transcriptase inhibitor (NNRTI), thereby preserv-
ing protease inhibitors (PIs) for second-line regimens [8]. The choice of cART at the patient 
level is made by the prescribing clinician and is not governed by strict guidelines. Often 
the choice is based on non-clinical factors such as availability resulting from stock-outs or 
delivery of specific drug combinations by different donors.

Several studies have investigated the association between the incidence of TB after cART ini-
tiation and the use of PIs or NNRTIs in both TB low- and high-prevalent settings [6, 9-11], 
but none have addressed the risk of TB associated with specific NNRTIs. An association 
could have profound implications on prescribing guidelines throughout TB-high prevalent 
HIV care settings. We aimed to evaluate the association of post-cART TB incidence with 
efavirenz (EFV) compared to nevirapine (NVP) containing regimens, and whether this as-
sociation differed in separate, clinically relevant CD4 count strata.

MetHodS

Setting
The Infectious Diseases Institute (IDI) is part of Makerere University College of Health 
Sciences in Kampala, Uganda. Its focus is on prevention, care and treatment of HIV-infected 
patients, on research into HIV/AIDS and related diseases in the African setting, and on 
training of African health care workers in HIV/AIDS management. The Adult Infectious 
Diseases Clinic (AIDC) has registered more than 26,000 HIV-infected patients since its 
inception in 2002, of whom over 8,000 have initiated cART and over 10,000 are in active 
follow-up. Treatment of HIV follows Ugandan national guidelines [12], diagnosis and treat-
ment of TB is offered on-site and also follows national guidelines [13]. The AIDC and its 
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treatment protocols for HIV and TB have been described in detail before [14-15]. Diagnosis 
of TB is based on acid fast bacilli microscopy (of sputum or a lymph node aspirate), chest 
radiology, abdominal ultrasonography or clinical suspicion. Mycobacterial culture is not 
routinely available. All care at the IDI is free of charge.

Choice of first-line cART
At the time of our study, cART was recommended in patients with a CD4 count of <250 
cells/mm3 [16]. Available first-line antiretroviral drugs were stavudine (d4T), zidovudine 
(ZDV), and lamivudine (3TC) as NRTIs, and NVP and EFV as NNRTIs. Choice of first-
line cART was at the discretion of the prescribing medical officer but was dependent on 
various factors. Firstly, the type of NNRTI prescribed was dependent on which funding 
institution was to provide the cART for that particular patient: cART from the Global Fund 
to Fight AIDS, Tuberculosis and Malaria (GFATM) in collaboration with the Ugandan 
Ministry of Health (MoH) was mainly d4T+3TC+NVP in a fixed drug combination tablet 
(FDC), whereas cART from the United States President’s Emergency Plan for AIDS Relief 
(PEPFAR) consisted mainly of ZDV+3TC with EFV [17]. In June 2008, the MoH is-
sued guidelines to switch all patients on a d4T-based regimen to a ZDV-based regimen, 
which led to GFATM/MoH also providing ZDV+3TC, offered as an FDC with NVP [12]. 
Secondly, if a patient was on rifampicin-based treatment for active TB, the preferred cART 
was EFV-based to avoid the interaction between rifampicin and NVP, in accordance with 
the World Health Organisation (WHO) and national cART and TB treatment guidelines 
[13, 18]. Therefore, in patients in whom active TB could not be identified at time of cART 
initiation but who the prescribing medical officer suspected of harbouring subclinical TB 
(for example patients with very low CD4 counts or a low body mass index [BMI]), he/she 
would have been more likely to prescribe an EFV-based regimen to avoid switching of cART 
after a diagnosis of unmasking TB. Lastly, EFV is contraindicated in pregnancy. EFV-based 
regimens are therefore less likely to be prescribed in women of child-bearing age who have 
no other pressing indication to start EFV [18].

Data collection
Data on clinical parameters, WHO stage, cART and adherence, toxicities and opportunistic 
infections were routinely collected at each clinic visit (every 4 weeks) and were entered into a 
database to which laboratory data were added electronically. The TB diagnosis was validated 
by pharmacy data on TB drug prescriptions, as previously described [14]. Regular clinic 
monitoring and evaluation of this database by verification with the patient’s medical notes 
was performed by a team of trained nurses and medical officers.
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Ethical approval
The Institutional Review Boards of the IDI, the Makerere University College of Health 
Sciences and the Uganda National Council for Science and Technology gave permission to 
collect and use these clinical data for clinical research. We extracted de-identified data for 
our study from this database.

Study design, selection criteria and study outcome
We used a retrospective cohort study design for this study. All patients who were initiated on 
first-line EFV- or NVP-based cART at the IDI between January 2005 and December 2008 
were eligible for inclusion. Patients with a history of active TB or patients who were on treat-
ment for TB at cART initiation were excluded, as were patients whose chart was unavailable 
for review to ascertain their TB diagnosis. Observations after switching to second-line cART 
were also excluded from the analysis. The study outcome was incident TB in the first 2 years 
of first-line cART.

Definitions
Incident TB was defined by the start of TB treatment irrespective of a TB diagnosis made in 
our clinic or elsewhere and whether the diagnosis was based on bacteriological testing or on 
clinical suspicion. This definition was chosen as mycobacterial cultures were not routinely 
available and as a substantial proportion of TB cases were sputum smear negative. We de-
fined loss to follow-up (LFU) in patients on cART as no documented clinic attendance for 
more than 90 days [19]. Baseline CD4 counts were the closest recorded values to the cART 
start date, maximum 6 months pre- and 15 days post-cART initiation.

Statistical methods
As outlined above, prescription of an EFV- or NVP-based regimen was not due to chance 
alone but was related to multiple factors. When estimating an association of the cART regi-
men and the risk of TB, not controlling for these systematic differences between the two 
groups would lead to ‘bias by indication’. Therefore, the probability (or propensity score) 
of being prescribed an EFV- or NVP-based regimen was calculated for each individual in 
our study [20]. This was done by fitting a multivariable logistic regression model for the 
prescription of EFV or NVP, including all the factors potentially associated with NNRTI 
assignment in our setting: sex, age, baseline CD4 count, weight, year of cART initiation, and 
cART funding source. We thereby assumed to also cover the most important unmeasurable 
factors. Hypothetical interactions between these variables were also included to arrive at a 
saturated model, which was then used to predict the probability of treatment exposure for 
each individual in the study.

A survival model was fitted using inverse probability weighting: each patient received a 
weight inversely proportional to their propensity score [21]. Incidence rates of TB in the 
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first 2 years of first-line cART were calculated per 100 person-years at risk (pyar). Hazard 
ratios (HRs) were computed using a multivariable Cox proportional hazards model with 
time-varying covariates stratified by baseline CD4 count. HRs were initially calculated for 4 
strata of baseline CD4 count (<50, 50-99, 100-199 and ≥200 cells/mm3), which were then 
collapsed to a smaller number of strata based on statistical inference and clinical relevance. 
The only other covariate was time-updated CD4 count (per 100 cells/mm3 increase); the 
covariates used in the calculation of the propensity scores were excluded. The inclusion of 
these covariates was performed in a sensitivity analysis. Cumulative incidence curves were 
generated using survival analysis and were compared using the log-rank test for equality of 
survivor functions. Patients were censored at the time of death or transfer to another clinic, 
at the date of the last visit to the clinic for patients lost to follow-up, or at the last visit date 
before December 2009 for patients initiated on cART after December 2007.

To explore the effect of the inverse probability weighting approach, we also performed 
an unweighted multivariable Cox proportional hazards model with the same variables as 
included in the weighted model.

Covariates to be included in the regression models were explored using univariable re-
gression analysis and were retained in the multivariable model based on forward selection; 
hypothesised risk factors were included and confounders were retained based on univariable 
P<0.2. Interactions between variables were investigated and tested using the Wald test, and 
were included in the model if significant. All statistical tests were two-sided at an α value 
of 0.05 and were conducted using STATA version SE 11.1 (College Station, Texas, USA).

reSultS

Patient characteristics and follow-up
A total of 5797 patients were included in the analysis. The majority were women (66%) with 
a mean age of 37 years (standard deviation, 8.7 years) with a median baseline CD4 count 
of 117 cells/mm3 (interquartile range [IQR], 43, 182]. A total of 3484 patients (60%) were 
started on an NVP-based regimen, and 2313 patients (40%) were started on an EFV-based 
regimen. Baseline characteristics of the two groups are shown in Table 1.

At 2 years after cART initiation, 2895 (50%) patients were still in active follow-up, 282 
(5%) had died, 590 (10%) had been transferred to a different clinic and 728 (13%) were lost 
to follow-up. 1302 (22%) had not yet reached 2 years on cART at the time of censorship of 
the data, but were not lost.
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Incidence of TB after cART and associated risk factors
In the first 2 years of cART, 377 patients developed TB in 6616 person-years of follow-up, 
which amounted to an incidence rate of 6.2 (95% confidence interval [CI]: 5.3-7.2) per 
100 person-years at risk (pyar). In the initial baseline CD4 count strata, EFV use compared 
to NVP use seemed to be associated with higher TB incidence in patients with lower CD4 
counts, and with a lower TB incidence in patients with higher CD4 counts, although the 
adjusted HRs were only statistically significant in patients with a CD4 count between 
50-100 cells/mm3 (Table 2). On further collapsing of the CD4 count strata to greater or 
smaller than 100 cells/mm3, patients initiated on EFV in the lower stratum (<100 cells/
mm3) were found to have a higher TB incidence than patients initiated on NVP (HR 2.05 
[95% CI: 1.28-3.26]: P=0.003), whereas there was no association in patients initiated at 
a higher CD4 count (HR 0.79 [95% CI: 0.43-1.43]: P=0.428). The estimates of the final 
weighted and unweighted multivariable Cox proportional hazards model are shown in Table 
3. In comparison, the unweighted analysis showed a significant association with a lower TB 
incidence with EFV use in this group (HR 0.54 [95% CI 0.38-0.76]: P<0.001). Including 
the covariates used in the calculation of the propensity score in the model did not change 
these estimates. Figure 1 shows the weighted cumulative incidence of TB in EFV and NVP 
users stratified by the final baseline CD4 count strata.

table 1. Baseline characteristics

Category Subcategory All patients 
(N=5797 [100%])

NVP
(N=3484 [60.1%])

EFV
(N=2313 [39.9%])

Sex (female, n [%]) 3847 (66.4) 2375 (68.3) 1470 (63.6)

Age (years, mean [SD]) 37.2 (8.7) 37.1 (8.8) 37.5 (8.6)

Weight (kg, n [%]) <55 2784 (48.0) 1695 (48.7) 1089 (47.1)

≥55 3013 (52.0) 1789 (51.3) 1224 (52.9)

WHO stagea (n [%]) I&II 2184 (37.7) 1237 (35.5) 947 (40.9)

III 2282 (39.4) 1399 (40.2) 883 (38.2)

IV 1321 (22.8) 841 (24.1) 480 (20.8)

Baseline CD4 counta (cells/
mm3, median [IQR])

117 (43, 182) 105 (37, 176) 138 (53, 190)

Baseline CD4 counta (cells/
mm3, n [%])

≥200 974 (16.8) 544 (15.6) 430 (18.6)

100-199 2159 (37.2) 1198 (34.4) 961 (41.6)

50-99 921 (15.9) 597 (17.1) 324 (14.0)

<50 1540 (26.6) 1003 (28.8) 537 (23.2)

aData on WHO stage and baseline CD4 count were not available for 10 patients (7 on NVP, 3 on EFV) and 203 
patients (142 on NVP and 61 on EFV), respectively.
Note. EFV, efavirenz; kg, kilogram; IQR, interquartile range; NVP, nevirapine; SD, standard deviation.
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table 2. Risk of TB in the first 2 years of cART in patients initiated on EFV compared to on NVP, 
stratified by CD4 count at baseline.

CD4 count strata NVP EFV aHR (95% CI)* P-value

Cells/mm3 N  FU years TB cases N FU-years  TB cases

<50 1003 1100 82 537 527 58 1.68 (0.99-2.84) 0.055

50-99 597 760 43 324 322 29 2.73 (1.27-5.91) 0.010

100-199 1198 1584 84 961 1088 35 0.91 (0.47-1.77) 0.787

≥200 544 627 28 430 493 9 0.43 (0.14-1.32) 0.139

<100 1600 1860 125 861 849 87 2.05 (1.28-3.26) 0.003

100-199 1198 1584 84 961 1088 35 0.91 (0.47-1.77) 0.787

≥200 544 627 28 430 493 9 0.43 (0.14-1.32) 0.139

<100 1600 1860 125 861 849 87 2.05 (1.28-3.26) 0.003

≥100 1742 2211 112 1391 1581 44 0.79 (0.43-1.43) 0.428

*weighted for the probability of being prescribed NVP or EFV as first-line cART and adjusted for time-updated 
CD4 count.
Note. aHR, adjusted hazard ratio; cART, combination antiretroviral therapy; CI, confidence interval; EFV, 
efavirenz; FU-years, follow-up years; kg, kilogram; NVP, nevirapine; TB, tuberculosis.

table 3. Stratified multivariable Cox proportional hazards model of risk of TB in the first 2 years of 
cART

Category Subcategory Unweighted aHR
(95% CI)*

P-value Weighted aHR
(95% CI)*

P-value

Baseline CD4 count <100 cells/
mm3

NNRTI use NVP
EFV

Ref
1.44 (1.09-1.89) 0.009

Ref
2.05 (1.28-3.26) 0.003

Baseline CD4 count ≥100 cells/
mm3

NNRTI use NVP
EFV

Ref
0.54 (0.38-0.76) <0.001

Ref
0.79 (0.43-1.43) 0.428

*unweighted and weighted for the probability of being prescribed NVP or EFV as first-line cART; adjusted for 
time-updated CD4 count.
Note. aHR, adjusted hazard ratio; cART, combination antiretroviral therapy; CI, confidence interval; EFV, 
efavirenz; NNRTI, non-nucleoside reverse transcriptase inhibitor; NVP, nevirapine; Ref, reference category; TB, 
tuberculosis;.
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Discussion
The use of EFV- compared to NVP-based first-line cART in patients with a baseline CD4 
count <100 cells/mm3 was associated with a higher TB incidence in the first two years after 
cART initiation. This effect was not seen in patients initiated on EFV with a higher base-
line CD4 count; if anything, there seemed to be a trend in the opposite direction. To our 
knowledge, no previous studies on differences in post-cART TB rates between the different 
NNRTIs have been done.

The reported higher TB incidence with the use of EFV in patients with very low CD4 counts 
could be a result of the prescribing medical officer’s excellent recognition of a high likelihood 
of subclinical TB. Such patients would be initiated on EFV to avoid switching at a later stage 
due to interactions with TB medication. The methodology used in our analysis makes this 
explanation unlikely, however. The inverse probability weighting approach minimised bias 
by indication by adjusting for factors which could make the medical officer suspect subclini-
cal TB, such as low CD4 count, low body weight and male sex. Residual confounding by 
these same covariates was explored in the final model and was not found. CD4 count, as 
the main predictor of TB incidence post-cART initiation [5], was controlled for twice in 
our analysis: baseline CD4 count was included in our propensity score calculation and our 
final multivariable model included time-updated CD4 count. Despite all these measures, we 
still found a differential independent effect of EFV in patients starting cART with low CD4 
counts. We therefore think that the effect reported is a real EFV-related effect.
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figure 1. Cumulative incidence of TB stratified by NNRTI use and by CD4 count at cART initiation.
Log-rank test for equality of survivor functions: P=0.003
Note. cART, combination antiretroviral therapy; EFV, efavirenz; NNRTI, non-nucleoside reverse transcriptase 
inhibitors; NVP, nevirapine; TB, tuberculosis.
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Our finding is surprising, as the comparable efficacies of NVP and EFV have been dem-
onstrated by several randomised controlled trials and have been corroborated by a meta-
analysis [22-23]. Both drugs have similar virological success rates, and no differences in 
immunological reponse, HIV viral load decline, mortality or progression to AIDS have been 
found. It thus seems unlikely that the higher risk of TB with EFV in patients with low CD4 
counts is due to differences in effectiveness of HIV treatment. Explanations are speculative, 
but could include a direct relationship between the use of EFV and active TB, other than 
via HIV-1 viral load or via CD4 count. Recent evidence showed that EFV is associated with 
lower vitamin D levels, while NVP was not [24]. In turn, patients with active TB disease 
are known to have lower vitamin D levels [25]. A recent paper found a temporal association 
between low seasonal vitamin D levels and increased new TB case notifications in South 
Africa [26], sparking interest in low vitamin D levels as a risk factor of TB disease. It has 
been suggested that the increased risk of TB in patients with low vitamin D levels could be 
increased in patients with HIV, particularly in patients with very low CD4 counts [27].

Estimating causal effects of treatment in observational cohort studies should be done with 
caution. Due to non-randomisation, bias by indication should be adequately controlled for. 
In our study, the unweighted adjusted HRs differed quite substantially from the weighed 
estimates, both in magnitude of effect and in width of confidence interval, exemplifying 
the strong bias by indication effect which may lead to spurious interpretations [21]. Further 
research is needed to solidify these findings, preferably in a randomised controlled trial set-
ting or, if not feasible, in larger multi-site observational cohort studies or by a meta-analysis. 
If this effect is consistently found, it should spark a debate on NNRTI initiation guidelines 
in patients with low CD4 counts in high TB prevalent settings.

We cannot exclude the possiblity of other factors influencing the prescription of EFV versus 
NVP. If present, these were unmeasurable and therefore unable to be corrected for. Other 
limitations of our analysis were the lack of microbiological confirmation of TB diagnoses, 
the retrospective study design and the use of routinely collected data with incomplete data 
and outcome ascertainment.

ConCluSIon

There was a higher incidence of TB in patients with baseline CD4 counts <100 cells/mm3 
initiated on EFV compared to those initiated on NVP. Appropriate statistical techniques 
should be used to address bias by indication when estimating associations in observational 
studies.
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AbStrACt

Background
Combination antiretroviral therapy (cART) effectively decreases tuberculosis (TB) incidence 
in the long-term, but is associated with high TB incidence rates in the first 6 months. We 
sought to determine the incidence of and the risk factors for incident TB during cART, and 
the associated long-term effects on HIV treatment outcomes in a large urban HIV clinic in 
Uganda.

Methodology/Principal Findings
Routinely collected longitudinal clinical data from all patients initiated on first-line cART 
were retrospectively analysed. 5,982 patients were included with a median baseline CD4+ 
T cell (CD4) count of 117/mm3 (interquartile range [IQR]: 42, 182). In the first 2 years 
on cART, there were 336 (5.6%) incident TB events in 10,710 person-years (py) of follow-
up (3.14 cases/100 pyar [95% CI: 2.82 – 3.49]). Incidence rates (95% CI) at 0-3, 3-6, 
6-12 and 12-24 months were 11.25 (9.58-13.21), 6.27 (4.99-7.87), 2.47 (1.87-3.36) and 
1.02 (0.80-1.31) per 100 pyar, respectively. Incident TB during cART was independently 
associated with a baseline CD4 count of <50 cells/mm3 (hazard ratio [HR]: 1.84 [95% CI: 
1.25-2.70], P=0.002) and male gender (HR 1.68 [95% CI: 1.34-2.11], P<0.001). After two 
years on cART, the patients who had developed TB in the first 12 months had a significantly 
lower median CD4 count increase (184 cells/mm3 [IQR: 107, 258, n=123] versus 208 
cells/mm3 [IQR: 123, 309, n=2209], P=0.01), a larger proportion of suboptimal immune 
reconstitution according to two definitions (increase in CD4 count <200 cells/mm3 [58.8% 
vs 47.1%, P=0.005] and absolute CD4 count <200 cells/mm3 [30.1 vs 20.1%, P<0.001]), 
and a higher percentage of immunological failure according to the WHO criteria (13.6% vs 
6.5%, P=0.003). Incident TB during cART was independently associated with poor CD4 
count recovery and with fulfilling WHO immunological failure definitions.

Conclusions/Significance
Incident TB during cART occurred most often within 3 months and in patients with CD4 
counts less than 50 cells/mm3. Incident TB during cART is associated with long-term im-
pairment in immune recovery.
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IntroduCtIon

The use of triple combination antiretroviral therapy (cART) causes major reductions in 
HIV-associated morbidity and mortality, and decreases the risk of developing tuberculosis 
(TB) by 70-90% [1-4]. This reduction is time-dependent, however. Progressive immune 
reconstitution decreases the risk of TB in the long-term, but there are high incidence rates 
of TB early after cART initiation both in developed countries and in resource-limited set-
tings [5]. Incident TB during cART is often due to “unmasking” of reactivated TB because 
of restoration of TB antigen-specific functional immune responses. A subset of these cases 
will have inflammatory symptoms consistent with immune reconstitution inflammatory 
syndrome (IRIS) [6]. The high incidence of TB early during cART significantly contributes 
to the high mortality rates early after cART initiation reported in resource-limited settings 
[7-9]. Patients with very low baseline CD4+ T cell (CD4) counts are at higher risk for 
unmasking TB as well as for dying early after cART initiation. They are also more likely to 
have suboptimal immunological recovery, which has been reported in both resource-rich 
and resource-limited settings [10-15].

Suboptimal immune reconstitution affects up to 30% of all patients initiated on cART [10, 
16]. Definitions vary, but immunological non-responders in developed countries are, in gen-
eral, identified by a <30% increase in CD4 count or an absolute CD4 count <200 cells/mm3 
with full suppression of HIV replication during the first 6-12 months of cART [10]. Current 
CD4 counts are the most important determinant of mortality after cART initiation [13, 
17-18].  In developed countries, immunological non-responders also have an approximately 
doubled relative risk of clinical progression to AIDS compared to patients with an adequate 
response [10], although a study conducted in our own clinic in a resource-limited setting 
could not confirm these findings [11]. In addition, there was a recent report from Spain that 
immunological non-responders also have a higher rate of non-AIDS related mortality [19].

We sought to determine the incidence of, the risk factors for and the long-term effects of 
incident TB on HIV treatment outcomes in a large urban HIV clinic in Uganda.

MetHodS

Setting
The Adult Infectious Diseases Clinic (AIDC) at the Infectious Diseases Institute (IDI), at 
the Makerere University College of Health Sciences in Kampala, provides outpatient care 
to over 20,000 registered HIV-positive patients since its inception in 2002. Currently 
more over 8,000 have been initiated on cART and more than 10,000 patients are in active 
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follow-up. Treatment is based on the national cART guidelines of the Ugandan Ministry of 
Health, which, at the time of our study, consisted of daily co-trimoxazole prophylaxis for all 
patients irrespective of their CD4 count, and cART initiation in those with a prior AIDS 
diagnosis (World Health Organization [WHO] stage IV disease) or with a CD4 count <200 
cells/mm3 [20]. First-line cART consisted of a nucleoside analogue reverse transcriptase 
inhibitor (NRTI, stavudine [d4T] or zidovudine [ZDV]) in combination with lamivudine 
(3TC) plus a non-nucleoside reverse transcriptase inhibitor (NNRTI) in standard doses 
(nevirapine [NVP] or efavirenz [EFV]). Choice of cART was at the physician’s discretion 
and was also dependent on availability of the different first-line options. Clinical screening 
for active opportunistic infections including TB took place prior to cART initiation. Avail-
able investigations for TB included fluorescence sputum smear microscopy, chest radiology, 
abdominal ultrasonography, and fine-needle aspiration of lymphadenopathy for acid fast 
bacilli microscopy and cytology. A diagnosis of TB was made on the basis of these investiga-
tions, but very often on clinical grounds. No mycobacterial culture facilities were available 
for routine evaluation. Patients diagnosed with active TB were treated with a standard 8 
month regimen with a 8 week, 4 drug (isoniazid, rifampicin, ethambutol and pyrazinamide) 
intensive phase and a subsequent 6 month, 2 drug (isoniazid, ethambutol) continuation 
phase. Scheduled clinic appointments took place every 4 weeks with monitoring of clinical 
status and adherence, CD4 counts are performed every 6 months by FACS calibur (Becton 
Dickinson, Franklin Lakes, NJ, USA). Viral load monitoring (Roche Amplicor, Switzerland, 
with a detection limit of 400 copies/mm3) was not routine and was only available for patients 
suspected of virological failure on clinical and immunological grounds. Patients requiring 
inpatient care were referred to Mulago National Referral Hospital, a tertiary care hospital in 
the same complex. All treatment at the IDI was free of charge.

Data collection and ethics statement
Data on clinical parameters, cART and adherence, WHO stage, toxicities and opportunistic 
infections were routinely collected into a database, to which laboratory data were added. 
A separate database was recently populated with pharmacy data on TB drug prescriptions 
since 2006. A team of trained nurses and medical officers verified data with the patient’s 
medical notes and audited this database as part of regular clinic monitoring and evaluation. 
Use of this database for clinical research was approved by the Institutional Review Boards 
(IRB) of the IDI, the Makerere University and the Uganda National Council for Science 
and Technology. The data for our study were extracted from this database and were analysed 
anonymously.

Study design and selection criteria
Incident TB (defined by the start of TB treatment) in the first 2 years after cART initiation 
was ascertained retrospectively in all patients started on cART at the IDI from January 2003 
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to January 2009. Patients who initiated cART elsewhere were excluded as were patients 
initiated on second-line cART. Patients with a history of active TB were excluded from 
the analysis (Supplemental Figure 1 and Supplemental Table 1). The TB drug prescription 
database was merged with the clinic database to validate the coding of new TB after cART 
initiation (Supplemental Figure 2). Patients coded as having developed TB after cART 
initiation in both databases were considered as TB cases. The TB status of cases identified in 
only one of the two databases was ascertained after review of charts by the validation team, 
confirming a TB diagnosis by a clinician and the starting date of cART and TB treatment. 
This included all cases of TB before initiation of the TB drug prescription database in 2006. 
Patients whose charts were unavailable for review were excluded from the analysis. Patients 
who were treated for TB after first-line cART initiation were considered TB cases in the 
analysis, whether they were diagnosed in our clinic or elsewhere, and whether the diagnosis 
was based on bacteriological testing or on clinical suspicion.

Definitions
Loss to follow-up after cART initiation was defined as no documented clinic attendance for 
more than 90 days [21]. Immunological failure at 24 months was defined by fulfilment of 
one or more of the WHO criteria: a decrease in CD4 count to pre-cART level or below, a 
decrease in CD4 count from the on-treatment peak value by more than 50% or a persistent 
CD4 count <100 cells/mm3 [22]. For suboptimal immune response at 24 months on cART, 
we used two previously used definitions: a CD4 count increase of <200 cells/mm3 and not 
attaining an absolute CD4 count >200 cells/mm3 [11]. To determine the effect of incident 
TB on CD4 count, suboptimal immune response and immunological failure at 24 months, 
we restricted our analysis to patients who developed TB within 12 months after cART initia-
tion and to those who remained TB free during the entire 24 months of follow-up to exclude 
patients on treatment for active TB at the time of CD4 count recovery comparison.

Statistical methods
TB incidence rates were calculated per 100 person-years at risk (pyar). Patients were cen-
sored at the time of TB diagnosis or at the date of death or transfer-out, at the last visit 
date before January 2009, or, in the case of loss to follow-up, date of the last clinic visit. 
Risk factors associated with the incidence of TB were analysed using a Cox proportional 
hazards model. Differences in the median absolute and the median change in CD4 counts 
and CD4 percentages at 24 months were compared between patients who never developed 
TB and those who did using the Mann-Whitney test. The proportions of immunological 
failure and suboptimal immune reconstitution were compared between these two groups 
using Chi-squared tests. Multiple linear regression models were fitted to investigate the effect 
of incident TB on CD4 count (absolute and change from baseline), adjusting for baseline 
CD4 count, sex, ZDV-based regimen and age. Generalised estimating equations were used 
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to account for the intra-individual correlation of repeated measurements. Robust standard 
errors and an exchangeable correlation matrix with a linear link were employed. A multivari-
able logistic regression analysis was performed to investigate the effect of incident TB on 
immunological failure adjusting for the same factors.

In all regression models, risk factors were explored using univariable regression analysis 
and were retained in the multivariable model based on forward selection; hypothesised risk 
factors were included and confounders were retained based on univariable P<0.2. Interac-
tions between variables were investigated and tested using the likelihood ratio test, and were 
included in the model if significant. All statistical tests were two-sided at an α value of 0.05 
and were conducted using STATA version IC 10.0 (StataCorp, College Station, TX, USA).

reSultS

Patient characteristics and follow-up
A total of 5982 HIV-infected adults who started first-line cART between January 2003 and 
January 2009 were included. The baseline characteristics of the included patients are shown 
in Table 1. The majority of the patients were women (66.5%). The mean age of the cohort 
was 37.2 years and the median baseline CD4 count was 117 cells/mm3 (interquartile range 
[IQR]: 42, 182). Data on baseline CD4 count and CD4 percentage were not available for 
282 patients (16 of whom had incident TB). Almost all patients were started on two NRTIs 
and an NNRTI.

Incident TB and risk factors
In the first two years of cART, there were 336 (5.6%) new TB diagnoses in 10,710 person-
years of follow-up (3.14 cases/100 pyar [95% CI: 2.82 – 3.49]). Incidence rates (95% CI) 
of TB at 0-3, 3-6, 6-12 and 12-24 months were 11.25 (9.58-13.21), 6.27 (4.99-7.87), 2.47 
(1.87-3.36) and 1.02 (0.80-1.31) cases/100 pyar, respectively (Figure 1). The multivariable 
Cox proportional hazards analysis showed a baseline CD4 count of <50 cells/mm3 (hazard 
ratio [HR] 1.84 [95% CI: 1.25-2.70], P=0.002) and male gender (HR 1.68 [95% CI: 
1.34-2.11], P<0.001) to be significantly associated with TB. Age (per increment of 10 years, 
HR 0.91 [95% CI: 0.79-1.04], P=0.17) and year of cART initiation (HR 1.03 [95% CI: 
0.93-1.14], P=0.55) were not associated. HRs were similar when the analysis was done using 
baseline CD4 count quartiles and when including only patients with complete baseline 
CD4 count data (data not shown).

Association between incident TB and immunological response to cART
The CD4 count responses (absolute and percentage) to cART in TB cases were determined 
and compared with the responses observed among those who remained TB free. There were 
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2376 (40%) included patients with 24 months of follow-up data available for analysis, of 
whom 123 (5.1%) developed TB in the first 12 months on cART and 2209 (93.0%) re-
mained TB free after 2 years on cART. Forty-four (1.9%) patients developed TB between 12 
and 24 months on cART, these were excluded from the analysis. Data on the HIV treatment 
outcomes of all patients are summarised in Supplemental Table 2. At two years, both the 
median absolute CD4 count (269 cells/mm3 [IQR: 179, 363] vs 312 cells/mm3 [IQR: 221, 
431], P=0.002) and the median CD4 count increase (184 cells/mm3 [107, 258] vs 208 cells/
mm3 [123, 309], P=0.02) were significantly lower in the TB group. There was no significant 
difference in the median absolute or the median change in CD4 percentages: 17 (IQR: 12, 
22) vs 17 (IQR: 13, 22): P=0.20 and 12 (IQR: 7, 15) vs 10 (IQR: 7, 14): P=0.51. The in-
cident TB group had a larger proportion of suboptimal immune reconstitution according to 
the two definitions used: a CD4 count increase of <200 cells/mm3 after 24 months on cART 
(56.8% vs 47.1%, P=0.005) and not attaining an absolute CD4 count >200 cells/mm3 

table 1. Baseline characteristics.

Category Subcategory All patients 
(5982 [100%])

TB cases 
(N=336 [5.6%])

Non-TB cases 
(N=5646 [94.3%])

Sex (female, n [%]) 3978 (66.5) 185 (55.1) 3793 (67.2)

Age (years, mean [SD]) 37.2 (8.7) 36.9 (8.7) 37.2 (8.7)

WHO stagea (n [%]) I&II 2210 (37.1) 98 (29.2) 2112 (37.6)

III 2367 (39.7) 145 (43.2) 2222 (39.5)

IV 1380 (23.2) 93 (27.7) 1287 (22.9)

Baseline CD4 counta 
(cells/mm3, median [IQR])

117 (42, 182) 85.5 (31.5, 153.5) 119 (43, 183)

Baseline CD4 counta 
(cells/mm3, n [%])

≥200 988 (17.3) 36 (11.3) 952 (17.7)

50-199 3140 (55.1) 172 (53.8) 2968 (55.2)

<50 1572 (27.6) 112 (35.0) 1460 (27.1)

Baseline CD4 percentagea 
(median [IQR])

7.0 (3.3, 11.4) 6.0 (3.0, 9.0) 7.0 (3.4, 11.8)

cART regimen  (n [%]) d4T+3TC+NVP 3205 (53.6) 215 (64.0) 2990 (53.0)

d4T+3TC+EFV 75 (1.3) 9 (2.7) 66 (1.2)

ZDV+3TC+NVP 351 (5.9) 11 (3.3) 340 (6.0)

ZDV+3TC+EFV 2159 (36.1) 94 (28.0) 2065 (36.6)

Other 1st lineb 192 (3.2) 7 (2.1) 185 (3.3)

a Data on CD4 count and CD4 percentage were not available for 282 patients (16 with incident TB); Baseline 
CD4 counts and percentages were those that were recorded closest to the cART starting date, with a 
maximum of 6 months pre- and 15 days post-cART initiation. Data on WHO stage were not available for 25 
patients.
b Other first line triple cART regimens.
Note. cART, combination antiretroviral therapy; d4T, stavudine; EFV, efavirenz; IQR, interquartile range; NVP, 
nevirapine; TB, tuberculosis; ZDV, zidovudine; 3TC, lamivudine.
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(30.1% vs 20.1%, P<0.001). Multiple linear regression analysis using generalised estimating 
equations of the factors associated with CD4 change at two years confirmed that incident 
TB during cART was associated with lower CD4 count recovery (β-coefficient -143.05 
[95% CI: -191.47 to -94.64], P<0.001). Poor CD4 count restoration was also associated 
with male sex (Table 2), and with higher baseline CD4 counts. Effect modification between 
sex and baseline CD4 count was found, which may be explained by a lower median baseline 
CD4 count in men. Age and use of a ZDV-based regimen were not associated with CD4 
count change at 2 years. The results of multiple linear regression analysis of the association 
of these factors with absolute CD4 counts at 24 months were similar (data not shown), 
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figure 1. Tuberculosis incidence rates after cART initiation.
Post-cART TB incidence rates over time, with the bars representing the 95% confidence intervals 
around the point estimates.
Note. cART, combination antiretroviral therapy; CI, confidence interval; pyar, person-years at risk; TB 
tuberculosis.

table 2. Multiple linear regression of the relationship with CD4 change after 24 months of cART.

Category Subcategory β-Coefficient (95% CI) P-value

Incident TB after cART No Ref

Yes -143.05 (-191.47 to -94.64) <0.001

Baseline CD4 count (cells/mm3, per 50 
cells’ rise)

-23.38 (-32.99 to -13.78) <0.001

Sex Female Ref

Male -48.04 (-63.03 to -33.05) <0.001

Interaction term baseline CD4 and sex 0.17 (0.05 to 0.29) 0.004

Age (years, per 10 years’ rise) -1.56 (-5.92 to 2.79) 0.48

Regimen Non-ZDV based Ref

ZDV-based 4.56 (-1.64 to 10.76) 0.15

Note. cART, combination antiretroviral treatment; CI, confidence interval; Ref, reference category; TB, 
tuberculosis; ZDV, zidovudine.
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with the exception of a positive association of a higher baseline CD4 count which was to 
be expected. Trajectories of median CD4 counts over time in the two groups are shown in 
Figure 2.

In addition, a higher proportion of patients who developed TB in the first 12 months after 
cART initiation could be classified as having immunological failure at 24 months according 
to the WHO criteria compared to those who did not (13.0% vs 7.5%, P=0.001). This effect 
was confirmed by multivariable logistic regression analysis which showed a significantly 
increased likelihood of immunological failure (odds ratio [OR]: 2.02 [95% CI:1.13-3.59], 
P=0.02) with incident TB, independent of baseline CD4 count, male sex, older age and the 
use of ZDV (Table 3).

Loss to follow-up and mortality
After two years on cART, 888 (14.8%) patients were lost to follow-up and 596 (10.0%) had 
been transferred to a clinic elsewhere. The median follow-up time was 603 days (IQR 196, 
708). Six percent (n=363) of the patients died in the first two years of cART, with a rate of 
3.01 per 100 pyar (95% CI: 2.71-3.35). Mortality rates (95% CI) for 0-3, 3-6, 6-12 and 
12-24 months mirrored the TB incidence rates: 10.05 (8.49-11.89), 4.76 (3.68-6.15), 2.89 
(2.25-3.71) and 1.30 (1.05-1.61), respectively (Supplemental Figure 3).
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figure 2. Trajectories of median CD4 counts by TB status in the first two years of cART.
Patients with incident TB during cART (triangles with dashed line) compared to patients who 
remained TB free (circles with solid line) throughout the follow-up period.
Note. cART, combination antiretroviral treatment; TB, tuberculosis.



Chapter 4

70

dISCuSSIon

Patients who developed TB after cART initiation in our large urban cART cohort were more 
likely to have suboptimal immune reconstitution despite TB treatment. Active TB in the 
first year after cART initiation had long-lasting effects on immune restoration; the median 
CD4 count change at 2 years was significantly lower after correction for their lower baseline 
CD4 count. These patients also fulfilled the WHO criteria for immunological failure more 
often. To our knowledge, the immunosuppressive effect of incident active TB after cART 
initiation has not been previously described.

The potential of virological and immunological response to cART seems to be equal in both 
resource-rich and resource-limited settings [12, 16, 23-24], although there are some reports 
that less overall immune recovery occurs more often in resource limited settings [14, 23]. In 
all settings, the most important factor associated with suboptimal immune reconstitution 
is baseline CD4 count, but other factors, such as higher baseline HIV viral loads, male sex, 
older age and hepatitis C co-infection, have also shown to be associated [10, 16, 25-30]. The 
use of ZDV-based regimens has also been implicated [11, 31-32]. We were able to analyse 
and identify an association with most of these factors in our study, except for HIV viral 
load and hepatitis C co-infection as our setting does not allow for routine HIV viral load 
or hepatitis C serologic testing. A higher baseline CD4 count was associated with a lower 
CD4 count increase after two years of cART, which is consistent with previous reports which 
show that patients with the lowest baseline CD4 count tend to have the largest CD4 count 
increase [33-34]. In multiple linear regression analysis, the negative effect of incident TB 
during cART on immune restoration was independently associated.

The underlying mechanisms of immunological non-response are not completely understood, 
but it seems that a complex model of immune activation, T cell turnover and homeostatic 
regulation is responsible for CD4+ T cell loss [10]. Excessive T cell destruction due to T 
cell activation plays an important role, and has been shown to persist even after HIV viro-
logical suppression occurs [35-37]. Higher levels of T cell activation have been reported in 

table 3. Multivariable logistic regression of immunological failure after 24 months on cART.

Category Odds Ratio (95% CI) P-value

Incident TB after cART 2.02 (1.13-3.59) 0.02

Baseline CD4 count (cells/mm3, per 50 cells’ rise) 1.22 (1.14-1.30) <0.001

Male sex 1.30 (0.93-1.82) 0.13

Age (years, per increment of 10 years) 0.89 (0.73-1.08) 0.25

ZDV-based regimen 1.61 (1.14-2.27) 0.007

Note. cART, combination antiretroviral treatment; CI, confidence interval; TB, tuberculosis; ZDV, zidovudine.
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HIV-seronegative Africans [38], and have been attributed to frequent infections by various 
endemic pathogens, such as parasitic infections. It has been suggested that co-infections 
might limit the capacity for restoration of CD4 counts through an immunosuppressive ef-
fect on haematopoiesis and, most importantly, through augmentation of the HIV-induced 
heightened immune activation leading to widespread apoptosis of both HIV-infected and 
uninfected lymphocytes [39-40]. In a small study done in Uganda, the presence of co-
infection with highly prevalent and endemic pathogens in patients with and without cART 
was associated with increased CD4+ T cell activation independent of CD4 count and HIV 
viral load [41]. Moreover, in another study also done in Uganda, patients who developed 
an AIDS-defining condition within 12 weeks pre- or post-cART initiation took longer to 
achieve an increase in CD4 count of 50 cells/mm3 [42].

TB induced immunosuppression is a well-studied area: an investigation of T cell cytokine 
responses in HIV-negative pulmonary TB patients showed a persistent depressed tuberculin-
induced IFN-γ response up to 18 months despite successful treatment, suggesting a long-
lasting depletion or primary dysfunction of antigen-responsive T cells from the peripheral 
blood due to active TB [43]. Furthermore, apoptosis of Mycobacterium tuberculosis-reactive 
CD4+ and non-CD4+ T cells seems to be increased in pulmonary TB patients [44]. Taken 
together, these results suggest that TB may have a long-lasting immunosuppressive effect, 
which may account for the persistently decreased CD4 count levels we found in our patients 
with incident TB. We hypothesise that the co-infection leads to a long-lasting augmentation 
of the already heightened T cell activation in HIV-infected patients, followed by increased 
apoptosis of CD4+ T cells with decreased immune restoration.

Furthermore, our data suggest that there may be a specific effect of incident TB after cART 
initiation on immune recovery. A Malawian study of 76 clinical cART failure cases reported 
that extrapulmonary TB and Kaposi’s sarcoma were the most common conditions causing 
misclassification compared to virological failure as the gold standard. However, these fac-
tors were not significant in multivariable analysis [45]. Other studies have reported that 
AIDS events (including TB) before or at the time of cART initiation are not associated with 
decreased immune recovery [46-48], although the numbers of patients analysed were small 
and this was not the primary study objective. There has also been a report suggesting the 
contrary [14]. In a study from South Africa, there was no effect on immune recovery at 48 
weeks with prevalent and early incident TB together, although a relatively low proportion 
(25%) of patients were available for analysis at the end of follow-up [49].

A recent paper published by Lawn and colleagues showed that the amount of time spent 
at lower CD4 count levels after cART initiation was the predominant predictor of TB risk 
from 4 months of cART onwards in South Africa [50]. We restricted our comparison of 
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immune recovery at 2 years after cART initiation to patients who initiated TB treatment 
within the first 12 months of cART and to those who remained TB free, and excluded all 
cases of active (and thus also recurrent) TB at the time of comparison. Our results do not 
examine the duration of the effect of incident TB on immune recovery. The poor CD4+ T 
cell reconstitution could also represent a temporary delay in immune recovery followed by 
the same recovery rate as non-TB patients as suggested by the similarity in slope in figure 2. 
Patients with incident TB after cART would still spend a significantly longer period of time 
at lower CD4 counts compared to patients who remained TB free after cART.

As TB is the most frequent opportunistic infection in HIV-infected patients in our setting, it 
is possible that the decreased CD4 counts in patients after TB treatment may partly account 
for the high rates of misclassification of treatment failure based on the WHO immunological 
criteria, which have been reported in a number of recent papers from sub-Saharan Africa 
[45, 51-56]. The sensitivities of the WHO criteria ranged from 8% to 23% with specificities 
from 90% to 98%. In our study, patients with incident TB during cART were twice as likely 
to be classified as having immunological failure after 2 years on cART than those without, a 
finding which was confirmed to be independent of other associated factors in multivariable 
logistic regression. Misclassification of these patients as failing immunologically puts them 
at risk for inappropriate switching to second-line therapy. Interestingly, the immunosup-
pressive effect was not seen with CD4 count percentages. The CD4 percent may be a better 
parameter to use in settings without access to viral load confirmation of failure, although 
this data highlights the need for more affordable and accessible viral load testing [51-53, 55].

The incidence rates of cART-associated TB in our large retrospective cohort study were com-
parable to those published from earlier work in high-endemic areas [5, 57-58]. As expected, 
incident TB during cART was a common occurrence in our study. Incidence rates were very 
high in the first three months, and decreased to a level which was still almost three times 
higher than in the general Ugandan population [59]. Mortality rates after cART initiation 
mirrored the TB incidence rates. Identified risk factors for developing TB after cART initia-
tion in our cohort were male sex and a low baseline CD4 count (which both have been 
previously described [5, 57-58, 60-61]) and highlight the importance of initiating cART at 
higher CD4 counts.

Our study had several limitations. Because of the retrospective design the data was often 
incomplete, although we validated our data with chart reviews. We excluded a large number 
of possible TB cases (n=72) that could not be verified by chart review which may have intro-
duced bias. Although our population was large, the presented data was collected at only one 
centre, possibly affecting the generalisability of our results. We are also aware of the possible 
under- and over-diagnosis of TB in our setting since mycobacterial culture is not routinely 
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used to confirm cases of smear-negative TB which are frequent in HIV-positive populations. 
We feel that our setting reflects the current practice in many clinics in sub-Saharan Africa, 
however. Finally, decreased adherence to cART during TB treatment due to high pill burden 
and toxicity could provide an alternative explanation for the lower CD4+ T cell count levels 
in patients with incident TB during cART [32]. This may have led to lower adherence 
levels and thus slower immune recovery. Insensitive measurements of adherence in our clinic 
(self-report and pill counts) in combination with infrequent HIV viral load testing made 
it difficult to exclude this possibility. Nonetheless, the majority of the TB patients who 
developed suboptimal immune reconstitution for whom a viral load was measured (6 out of 
8 patients) had an undetectable viral load.

In conclusion, in this large urban HIV clinic in Uganda, the incidence of TB was high in 
the first three months after cART initiation, especially in patients with low CD4 counts, and 
likely contributed to high early mortality. Furthermore, incident TB in the first 12 months 
of cART may have a long-lasting negative effect on immune recovery which, in turn, is 
associated with a higher risk of opportunistic infections, mortality and non-infectious com-
plications of AIDS. The biological importance of our finding of suboptimal CD4 recovery 
in patients with incident TB during cART in terms of virological failure is unknown, and 
warrants further prospective investigation. Finally, cART effectively decreases TB incidence 
in the long-term. Our findings highlight the importance of implementing strategies to initi-
ate cART earlier to decrease cART-associated active TB in sub-Saharan Africa.
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7136 started on cART

1154 with history of TB: 
excluded 

5982 started on cART without 
prior TB 

273 in 0-12 months

336 developed TB in first 24 months 
on cART

5646 remained TB free

2166 with CD4 at 2 yrs

63 in 12-24 months

118 with CD4 at 2 yrs 42 with CD4 at 2 yrs

Supplemental figure 1. Flowchart of patient selection selection for analysis.
Flow diagram of patient selection for analysis. Of all patients initiated on first-line cART, patients 
with a history of active TB were excluded from the analysis. The remaining patients were followed 
up for development of incident TB in the first two years after cART intiation. The patients who 
had not died, were not transferred to another clinic or were lost to follow-up, and had CD4 counts 
available at 24 months after cART initiation, were selected for comparison of HIV treatment 
outcomes (box).
Note. cART, combination antiretroviral treatment; TB, tuberculosis.

251 patients started TB drugs <2 
years after cART initiation in TB 

drug database

497 patients coded with new TB 
<2 years post-cART initiation in 

clinic database

MERGE
search for duplicates

35 TB cases only in 
TB drug database

216 TB cases in both 
databases

281 TB cases only in 
clinic database TB drug databasedatabasesclinic database

28 TB cases 209 TB cases 99 TB cases 

7 excludedc

336 TB cases for analysis

182 excludeda 7 excludedb

Supplemental figure 2. Flowchart of post-cART tuberculosis case selection for analysis.
The TB drug database was merged with the clinic database to identify post-cART TB cases. Cases 
coded as having developed TB after cART initiation in both databases were considered as definite 
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TB cases. The TB status of cases identified in only one of the two databases was ascertained by 
the validation team after review of charts, confirming TB diagnosis and starting date of cART 
and TB treatment. Unavailability of the chart for review led to exclusion from the analysis. TB in 
participants occurring after first-line cART initiation were considered as TB cases in the analysis, 
whether they were diagnosed in our clinic or elsewhere, and whether the diagnosis was based on 
bacteriological testing or clinical suspicion.
Excluded after chart review: ano diagnosis of TB (51), TB before cART initiation (64), TB drugs and 
cART initiated on the same date (2) and chart unavailable for review (65); bhistory of previous TB 
(7); cchart unavailable for review (7).
Note. cART, combination antiretroviral treatment; TB, tuberculosis.
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Supplemental figure 3. Mortality rates after cART initiation.
Mortality rates after cART initiation mirror those of the TB incidence with the highest rates in 
the first 3-6 months post-cART. Point estimates of mortality rates (cases/100pyar, [95% CI]): 0-3 
months: 10.05 (8.49-11.89), 3-6 months: 4.76 (3.68-6.15), 6-12 months: 2.89 (2.25-3.71) and 12-24 
months: 1.30 (1.05-1.61).
Note. cART, combination antiretroviral therapy; CI, confidence interval; pyar, person-years at risk; TB, 
tuberculosis.
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Supplemental table 1. Baseline characteristics of all patients started on first-line cART.

Category Subcategory All patients 

(n=7136 
[100%])

Previous 
tb cases 

(excluded) 
(n=1154 
[16.2%])

remaining 
patients 

(n=5982 
[100%])

tb cases 

(n=336 
[5.6%])

non-tb 
cases 

(n=5646 
[94.3%])

Sex 
(female, n[%])

4581 (64.2) 603 (52.3) 3978 (66.5) 185 (55.1) 3793 (67.2)

Age 
(years, mean [SD])

37 (8.6) 36.8 (7.8) 37.2 (8.7) 36.9 (8.7) 37.2 (8.7)

wHo stagea 
(n[%])

I&II 2250 (31.6) 40 (3.5) 2210 (37.1) 98 (29.2) 2112 (37.6)

III 2857 (40.2) 490 (42.5) 2367 (39.7) 145 (43.2) 2222 (39.5)

IV 2003 (28.2) 623 (54.0) 1380 (23.2) 93 (27.7) 1287 (22.9)

baseline Cd4 
counta 
(cells/mm3, me-
dian [IQR])

112
(39, 182)

73.5 
(22, 149)

117 
(42, 182)

86
(32, 154)

119 
(43, 183)

baseline Cd4 
counta 
(cells/mm3, n[%])

≥200 1186 (17.5) 107 (9.6) 988 (17.3) 36 (11.3) 952 (17.7)

50-199 3620 (53.3) 554 (49.5) 3140 (55.1) 172 (53.8) 2968 (55.2)

<50 1985 (29.2) 459 (41.0) 1572 (27.6) 112 (35.0) 1460 (27.1)

baseline Cd4 
percentagea 
(median [IQR])

7.0 
(3.1, 11.1)

6.0 
(2.7, 10.0)

7.0 
(3.3, 11.4)

6.0 
(3.0, 9.0)

7.0 
(3.4, 11.8)

cArt regimen 
(n [%])

d4T+3TC+NVP 3734 (52.3) 529 (45.8) 3205 (53.6) 215 (64.0) 2990 (53.0)

d4T+3TC+EFV 103 (1.4) 28 (2.4) 75 (1.3) 9 (2.7) 66 (1.2)

ZDV+3TC+NVP 377 (5.3) 26 (2.3) 351 (5.9) 11 (3.3) 340 (6.0)

ZDV+3TC+EFV 2703 (37.9) 544 (47.1) 2159 (36.1) 94 (28.0) 2065 (36.6)

Other 1st line b 219 (3.1) 27 (2.3) 192 (3.2) 7 (2.1) 185 (3.3)

a Data on WHO stage, CD4 count and CD4 percentage were not available for some patients; CD4 counts and 
percentages were closest recorded values to the baseline start date, maximum 6 months pre-cART.
b Other first line triple cART regimens.
Note. cART, combination antiretroviral therapy; d4T, stavudine; EFV, efavirenz; IQR, interquartile range; NVP, 
nevirapine; TB, tuberculosis; ZDV, zidovudine; 3TC, lamivudine.
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Supplemental table 2. HIV treatment outcome at 2 years of cART.

All patients 

(n=2376 
[100%])

tb cases 
0-12 months 

(n=123 
[5.1%])

tb cases 
12-24 months 

(n=44 
[1.9%])

non-tb cases 

(n=2209 
[93.0%])

Cd4 absolutea (cells/mm3, median [IQR]) 310 (216, 426) 269 (179, 363) 259 (147, 354) 312 (221, 431)

Cd4 changea,b (cells/mm3, median [IQR]) 205 (121, 304) 184 (107, 258) 112 (53, 236) 208 (123, 309)

Cd4 percentagea (median [IQR]) 17 (13, 22) 17 (12, 22) 16 (11, 23) 17  (13, 22)

Cd4 percentage changea,b (median 
[IQR])

11 (7, 14) 12 (7, 15) 10 (5, 16) 10 (7, 14)

Suboptimal immune responseb (<200 
cells/mm3, n[%])

1117 (48.0) 67 (56.8) 29 (67.4) 1021 (47.1)

Suboptimal immune response (not 
reaching threshold of 200 cells/mm3, 
n[%])

499 (21.0) 37 (30.1) 18 (40.9) 444 (20.1)

Immunological failurec (n [%]) 190 (8.0) 16 (13.0) 9 (20.5) 165 (7.5)

HIV treatment outcomes in TB cases were determined for all patients with 24 months of follow-up data 
available. Outcomes were compared between patients who developed TB in the first 12 months on cART, in 
months 12-24 on cART and the patients who had remained TB-free after 2 years on cART. To determine effects 
of TB on CD4 count, suboptimal immune response and immunological failure at 24 months, we restricted our 
analysis to patients who developed TB within 12 months after cART initiation and to those who remained TB 
free during the entire 24 months of follow-up to exclude patients on treatment for active TB at the time that 
CD4 T cell recovery was compared.
a Closest recorded values to 24 months after cART initiation (minimum 21 months and maximum 27 months).
b Data on CD4 count change and CD4 percentage change were not available for 49 and 291 patients, 
respectively. Suboptimal immune response according to the definition of increase <200 cells/ mm3 was not 
determinable in these patients.
c According to the World Health Organization criteria: decrease in CD4 count to pre-cART level or below, 
decrease in CD4 count from on-treatment peak value by more than 50% or persistent CD4 count <100 cells/
mm3.
Note. cART, combination antiretroviral treatment; IQR, interquartile range; TB, tuberculosis.
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AbStrACt

Objectives
We sought to investigate whether an unrecognised diagnosis of TB at the start of combina-
tion antiretroviral therapy (cART) influences subsequent CD4+ T cell (CD4) count recovery 
in an urban HIV clinic in Uganda.

Methods
In a nested case-control study, a multivariable polynomial mixed effects model was used to 
estimate CD4 recovery in the first 96 weeks of cART in two groups of patients: prevalent TB 
(started cART while on TB treatment), unrecognised TB (developed TB within 6 months 
after start cART).

Results
Included were 511 patients with a median baseline CD4 count of 57 cells/mm3 (inter-
quartile range: 22, 130), of which 368 (72.0%) had prevalent TB and 143 (28.0%) had 
unrecognised TB. Compared to prevalent TB, unrecognised TB was associated with lower 
CD4 count recovery at 96 weeks: -22.3 cells/mm3 (95% confidence interval: -43.2 to -1.5, 
P=0.036). These estimates were adjusted for gender, age, baseline CD4 count and the use of 
a ZDV-based regimen.

Conclusions
Unrecognised TB at the time of cART initiation resulted in impaired CD4 recovery com-
pared with TB treated before cART initiation. More vigilant screening with more sensitive 
and rapid TB diagnostics prior to cART initiation is needed to decrease the risk of cART-
associated TB and suboptimal immune reconstitution.
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IntroduCtIon

Tuberculosis (TB) is a major cause of morbidity and mortality in HIV-infected patients [1], 
in particular in sub-Saharan Africa, which accounts for 82% of the burden of co-infected 
patients [2]. Triple combination antiretroviral therapy (cART) reduces the incidence of HIV-
associated TB by 67%, but TB rates never attain those of the non-HIV-infected population 
[3-4].

Early after cART initiation reactivation of TB-specific immune responses causes an increase 
in TB incidence, a phenomenon called “unmasking” of TB [5-6]. This high incidence of TB 
early after the start of cART contributes to the early mortality among cART initiators in 
resource-limited settings [7-8]. The majority of these cases have subclinical TB at the start 
of cART, undiagnosed due to lack of sensitive diagnostics in resource-limited settings. In 
sub-Saharan Africa, estimates of subclinical tuberculosis in cART-naïve patients range from 
19% in patients about to start cART to 29% in ambulatory patients with high CD4+ T cell 
(CD4) counts [9-10]. It is clear there is an urgent need for rapid, affordable and sensitive 
diagnostics to improve TB screening before cART initiation.

Active TB disease is known to decrease CD4 counts, which usually normalise within a 
month of starting treatment in HIV-negative patients [11].  In HIV-infected, cART-naïve 
TB patients, treatment of TB also leads to CD4 count increases; this effect, however, was not 
seen in patients with TB at higher CD4 counts [12-14]. It is unknown whether the timing of 
TB treatment as a result of correct or missed diagnosis impacts CD4 recovery on cART, and 
whether it could be associated with differences in HIV treatment outcomes.

In this analysis, we sought to investigate whether an unrecognised diagnosis of TB at the 
start of cART influences subsequent CD4 recovery.

MetHodS

Setting
The Infectious Diseases Institute (IDI) at the Makerere University College of Health Sci-
ences in Kampala, Uganda, houses the Adult Infectious Diseases Clinic (AIDC). Since its 
inception in 2002, this large urban HIV clinic has provided free outpatient care to over 
25,000 registered patients. By mid 2011, more than 10,000 patients were in active follow-
up, over 3,500 of whom had been initiated on cART. Treatment, including cART, followed 
the national guidelines of the Ugandan Ministry of Health, and has been described in detail 
previously [15]. In brief, all patients received daily co-trimoxazole prophylaxis irrespective 
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of their CD4 count, and cART was initiated in patients with WHO stage IV disease or a 
CD4 count <250 cells/mm3. Screening for TB took place prior to cART initiation. Available 
investigations for TB included sputum microscopy using the Ziehl-Neelsen stain, chest ra-
diology, abdominal ultrasonography, and fine-needle aspiration of lymph nodes for acid fast 
bacilli microscopy and cytology. No routine mycobacterial culture facilities were available. 
Diagnosis of TB was made on the basis of these investigations, but very often on the pre-
sentation of symptoms only. Patients diagnosed with active TB were treated with a standard 
8-month regimen comprising an 8-week, 4-drug (isoniazid, rifampicin, ethambutol and 
pyrazinamide) intensive phase and a subsequent 6-month, 2-drug (isoniazid, ethambutol) 
continuation phase. Isoniazid preventive therapy was not prescribed.

CD4 counts were performed every 6 months from the date of registration in the clinic 
by FACS calibur (Becton Dickinson, Franklin Lakes, NJ, USA) in the College of American 
Pathologists-accredited Makerere University-Johns Hopkins University core laboratory. Vi-
ral load monitoring was only available for patients suspected of virological failure on clinical 
and immunological grounds.

Data collection
Scheduled clinic appointments took place every 4 weeks and data on clinical parameters, 
cART, adherence, WHO stage, toxicities and opportunistic infections were routinely col-
lected into a database. Laboratory data were directly downloaded electronically. The phar-
macy database on TB drug prescriptions was used to validate the TB diagnosis of all patients 
in this database, as described previously [15]. The TB status of cases identified in only one of 
the two databases was ascertained by chart review, confirming a TB diagnosis by a clinician 
and the starting date of cART and TB treatment. Unavailable charts were excluded from 
the analysis, as well as patients treated for TB whose chart was available but for whom a 
date of TB diagnosis could not be ascertained. A team of trained nurses and medical officers 
performed data verification by using the patient’s medical notes and by auditing the database 
as part of regular clinic monitoring and evaluation.

Ethical approval
The collection and use of this clinical data was approved by the Institutional Review Boards 
of IDI, Makerere University College of Health Sciences, and the Uganda National Council 
for Science and Technology. De-identified data for our study were extracted from this data-
base and analysed.

Study design, selection criteria and study outcome
In this nested case-control study, we identified two mutually exclusive groups of patients: 
those with a TB diagnosis at start of cART (within 8 months prior to cART initiation, from 
now on referred to as prevalent cases), and those with a missed TB diagnosis at start of cART 
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(referred to as unrecognised cases). A TB diagnosis was assumed unrecognised at screening if 
it occurred within 6 months after start of cART. All patients initiated on first-line cART at 
IDI from January 2003 to January 2009 with at least 96 weeks of follow-up after cART ini-
tiation were eligible for inclusion. Patients who had initiated cART elsewhere were excluded, 
as were patients initiated on second-line cART. The primary study outcome was defined as 
the CD4 change between the start of cART and 96 weeks of cART use.

Statistical methods
The baseline CD4 counts were defined as those that were recorded closest to the cART start-
ing date, with a maximum of 6 months pre- and 15 days post-cART initiation. Follow-up 
CD4 measurements were grouped per 4 weeks after cART initiation. In the case of multiple 
CD4 counts per grouped 4 weeks, the count closest to the date defining the number of 
weeks after cART initiation was used. For each group, we ascertained and plotted CD4 
change in the first 96 weeks of cART; this change being defined as the difference between 
the baseline CD4 count and each follow-up CD4 measurement. We fitted a multivariable 
mixed effects model with random slopes and random intercepts to incorporate repeated 
measurements of CD4 count. The covariance structure was kept independent. The model 
included fractional polynomial functions of time to account for non-linearity of the data. 
Visual inspection of plots of the crude and the modelled data determined the model fit and 
the number of polynomial variables included. From the final model, we estimated CD4 
changes over time. Covariates included baseline CD4 count (per 50 cells/mm3 increase), sex, 
age (per increment of 10 years), zidovudine (ZDV) use, and protease inhibitor (PI) use. All 
were explored using univariable regression analysis and were retained in the multivariable 
model based on forward selection; hypothesised risk factors were included and confounders 
were retained based on a univariable P<0.2. All statistical tests were two-sided at an α-value 
of 0.05 and were conducted using STATA version SE 11.1 (StataCorp, College Station, 
Texas, USA).

reSultS

Patient characteristics
A total of 7139 HIV-infected adults were initiated on cART. Of those, 3549 (50%) com-
pleted 2 years of follow-up; 963 (14%) were lost to follow-up, 429 (6%) died and 731 
(10%) were transferred out. The remaining 1467 (20%) had not completed two years on 
cART at the time of censoring of our data, but were still in active follow-up. Of the 3549 
patients who had a minimum of 96 weeks of follow-up after cART initiation, 511 were 
diagnosed with TB between 8 months pre- and 6 months post-cART initiation and were 
included in our analysis. The majority of the patients were women (53%) with a mean age 
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of 36.9 years (standard deviation [SD]: 8.0) and a median baseline CD4 count of 57 cells/
mm3 (interquartile range [IQR]: 22, 130). Data on baseline CD4 counts were not available 
for 9 patients (1.8%). However, these patients still contributed information, as the mixed 
effects model estimated the missing values from the available data. Three hundred and sixty 
eight (72%) patients started cART during TB treatment and 143 (28%) developed TB in 
the first 6 months of cART. The median time between TB treatment initiation and cART 
initiation was 96 days (IQR: 150, 68) for the prevalent TB cases, and 50 days between 
cART initiation and TB diagnosis (IQR: 21, 99) for the unrecognised TB cases. Eighty-one 
percent (n=298) of prevalent TB cases were on continuation phase of TB treatment and 
19% (n=70) on intensive phase at the time of cART initiation. The patient characteristics 
at cART initiation are shown in Table 1. Because of their TB diagnosis, prevalent TB cases 
were categorised as WHO stage III or IV more often than unrecognised cases. Because of 
the interaction between nevirapine (NVP) and rifampicin, more prevalent TB cases were 
initiated on efavirenz (EFV) than unrecognised cases.

table 1. Patient characteristics at cART initiation.

Category Subcategory Prevalent TB cases
(N=368 [72.0%])

Unrecognized TB cases 
(N=143 [28.0%])

Sex (female, n [%]) 195 (53) 75 (53)

Age (years, mean [SD]) 37 (7.6) 37 (8.8)

WHO stagea (n [%]) I&II 8 (2) 43 (32)

III 127 (37) 53 (40)

IV 209 (61) 38 (28)

Baseline CD4 counta (cells/
mm3, median [IQR])

51 (22, 131) 67 (25, 124)

Baseline CD4 counta (cells/
mm3, n [%])

≥200 20 (6) 11 (8)

50-199 168 (46) 70 (50)

<50 175 (48) 58 (42)

cART regimen (n [%]) d4T+3TC+NVP 215 (58) 102 (71)

ZDV+3TC+EFV 145 (39) 36 (25)

Other 1st line b 8 (3) 5 (4)

a Data on baseline CD4 count were not available for 9 patients (5 with prevalent TB and 4 with incident TB); 
CD4 counts were closest recorded values to the baseline start date, maximum 6 months pre and 15 days post 
cART initiation. Data on WHO stage were not available for 33 patients.
b Other first line triple cART regimens.
Note. cART, combination antiretroviral therapy; d4T, stavudine; EFV, efavirenz; IQR, interquartile range; NVP, 
nevirapine; SD, standard deviation; ZDV, zidovudine; TB, tuberculosis; 3TC, lamivudine.
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CD4 recovery after cART
The best model fit of the mean change of CD4 count from start to 96 weeks of cART was 
achieved with a model containing 5 polynomial levels of the time variable (Figure 1). In this 
model, CD4 counts were estimated to increase by 18.0 cells/mm3 (95% confidence interval 
[CI]: 6.3 to 29.7, P=0.003) every 4 weeks (Table 2). Unrecognised TB was associated with 
less CD4 recovery during the period of follow-up compared to prevalent TB (-22.3 cells/
mm3 [95% CI: -43.2 to -1.5], P=0.036), as was male sex (-32.1 cells/mm3 [95% CI: -50.6 to 
-13.6], P=0.001). Baseline CD4 count, older age and ZDV use were not significantly associ-
ated with lower CD4 change. No patients were switched to a PI-based regimen during the 
96 weeks of follow-up. A sensitivity analysis including suspected TB cases whose charts were 
unavailable for review and therefore excluded from the primary analysis (32 with prevalent 
TB, 18 with unrecognised TB) did not significantly change any of the estimates (results not 
shown). The fitted CD4 change trajectories by TB group are shown in Figure 2.

dISCuSSIon

In our study among cART initiators in Uganda, patients with unrecognised TB at the time of 
cART initiation had a significantly lower CD4 recovery during 96 weeks of cART compared 
to patients who were being treated for TB at cART initiation. Risk factors for suboptimal 
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figure 1. Model fit by TB group.
Mean CD4 counts over time in both groups: actual (solid line) and fitted (dashed line) CD4 counts 
calculated from the final multivariable mixed effects model using 5 polynomial levels to evaluate 
the fit of the model.
Note. cART, combination antiretroviral therapy; TB, tuberculosis.
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immune recovery and TB seem to be overlapping: low CD4 nadir, low body mass index and 
male sex [16-17]. Even though the potential for TB to diminish CD4 recovery has been 
discussed widely, published data are conflicting. We and others have previously reported the 
association of cART-associated TB with lower CD4 recovery [4, 15]. TB diagnosed before 
cART initiation was associated with impaired immune reconstitution in South Africa [18], 
but not in Asia [19-21]. When analysing patients with prevalent and cART-associated TB 
together, a South African cohort reported no difference in immunologic outcomes [22], 
whereas an Italian cohort did [23].

table 2. Multivariable mixed effects model of CD4 change in the first 96 weeks of cART.

Subcategory CD4 count increase (95% CI) P-value

TB status Unrecognised TB* -22.33 (-43.19 to -1.46) 0.036

Time (per increment of 4 weeks) 17.98 (6.27 to 29.69) 0.003

Baseline CD4 count (cells/mm3,
per 50 cells’ increase)

-2.79 (-9.51 to 3.92) 0.415

Sex Male* -32.07 (-50.55 to -13.58) 0.001

Age (years, per increment of 10 years) -0.37 (-1.57 to 0.82) 0.537

Regimen ZDV-based* -6.44 (-21.09 to 8.20) 0.388

*compared to prevalent TB, female sex and non-ZDV-based regimens, respectively.
Note. cART, combination antiretroviral treatment; CI, confidence interval; PI, protease inhibitor; ZDV, 
zidovudine; TB, tuberculosis.
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figure 2. Trajectories of estimated mean CD4 counts in the first two years of cART by TB status.
Trajectories of the predicted mean CD4 counts in the first 96 weeks of cART in the two groups 
included in the analysis.
Note. cART, combination antiretroviral treatment; TB, tuberculosis.
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Impaired immune recovery on cART despite a suppressed viral load has been associated with 
higher levels of T cell activation leading to apoptosis [24-26]. It is intriguing to consider the 
role of inflammatory programmed cell death, pyroptosis, which can be triggered by bacterial 
infections [27-28]. There are some reports that immune reconstitution on cART might more 
often be impaired in resource-limited settings [29-30]. Higher levels of T cell activation in 
Africans have been attributed to frequent infections by various endemic pathogens, includ-
ing Mycobacterium tuberculosis, and might limit the capacity for CD4 recovery [31-32].

Explanations for impaired immune reconstitution due to cART-associated TB also include 
higher rates of virological failure or poor adherence to cART. Viral loads could be higher in 
patients with TB because of their associated lower CD4 count or because of the effect of 
active TB disease on HIV replication [33]. Our data did not allow analysis of viral suppres-
sion rates, but an Italian cohort found a longer time to achieve viral suppression on cART in 
patients who had TB within 6 months before or after cART initiation [23].

It is unclear whether the conflicting evidence on the effect of active TB on CD4 recovery 
is attributable to a differing categorisation of patients (by timing of TB diagnosis before or 
after cART initiation), or to new infections rather than unrecognised TB disease. Further 
research is needed to elucidate this, preferably in a large collection of cART cohorts with 
routine viral load monitoring in a high TB prevalent setting.

Our results imply that CD4 recovery over the ensuing 2 years is compromised if TB is not 
recognised before cART initiation. Our findings underscore the importance of TB screening 
and diagnosis in HIV-infected patients. The lack of affordable and adequately sensitive diag-
nostic tools for TB leads to potential under-diagnosis, especially in an HIV-infected popula-
tion in which TB is often smear-negative [9-10]. Intensive pre-cART TB screening strategies 
have been shown to reduce incident TB [34]. We hypothesise that the immunological insult 
from active TB might be more profound after cART, resulting in a long-lasting impairment 
of CD4 recovery capacity. From the curve in Figure 2 it seems that this effect occurs early, 
during the initial phase of active TB. Initiating TB treatment before cART initiation might 
lead to a rapid decrease in T cell activation (and therefore T cell apoptosis) due to lowering 
of mycobacterial load prior to immune reconstitution. The duration of the effect on CD4 
recovery is unclear, it could represent a temporary delay in immune recovery followed by 
the same recovery rate as non-TB patients as suggested by the similarity in slope in figure 2.

The clinical relevance of the decreased CD4 recovery in patients with cART-associated TB is 
unclear. Patients with unrecognised TB after cART may remain longer at lower CD4 counts 
compared to patients who remain TB-free or who initiated TB treatment before cART ini-
tiation. This may put them at higher risk for other opportunistic infections and death [35].
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Our study had several limitations. The case-control study design limited us to analysis of a 
survivor’s population, possibly leading to a biased estimation of CD4 recovery. Patients not 
included due to loss to follow-up or death may have had lower CD4 recovery. Therefore, 
this analysis represents a conservative estimate of the association of unrecognised TB and 
impaired immune reconstitution in our clinic.

Our analysis was based on the assumption that all TB cases diagnosed within 6 months 
after cART initiation were unrecognised prevalent TB cases at baseline. Others have also 
suggested that the higher incidence of TB early after the start of cART is due to unmasking 
of subclinical, unrecognised TB at cART initiation, especially in patients with CD4 counts 
<200 cells/mm3 [36]. However, it is possible that some of these cases may have been true 
incident TB cases, rather than missed cases at baseline. Furthermore, this analysis was based 
on routinely collected data with known issues of missing data and outcome ascertainment. 
However, the mixed effects model used was capable of incorporating information from 
patients with missing data on outcome and covariates. The data presented were collected at 
only one clinic, potentially affecting the generalisability of our results.

Because of data collection limitations, we were not able to assess the proportion of TB-
immune reconstitution inflammatory syndrome (IRIS) in our patient population. However, 
we believe that this would only be a minority of the cases presented, and that almost none of 
these would have been prescribed corticosteroids. Finally, we were not able to exclude higher 
rates of poor adherence or virological failure as an alternative explanation for slower immune 
recovery. Insensitive measurements of adherence in our clinic (self-report, pill counts) and 
infrequent viral load testing made it difficult to exclude this possibility. However, marked 
non-adherence to cART or virological failure would have severely impacted survival, making 
it unlikely that these patients could have been included in this survivors’ population.

In conclusion, unrecognised, untreated TB at the time of cART initiation resulted in im-
paired CD4 recovery over 96 weeks compared with TB treated before cART initiation. As 
CD4 levels remain suppressed longer (<200 cells/mm3), the risk for other opportunistic 
infections may be increased, although prospective study is needed. In addition to sustained 
efforts to initiate cART at a higher CD4 count, more vigilant screening with more sensitive 
and rapid TB diagnostics prior to cART initiation is needed in order to decrease the risk of 
cART-associated TB and suboptimal immune reconstitution.
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AbStrACt

Background
The World Health Organization (WHO) recommends that treatment of TB in HIV-infected 
patients should be integrated with HIV care. In December 2008, a separate, outdoor inte-
grated TB-HIV clinic was instituted for attendees of a large urban HIV clinic in Uganda. We 
sought to evaluate associated TB and HIV treatment outcomes.

Methods
Routinely collected clinical, pharmacy and laboratory data was merged with TB clinic data 
of patients initiating TB treatment in 2009 and with TB register data of patients initiating 
treatment in 2007. TB treatment outcomes and (timing of ) combination antiretroviral 
therapy (cART) initiation in cART-naïve patients (overall and stratified by CD4+ T cell 
[CD4] count) in 2007 and 2009 were compared. Nosocomial transmission rates could not 
be assessed.

Results
346 patients were initiated on TB treatment in 2007, 366 in 2009. Median CD4 counts 
at TB diagnosis did not differ. TB treatment cure or completion increased from 62% to 
68%, and death or default decreased from 33% to 25% (P<0.001). Fewer cART naïve TB 
patients were initiated on cART in 2009 than in 2007 (57% and 66%, P=0.031), but this 
decrease was only in patients with CD4 counts >250/mm3 (19% versus 48%, P=0.003). 
More patients were started on cART during TB treatment (94% versus 78%, P<0.001). 
Moreover, the majority were initiated during intensive phase (60% versus 23%, P<0.001).

Conclusions
Integration of TB and HIV care has led to improved TB treatment outcomes and earlier, 
prioritised cART initiation. These findings support roll-out of a fully integrated TB-HIV 
service delivery model throughout high-prevalence TB and HIV settings.
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IntroduCtIon

Tuberculosis (TB) is the leading cause of death in HIV-infected patients and HIV-infection 
is the most important risk factor for developing active TB [1-2]. The dual epidemic of TB 
and HIV is cause for great concern, especially in sub-Saharan Africa where 80% of the 
burden of co-infection resides and where health systems are already weak and overstretched 
[1, 3].

To decrease the joint burden of HIV and TB disease, the World Health Organization 
(WHO) formulated a strategic framework for collaborative TB-HIV activities [4]. These 
activities focus on reducing the burden of TB among HIV-infected patients by the “3Is”: 
intensified case finding, isoniazid preventative therapy and infection control. Decreasing the 
burden of HIV in TB patients is to be done by providing HIV counselling and testing, the 
use of co-trimoxazole and by introducing triple combination antiretroviral therapy (cART). 
Based on evidence from several randomised controlled trials showing reduced mortality 
[5-8], recent guidelines state that co-infected patients should be initiated on cART as soon 
as possible after TB treatment initiation [9]. These trials showed that the greatest benefit of 
early cART initiation was realised in patients with CD4+ T cell (CD4) counts <50 cells/
mm3. In order to implement these collaborative activities fully, integration of health systems 
for HIV and TB service delivery should be in place, although there is a lack of consensus on 
how to implement this integration [10].

Uganda is among the 22 WHO TB high-burden countries and has an HIV prevalence of 
6.4% [3, 11]. The proportion of TB patients tested for HIV rose from 30% in 2005 to 71% 
in 2009, and in 2009, HIV-positivity of those tested was 54%. National policy guidelines 
for collaborative TB-HIV activities were formulated in 2006, but have been slow to be 
implemented [12].

In December 2008, a separate, outdoor integrated “One-Stop Shop” [13] TB-HIV clinic 
was instituted for attendees of the HIV clinic at the Infectious Diseases Institute, in order to 
improve the TB treatment completion rate, to standardise diagnosis and care in co-infected 
patients and to reduce nosocomial transmission of TB. The objective of this study was to 
investigate whether integrating HIV and TB care results in improved patient management, 
measured by improved TB treatment outcomes (survival and treatment completion) and by 
prompt cART initiation in eligible patients according to the Ugandan Ministry of Health 
Guidelines. We evaluated these outcomes before and after the implementation of the inte-
grated clinic, by comparing the years 2007 and 2009.
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MetHodS

Setting
The Infectious Diseases Institute (IDI) at the Makerere University College of Health Sciences 
in Kampala, Uganda, is a large urban HIV clinic, which has registered more than 26,000 
patients since 2002, and provides free outpatient care to more than 10,000 HIV-infected 
patients. In general, patients on cART are seen every 4 weeks and CD4 counts are per-
formed every 6 months. At the time of this evaluation and in accordance with the national 
guidelines of the Ugandan Ministry of Health, all patients received daily co-trimoxazole 
prophylaxis irrespective of their CD4 count, and cART was initiated in patients with WHO 
stage IV disease or a CD4 count <250 cells/mm3 [14]. For HIV-infected patients with active 
tuberculosis, the CD4 threshold for cART initiation was 350 cells/mm3. In TB patients 
with CD4 counts <200 cells/mm3, cART was to be initiated during the intensive phase of 
TB treatment.

Available investigations for TB included sputum microscopy, chest radiology, abdominal 
ultrasonography, and fine-needle aspiration of lymph nodes for acid fast bacilli microscopy. 
No routine mycobacterial culture facilities were available. Diagnosis was made on the basis 
of these investigations, but very often on clinical judgment alone.

Treatment for TB is offered at the IDI. Drugs are provided by the National TB and Lep-
rosy Program (NTLP) and treatment follows their guidelines which were consistent over 
the study periods: for new cases, treatment consisted of a 2-month intensive phase with 
a combination of rifampicin, isoniazid, ethambutol and pyrazinamide (RHZE), followed 
by a 6-month continuation phase with isoniazid and ethambutol [15]. Retreatment cases 
were treated with the category II regimen in which streptomycin is added to the 2-month 
intensive phase, followed by a month of RHZE, and a 5-month continuation phase of a 
combination of rifampicin, isoniazid, and ethambutol. Follow-up of treatment was done 
according to NTLP standards with repeat sputum smears at the end of the intensive phase, 
at 5 months and at the end of treatment to determine treatment outcome in pulmonary TB 
patients. Isoniazid preventative therapy was not being prescribed.

Organisation of TB care before integration
Until 2008, TB screening and diagnosis was not done systematically and was performed at 
the discretion of medical officers during routine HIV follow-up visits. After diagnosis of 
active TB, treatment and follow-up according to the NTLP guidelines was provided by a 
TB nurse who was based in the pharmacy area, while HIV care remained the responsibility 
of the medical officers.  Directly Observed Therapy (DOT) or tracing of patients lost to 
follow-up was not done.
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Creation of integrated TB-HIV programme
In August 2008 a group of health care workers formed a TB working group. Its goals were 
to improve diagnosis and care for co-infected patients at the IDI, and to improve infec-
tion control for both patients and clinic staff. This group laid the groundwork for a more 
integrated TB-HIV service and created evidence-based standard operating procedures for 
diagnosis and management of TB in HIV-infected patients, a set of “self-learning” TB-HIV 
clinic management forms (see below) and a database for monitoring and evaluation of the 
integrated service.

In December 2008, an integrated TB-HIV clinic was set up on the IDI grounds. To 
optimise infection control, the clinic was separated and moved to an outdoor area to take 
advantage of natural ventilation and UV light. In this clinic, TB suspects and patients 
diagnosed with TB accessed care for both diseases simultaneously, by the same staff. Care 
was provided by a trained team of 2 medical officers, 2 nurses and a nurse-counsellor, who 
were trained and supervised by a senior medical officer and assisted in logistic and health 
education tasks by a peer supporter. The TB-HIV clinic team members were permanent with 
the exception of one medical officer, belonging to a rotating pool of medical officers in the 
general HIV clinic as a capacity building initiative. Logistical and improvement issues as well 
as difficult cases were discussed at weekly team meetings.

General HIV clinic personnel were trained to recognise common TB symptoms and to 
direct patients suspected to have TB to the integrated clinic for assessment. Standardised TB 
diagnosis, treatment initiation and follow-up were reinforced by the use of “self-learning” 
TB-HIV clinic management forms. This set of six forms guides clinicians in the appropriate 
management of the co-infection and includes all TB programme definitions and algorithms 
for switching or initiation of cART in patients with active TB (see Supplemental Figures 1 
and 2, for examples of the TB-HIV clinic diagnosis form and treatment initiation checklist). 
These forms, together with all clinical information on TB, were kept in the “master” HIV 
clinic patient file. In 2009, tracing of patients lost to follow-up was done by phone tracing 
by the TB clinic nurse-counsellor on an approximately two-weekly basis. DOT was not 
practiced. After completion of TB treatment or after exclusion of active TB, the patient was 
referred back to the general HIV clinic. See Figure 1 for a schematic of the integration of 
care in both models.

Data collection
Scheduled clinic appointments took place every 4 weeks and data on clinical parameters, 
cART and adherence, WHO stage, toxicities and opportunistic infections were routinely 
collected into a database. Laboratory data were added electronically. A team of trained nurses 
and medical officers performed data verification with the patient’s medical notes and audit-
ing of this database as part of regular clinic monitoring and evaluation.
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TB treatment specific data was collected in the NTLP registers. This included data on 
demographics, investigations performed, type of TB diagnosed, date and category of TB 
treatment initiated, HIV status, medication used (co-trimoxazole or cART), follow-up visits 
and investigations, adherence and treatment outcome.

The NTLP register data for 2007 was entered into a separate database. Data generated 
by the TB-HIV clinic forms were entered into a TB-HIV clinic database, which included 
information on demographics, TB symptoms, in addition to the data captured in the NTLP 
register. For the sake of this analysis, the TB-HIV clinic database for patients initiating TB 
treatment in 2009 and the NTLP register data for patients initiating TB treatment in 2007 
were appended and merged with the routinely collected clinical, pharmacy and laboratory 
data. A review of the TB registers and records of all patients treated for TB in 2007 and 2009 
was carried out to validate the information in both datasets.

Ethical approval
The collection and use of this clinical data has been approved by the Institutional Review 
Boards of the IDI, the Makerere University College of Health Sciences and the Uganda 
National Council for Science and Technology. De-identified data for our study was extracted 
from these databases and analysed.

Study design, selection criteria, outcomes and definitions
A retrospective cohort study design was used. All patients initiating TB treatment at the 
IDI in 2007 and 2009 were selected for comparison. The primary study outcome was TB 
treatment outcome according to the WHO definitions: cure, completion, death, default, 
transfer-out and failure [16]. Secondary study outcomes were the proportion, timing and 
outcomes of cART initiation in cART-naïve TB patients (overall and stratified by CD4 
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figure 1. Schematic of integration of care in both models (2007 and 2009).
Note. TB, tuberculosis.



105

TB-HIV integration improves outcomes

count at TB diagnosis). CD4 counts at TB diagnosis were the closest recorded values to the 
date of TB diagnosis, with a maximum of 90 days before and 90 days after TB treatment 
initiation.As mortality ascertainment was unreliable in 2007, a combined definition of death 
or loss to follow-up was used for outcomes after cART initiation. In 2009, this was improved 
secondary to a file inactivation and loss to follow-up ascertainment exercise.

Statistical methods
Proportions and medians of outcomes in 2007 (before implementation of the clinic) and 
2009 (after the implementation of the clinic) were compared using Chi-squared and two-
sample Wilcoxon rank-sum tests, respectively. Time to cART initiation was analysed using 
survival analysis: Kaplan-Meier curves were generated and compared using the log-rank test. 
All statistical tests were two-sided at an α value of 0.05 and were conducted using STATA 
version SE 11.1 (College Station, Texas, USA).

reSultS

A total of 346 patients were initiated on TB treatment at the IDI in 2007 and 366 in 2009. 
Baseline characteristics are summarised in Table 1. In 2009, more patients were diagnosed 
with extrapulmonary TB; more patients were on cART at TB diagnosis in 2009 and their 
median time between cART initiation and TB diagnosis was longer.

TB treatment outcomes
Overall, patients who completed treatment increased from 62% in 2007 to 68% in 2009, 
and patients who died or defaulted decreased from 33% to 25% (Table 2). Although the 
proportion of deaths increased, the proportion of patients defaulting TB treatment de-
creased. Of those, a high proportion defaulted during the intensive phase (59% in 2007 
and 47% in 2009) (see Supplemental Figure 3, which illustrates the timing of default of TB 
treatment in 2007 and in 2009). In 2007, defaulters were more likely to reside outside of the 
Kampala district compared to non-defaulters (49% versus 33%, P=0.04). In both years we 
observed an increasing numbers of patients defaulting TB treatment during the rainy season 
(November).

cART initiation in TB patients and associated outcomes
Fewer cART naïve TB patients were initiated on cART in 2009 versus 2007 (Table 2), but 
this decrease was only in patients with higher CD4 counts (as a result of limited total cART 
“slots”). Of the patients initiated on cART, more were started during TB treatment than 
after completion (94% in 2009 versus 78% in 2007, P<0.001). Moreover, the majority was 
started on cART during the intensive phase of TB treatment with the median time to cART 
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table 1. Baseline characteristics.

Category 2007 (N=346) 2009 (N=366) P-value

Sex (female, %) 174 (50.3) 191 (52.2) 0.613

Age (years, mean [SD]) 37.0 (8.7) 36.8 (8.5) 0.804

Type of TB (n [%])a

 Smear positive
 Smear negative
 Extrapulmonary

121 (35.0)
101 (29.2)
114 (33.0)

124 (33.9)
80 (21.8)
162 (44.3)

<0.001

cART at TB diagnosis (n [%])
 cART naïve
 On cART

243 (70.2)
103 (29.8)

229 (62.6)
137 (37.4)

0.031

Median time between cART initiation and TB diagnosis (days 
[IQR])

229 (76, 552) 394 (105, 1138) 0.006

CD4 counts at TB diagnosis (cells/mm3, median [IQR])b

 All
 cART naïve
 On cART

132 (54, 231)
130 (49, 228)
136 (61, 239)

147 (43, 311)
126 (38, 289)
196 (73, 334)

0.146
0.587
0.084

CD4 counts at TB diagnosis (cells/mm3, n [%])b

 <100
 100-249
 ≥250

97 (28.0)
91 (26.3)
55 (15.9)

104 (28.4)
76 (20.8)
84 (22.4)

0.095

CD4 counts at TB diagnosis 
(cART-naïve patients, cells/mm3, n [%])b

 <100
 100-249
 ≥250

75 (30.9)
67 (27.6)
40 (16.5)

79 (34.5)
51 (22.3)
53 (23.1)

0.123

a Data on type of TB was not available for 10 patients in 2007.
b Data on CD4 count at TB diagnosis was not available for 207 patients: 103 in 2007 (61 cART naïve and 42 on 
cART) and 104 in 2009 (46 cART naïve and 58 on cART); CD4 counts were closest recorded values to the date of 
TB diagnosis, with a maximum of 90 days pre and 90 days post TB treatment initiation.
Note. cART, combination antiretroviral therapy; IQR, interquartile range; SD, standard deviation; TB, 
tuberculosis;.
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table 2. Overall treatment outcomes and cART initiation in 2007 and 2009.

All patients 2007 (N=346) 2009 (N=366) P-value

TB treatment outcome (n [%])
 Completed/Cured
 Dead
 Default
 Failure
 Transfer-out
 Other

215 (62.0)
10 (2.9)
104 (30.0)
0 (0.0)
14 (4.0)
4 (1.1)

251 (68.2)
56 (15.2)
35 (9.5)
2 (0.5)
15 (4.1)
9 (2.5)

<0.001

cART naïve patients 2007 (n=243) 2009 (n=228) P-value

cART initiation (n [%])
 No
 Yes

82 (33.7)
161 (66.3)

99 (43.2)
130 (56.8)

0.034

cART initiation by CD4 category (n [%])a

 <100
 100-249
 ≥250

55 (73.3)
53 (79.1)
19 (47.5)

65 (82.3)
34 (66.7)
10 (18.9)

0.181
0.128
0.003

Timing of cART initiation (n [%])
 Intensive phase
 Continuation phase
 After completion

37 (23.0)
88 (54.7)
36 (22.3)

78 (60.0)
44 (33.9)
8 (6.1)

<0.001

Time to cART initiation by CD4 category (median [IQR])
 <100
 100-249
 ≥250

67 (42, 103)
105 (73, 201)
320 (178, 647)

28 (14, 45)
91 (56, 178)
187 (21, 238)

<0.001
0.186
0.010

Outcomes in patients not started on cART (n [%])
 Completed/Cured
 Death or lost
 Other b

24 (29.3)
52 (63.4)
6 (7.3)

46 (46.5)
41 (41.4)
12 (12.1)

0.013

Outcomes in patients started on cART (n [%])
 Completed/Cured
 Death or lost
 Other b

124 (77.0)
30 (18.6)
7 (4.4)

104 (80.0)
20 (15.4)
6 (4.6)

0.765

a Proportions of patients started on cART in that CD4 count category (proportions not started are not shown);  
data on CD4 count of 54 cART initiators was not available (34 in 2007 and 21 in 2009); t-tests were performed 
per CD4 count category.
b Transfer-out, failure and other (doctor’s decision to stop TB treatment).
Note. cART, combination antiretroviral therapy; IQR, interquartile range; SD, standard deviation; TB, 
tuberculosis;.
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initiation decreasing from 103 to 45 days. The earlier cART initiation was specifically in the 
group of patients with CD4 counts <100 cells/mm3 (Figure 2).

There was no difference in survival and retention of cART-naïve patients who were initiated 
on cART (Table 2). Interestingly, among those not initiated on cART, fewer patients died 
or became lost to follow-up, which was mainly due to the improvement in outcomes in the 
intermediate CD4 count group (see Figure 3).
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figure 2. Kaplan Meier survival curve of time to cART initiation stratified by CD4 count at TB 
diagnosis and by year of TB diagnosis. Log-rank tests of equality of survivor-functions were 
P<0.001, P=0.207 and P=0.121 for the lowest to the highest CD4 group, respectively.
Note. cART, combination antiretroviral therapy; TB, tuberculosis.
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figure 3. TB treatment outcomes of cART naïve patients, stratified by cART initiation and by CD4 
count at TB diagnosis). Numbers included (from left to right): 17/19 and 8/10; 38/53 and 29/34; 
17/19 and 8/10. For the no cART group: 1/20 and 0/14; 3/14 and 10/17; 11/21 and 23/43.
Note. cART, combination antiretroviral therapy; TB, tuberculosis.
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dISCuSSIon

Complete integration of TB and HIV care in our urban HIV clinic contributed to an 
increase in the proportion of patients who completed TB treatment alive and to a decrease 
in TB treatment default. It also led to earlier and more prioritised cART initiation in cART-
naïve HIV-infected patients diagnosed with TB, decreasing the time to initiation of cART, 
especially in patients with a CD4 count <100/mm3 as they are most likely to benefit from 
timely cART initiation [6-8].

Different models of integrated delivery of TB and HIV care in resource-limited settings 
have been described in the literature. Legido-Quigley et al. performed a systematic review of 
60 papers and 70 abstracts describing HIV and TB service integration in low- and middle-
income countries, and categorised these into 5 models: a TB clinic with referral for HIV 
testing and treatment; a TB clinic with on-site HIV testing but with referral for HIV treat-
ment; an HIV clinic with referral for TB testing and treatment; an HIV clinic with on-site 
TB screening and with referral for TB treatment and a “single facility” with provision of TB 
and HIV services in the same clinic [10]. They also described benefits and weaknesses of the 
different models. These range from easy implementation but failing referral mechanisms due 
to poor communication in less integrated models, to improved staff morale and retention 
but more logistical challenges such as human resource limitations, increased need for staff 
training and additional infrastructure in models with higher levels of integration.

Despite the rationale for integrated service delivery, the evidence to support it is limited [4, 
13]. Few reports include TB and/or HIV treatment outcomes [13]. Decreased TB treatment 
default rates after integrating TB services into home-based care were found in Zambia [17]. 
Two studies of fully integrated care models in Kenya (HIV services added to a TB clinic) 
and Malawi (TB services added to an HIV clinic) found no decrease in TB treatment default 
but an increase in cART usage [18-19]. To our knowledge, the evaluation of our integrated 
clinic model is the first to present results on cART prescribing behaviour including timing 
of cART initiation.

We feel several aspects were crucial to the success of the integrated care delivery in our clinic. 
The formation of a dedicated team of health care workers who were convinced of the need 
for integrated care was paramount. Weekly team meetings and opportunities for personal 
growth motivated team members and gave them a feeling of empowerment. Essential to the 
delivery of high-quality standardised care were training of the TB-HIV clinic staff by the 
learning forms allowing continuous repetitive emphasis on core treatment concepts, having 
one clinician take care of both diseases and continuous quality improvement by ongoing 



Chapter 6

110

supervision by senior team members. The set-up of a compact open air clinic with few staff 
members allowed for easy communication and for treatment continuity for the patients.

The recently concluded TB-Control Assistance Program (TB-CAP) to strengthen TB-HIV 
collaboration in Uganda recommended a health service delivery model based on offering 
comprehensive TB and HIV services in one health facility [20].  At baseline, our clinic 
represented the common siloed situation of the highly standardised TB care setting with 
minimal communication with the more patient-centred HIV care setting [21]. Our results 
offer an insight into TB and HIV care outcomes that are attainable by integrating services 
for both diseases. Our model would need to be adapted further for general outpatient clinic 
settings which include HIV-uninfected patients. We are currently testing this in a WHO 
funded TB REACH project. As suggested by others, having a point person responsible for 
TB-HIV integrated care in each health centre will help continued communication between 
the TB and the HIV health care systems [19, 22]. In our view, there is no need for separate 
staff; in a traditional setting with separate TB and HIV outpatient clinics, usually run on dif-
ferent days, staff from these could be trained and deployed on separate TB-HIV outpatient 
clinic days.

The proportion of patients defaulting TB treatment in sub-Saharan Africa varies from 11.3% 
to 29.6% [23-27], and may be higher in HIV-positive patients. As mentioned earlier, two 
integrated care models reported different effects on default rates [17-18]. In our clinic, active 
tracing of patients who missed their appointment improved ascertainment of patients’ out-
comes. The increase in proportion of deaths in 2009 compared to 2007 is likely attributable 
to this improved ascertainment rather than a real increase in mortality; a large proportion of 
patients classified as lost to follow-up before the intervention may have died. However, more 
effort is needed to reduce loss to follow up further; 10% of patients still did not complete 
TB treatment after integration of services. Contrary to other studies the majority of our 
patients defaulted during the intensive phase [23-27], suggesting that interventions during 
the first 2 months of treatment could reduce the number of patients lost to follow-up in our 
clinic drastically.

Recent evidence strongly suggests that initiation of cART during rather than after comple-
tion of TB treatment leads to improved survival, and that patients with very low CD4 counts 
(<50 cells/mm3) should be started on cART within 2-4 weeks after initiation of TB treat-
ment [5-8]. This evidence has been incorporated into the WHO cART guidelines [9]. Our 
results show that integrating HIV and TB care is feasible and allows for timely initiation of 
cART (the time to cART initiation reduced from 103 to 45 days). Restricted funding and 
thus restricted cART availability prohibited initiation of all TB patients in our setting on 
cART; however, appropriately trained medical staff was able to assess cART eligibility and 
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to triage cART access leading to more prioritised cART initiation in patients most in need 
of cART. Interestingly, no difference in mortality and loss to follow-up was seen in patients 
who had been initiated on cART across periods. Improvement in these outcomes was found 
in patients not initiated on cART, particularly in the intermediate CD4 count group. The 
small numbers prompt careful interpretation, but we attribute this finding to an overall 
higher quality of care after the integration.

National guidelines formed the basis of the TB and HIV care provided both before and 
after implementation of the integrated clinic, and had not changed between 2007 and 2009 
with respect to any of the reported outcomes. Data to support cART initiation during TB 
treatment came out early 2009 [28]; it may have increased awareness among clinicians to 
adhere to existing national guidelines. However, we feel that the most important factor 
underlying the earlier cART initiation in 2009 was that the cART prescribing clinician and 
the TB treating clinician were the same person.

The integrated clinic was set up with a minimal use of resources, of which the majority was 
used for the construction of the outdoor clinic, which was specifically for improvement 
of infection control, an outcome which we could not measure. Although we lack data on 
nosocomial TB transmission rates, we believe the creation of an outdoor waiting area and 
clinic could have averted infections compared to the situation prior to integration. The 
additional cost to provide the integrated care service was minimal and consisted mainly of 
efforts to create training, clinic, monitoring & evaluation materials, and to train the TB-
HIV clinic staff. Other limitations of our analysis were the use of routinely collected data 
with issues of missingness and outcome ascertainment. Data on the type of TB diagnosed 
and TB treatment outcomes were collected differently in 2007 and 2009; the digitalised 
NTLP register was used in 2007 and the new clinic database validated by the NTLP register 
was used in 2009. The HIV and laboratory data was collected uniformly across both study 
periods, however. The data in both datasets underwent extensive validation through cross-
checking with the clinical notes. Therefore, we do not think these differences could explain 
the observed improved outcomes.

In conclusion, the integration of TB and HIV care in our large, urban HIV clinic has led to 
improved TB treatment outcomes and earlier and more prioritised cART initiation. There is 
need for data on nosocomial TB transmission rates in integrated care settings. These findings 
support the roll-out of a fully integrated TB-HIV service delivery model throughout high-
prevalence TB and HIV settings.
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Adult Infectious Diseases Clinic 
Tuberculosis Diagnosis Form  

Name _________________________________Signature ________________________ 

 
Patient Initials __________ IDC Number _______________ Date ____/____/________ 

 
 
 

Diagnosis  
  Pulmonary, smear 
positive 

1 sputum smear positive  

  Pulmonary, smear 
negative  
 
 

2 sputum smears negative AND: 
- sputum culture positive, OR 
- radiographic abnormalities consistent with active TB, OR 
- decision by a clinician to treat with a full course of anti-TB treatment 

Determine type of TB                                      

  Extrapulmonary,  
Specify site:  
 
____________________         
 

1 specimen from an extrapulmonary site smear or culture positive OR 
Histological or strong clinical evidence consistent with active 
extrapulmonary TB 
OR 
Decision by a clinician to treat with a full course of anti-TB treatment 

Determine type of patient:  New A patient who has never had treatment for TB or who has taken anti-
TB drugs for less than 1 month 

  Relapse A patient treated for TB within the past 5 years who has been 
declared cured or treatment completed, and is diagnosed with 
bacteriologically positive (smear or culture) TB 

  Treatment after 
failure 

A patient who is started on a re-treatment regimen after having failed 
previous treatment  
Failure = smear positive five months or later after commencing 
treatment OR smear negative found smear positive at the end of 2nd 
month 

  Treatment after 
default 

A patient who returns to treatment, positive bacteriologically, 
following interruption of treatment for 8 or more consecutive weeks  
AND having received at least 4 wks of treatment 

  Other 
 

Specify: 
 
 
 

 
Treatment plan (according to 2007 NTLP and 2007 WHO guidelines) 
Type of patient Treatment plan Check Alterations / comments 
New Category 1   
Relapse Category 2   
Treatment after failure Category 2   
Treatment after default Category 2   
Other Discuss with TB-

coordinator 
 

Done  Regimen: 
 
 
 
Signature TB-coordinator: 

Category 1 regimen = 2 RHZE / 6 EH 
Category 2 regimen = 2 (RHZE)S / 1 RHZE / 5 HRE 
R=rifampicin     H=isoniazid     Z=pyrazinamide     E=ethambutol    S=streptomycin             dosage: see NTLP or WHO guidelines 

Please turn over for the treatment checklist 
 
 

Supplemental figure 1. Document to serve as an example of the TB-HIV clinic self-learning 
forms: the TB diagnosis form.
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Adult Infectious Diseases Clinic 
Tuberculosis Treatment Checklist 

 

 

 
 

Checklist before initiating treatment (according to 2007 NTLP and 2007 WHO guidelines) 
Does the patient have peripheral neuropathy?  No   Yes If no: prescribe pyridoxine 50 mg during 

intensive phase and 25 mg during 
continuation phase 
If yes: increase dose of pyridoxine to 100mg 
daily during entire treatment 

Is the patient on ARVs? 
 

 No   Yes Regimen: 
Starting date: 

 Yes (check below): 
 Nevirapine Switch to efavirenz, if possible. 

Use nevirapine in 1st trimester of pregnancy 
and in patients unable to tolerate efavirenz. 

 Lopinavir/ritonavir Replace rifampicin with rifabutin 3x/wk 
150mg 

Are there any interactions with ARVs?  No 
or 
 N/A 

 Tenofovir Do not use streptomycin 
 Yes (check below): 
 Corticosteroids Specify: ______________________________ 
 Ketoconazole Caution advised, consider increasing 

antifungal dose 
 Contraceptives Specify: ______________________________ 

Advise to switch to injectable contraceptives 
during rifampicin treatment. 

Is the patient on any other medication? 
 
(except co-trimoxazole or dapsone) 

 No 

 Other drugs Specify:  
 

Have you ordered baseline renal function tests 
(RFTs)?    

 Yes - Known creatinine clearance <30ml/min*: discuss with TB coordinator. 
- Check baseline results at first follow-up visit. 

Have you ordered baseline liver function tests 
(LFTs)?    

 Yes - Known raised LFTs: discuss with TB coordinator and monitor LFTs 
closely during treatment. 
- Check baseline results at first follow-up visit. 

Is the patient pregnant? 
 
 
 

 No 
or 
 N/A 

  Yes If unknown: counsel and test 
If yes: do not use streptomycin and discuss 
with TB coordinator 

For smear positive PTB patients: is the patient 
breastfeeding? 

 No 
or 
 N/A 

  Yes If yes: treat with normal regimen and 
continue lactation. Give 6 months course of 
preventive INH to baby (5mg/kg). At 
completion, give baby BCG. 

  Child < 5 years Refer for further assessment. If no active TB, 
give 6 months course of preventive INH 
(5mg/kg). At completion, give BCG. 

  Child 5 years or 
older  

If symptoms suggestive of TB, refer for 
further assessment 

For smear positive PTB patients: are there any 
other household contacts? 

 No 
or 
 N/A 

  Adult If symptoms suggestive of TB, refer for 
further assessment 

N/A = non applicable 
* Cockroft-Gault formula: estimated creatinine clearance (ml/min) = (140 – age) x weight (in kg) x (0,85 if female)  
                72 x serum creatinine (in mg/dl) 

 
 
 

Date of first follow-up visit (14 days):    ____/____/________ 

Supplemental figure 2. Document to serve as an example of the TB-HIV clinic self-learning 
forms: the TB treatment checklist.
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AbStrACt

Background
Increased detection of tuberculosis (TB) using intensified or active case finding (ICF) is one 
of the cornerstones of the Stop TB Strategy, and contrasts with passive case finding (PCF) 
which relies on self-reported symptoms. There is no clear guidance on implementation 
strategies. We implemented ICF in addition to ongoing PCF in our large urban HIV clinic 
in July 2010 using a twice-daily announcement screen method by a trained peer educator, 
asking waiting patients to self-refer to a trained volunteer for screening of TB symptoms. We 
sought to determine the associated effect on TB case detection.

Methods
Suspects were investigated by sputum smear, chest X-ray and ultrasound, if indicated. Rou-
tinely collected clinical and laboratory data were merged with the ICF register and TB clinic 
data for patients attending the clinic in 2010. We compared the yield of TB cases (defined 
as the prevalence of newly diagnosed TB cases in the screened population), the type of TB 
diagnosed and the total cost per TB case identified (in United States Dollars [USD]) for the 
period before and after ICF implementation.

Results
Of the 20,456 patients who visited the clinic in 2010, 614 were identified as TB suspects, 
220 pre-ICF and 394 post-ICF (229 via PCF and 165 via ICF). The proportion diagnosed 
with TB dropped from 66% to 48% (60% in suspects identified through PCF and 31% 
through ICF). The yield of combined PCF and ICF screening was 1.4% pre-ICF and 1.7% 
post-ICF with a cost per TB case identified of 12.29 USD and 21.80 USD, respectively.

Conclusions
Implementation of ICF in a large HIV clinic yielded more TB suspects and cases, but 
substantially increased costs and was unable to capture the majority of TB suspects who 
were referred for diagnosis by clinicians through PCF. The overall yield of TB cases in a 
mature HIV clinic was low, although targeted screening of those recently enrolled in care 
may increase the yield.
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bACkground

HIV is the most important risk factor for the development of tuberculosis (TB). People 
living with HIV are 21-34 times more likely to develop TB than the HIV negative popula-
tion [1]. TB is a leading cause of death among HIV infected people with 22% of all deaths 
attributable to TB.

In 2004, collaborative activities to reduce the burden of TB-HIV co-infection were added to 
the Stop TB Strategy of the World Health Organization (WHO) [2]. These activities include 
provision of triple combination antiretroviral therapy (cART) and the “3Is”: intensified case 
finding (ICF), isoniazid preventive therapy (IPT) and infection control. ICF refers to regular 
screening of all people with or at high risk of HIV or in congregate settings, for symptoms 
of TB disease followed by prompt diagnosis and treatment [3]. It is the “gatekeeper” of the 
“3Is” as it identifies eligible patients for IPT and aids infection control [3-4]. It differs from 
passive case finding (PCF) which detects TB cases among symptomatic patients presenting 
for diagnosis and treatment of symptoms [5].

Uganda is one of the 22 WHO TB high-burden countries with an HIV prevalence of 6% [1, 
6]. The case detection rate of 61% in 2010 falls short of the WHO target of 70%. In order 
to increase the number of HIV-positive patients diagnosed with TB, the Ugandan Ministry 
of Health (MoH), in October 2008 issued a mandate for all health clinics to start ICF. In 
collaboration with the National Tuberculosis and Leprosy Programme (NTLP), it developed 
a screening form to aid in the detection of tuberculosis among high-risk groups (people 
living with HIV/AIDS or contacts of known TB patients). They did not include any specific 
instructions on how to implement their screening form.

Three ways to implement ICF in our high-burden HIV clinic in Kampala were tested for 
feasibility in October 2009; (1) the individual screen method: every patient was screened 
upon entry to the waiting area; (2) the poster screen method: posters in English and Luganda 
(the most widely spoken local language) were placed in the waiting area which included  
educational bullet points about TB and TB-HIV co-infection, the ICF screening questions, 
and instructions to approach a designated volunteer if a patient recognised any of these 
symptoms; and (3) the announcement screen method: a trained peer educator gave twice 
daily presentations in English and Luganda on TB and TB-HIV co-infection and the ICF 
screening questions in the waiting area, asking waiting patients to approach a trained vol-
unteer for screening if they harboured any of the symptoms. Each method was piloted on 2 
clinic days and then compared. The first method necessitated 4 additional full-time screen-
ing staff who only managed to screen 78% of patients. Furthermore, the increased suspect 
workload was unsustainable due to the additional human resource requirements, although 
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arguably the workload could decrease over time. The second method was not feasible as 23% 
of patients reported being illiterate. The third method identified a similar number of TB 
cases as the first method with less increase in workload. Therefore, we decided to implement 
ICF using the announcement screen method. In this study we set out to determine the 
associated effect on case detection of TB.

MetHodS

Setting
The Adult Infectious Diseases Clinic at the Infectious Diseases Institute (IDI) is a large 
urban HIV clinic in Kampala, Uganda, which provides outpatient HIV care to approxi-
mately 10,000 active patients. Around 600 patient visits are scheduled daily; the majority 
of these (85%) are scheduled return visits for chronic HIV care and medication refills. The 
other 15% are unscheduled emergency visits, new patient visits or referrals. The HIV and 
TB-HIV outpatient clinics at IDI have been described in detail previously [7]. In brief, care 
is based on the Uganda national guidelines, recommending co-trimoxazole prophylaxis for 
all HIV-infected persons and, at the time of our study, provision of cART to all with a CD4+ 
T cell (CD4) count lower than 250 cells/mm3 [8]. In 2008 an outdoor integrated TB-HIV 
clinic was set up to standardise the clinical management of patients suspected of or with 
TB-HIV co-infection [9]. It serves around 25 to 45 patients daily and is staffed by dedicated 
doctors and nurses trained in TB and HIV co-management. The TB-HIV clinic provides 
all care for both TB and HIV (including provision of cART, diagnosis and treatment of any 
other opportunistic infections).

Before the introduction of ICF, patients suspected of having TB were identified via PCF 
and sent to the TB-HIV clinic by the triage nurses in the general HIV outpatient clinic or 
by the doctors from their consultation rooms. All TB suspects were seen in the TB-HIV 
clinic for diagnosis and treatment. TB investigations including sputum smear microscopy, 
chest radiology, abdominal ultrasonography, lymph node biopsy and fine needle aspiration 
for microscopy were used. Mycobacterial cultures were not routinely available due to cost. 
Diagnosis was based on these investigations and occasionally on clinical presentation only. 
TB was treated according to the National TB and Leprosy Programme (NTLP) guidelines 
[10].

Implementation of ICF
The MoH ICF screening form consisted of a set of five TB screening questions: cough (for 
more than 2 weeks), haemoptysis, fevers (for more than 3 weeks), excessive night sweats (for 
more than 3 weeks) and weight loss (more than 3 kilograms in one month). A person with 



123

Implementation and effect of ICF

any of these symptoms was considered a TB suspect and should be investigated for TB. This 
form was to be used for TB screening in HIV care settings at each clinic visit and was to be 
administered by trained personnel, either a health care professional or a lay person, at the 
health facility. All patients visiting the IDI HIV clinic were targets of ICF screening per the 
MoH recommendations.

In July 2010, we implemented ICF clinic-wide using the announcement screen method. 
Two trained volunteers were designated and trained to give twice daily presentations on TB 
and TB-HIV co-infection and the ICF screening questions (in English and Luganda) in 
the general clinic waiting area, asking waiting patients to approach one of them if they had 
any of the described symptoms. They were also to screen the patients presenting themselves 
to them afterwards and to record all who reported one or more of the symptoms on the 
screening form in a register. These TB suspects were referred to the outdoor TB-HIV clinic 
and further investigated for TB according to the clinic guidelines. In addition to ICF, TB 
suspects continued to be identified by PCF during their encounter with the clinic staff at 
their scheduled visit.

Study design, selection criteria and definitions
This study used a retrospective cohort study design in which we compared two periods: six 
months before ICF, January to June 2010 (pre-ICF), and 6 months after ICF implementa-
tion, July to December 2010 (post-ICF) (Figure 1). All patients with an IDI clinic visit 
during 2010 were eligible for inclusion in our analysis. A TB suspect was defined as a patient 
who was referred to the TB clinic for TB investigation, irrespective of their method of iden-

 

Screen by clinicians 

TB suspects 

TB cases 

TB suspects 

TB cases TB cases 

TB suspects 

Screen by clinicians 

Waiting room Waiting room 

Consultation room 

TB clinic TB clinic TB clinic 

Consultation room 

Screen by peers 

Post-ICF period 

ICF  PCF 

Pre-ICF period 

PCF 

figure 1. Study overview: screening for TB before and after implementation of ICF
Note: ICF, intensified case finding; PCF, passive case finding; TB, tuberculosis.
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tification (PCF or ICF). A TB diagnosis was defined as having received a TB diagnosis from 
the TB-HIV clinic medical officer, based on the procedures explained above. TB treatment 
was defined as having been started on TB treatment.

All patients who screened positive for TB by the volunteer but who did not classify as TB 
suspects on arrival at the TB clinic (n=50), who never presented to the TB clinic for further 
work-up of TB (n=32), or for whom no TB work-up data was available and whose files were 
unavailable for review (n=56) were excluded. We also excluded patients transferred from 
other health centres with an existing TB diagnosis and patients who were already on TB 
treatment.

Study outcomes
The primary outcome measure was the yield of newly diagnosed TB patients identified (de-
fined as the prevalence of newly diagnosed TB cases in the screened population). Secondary 
outcomes included the type of TB diagnosed and the total cost per TB case identified. All 
outcomes were compared for the period before and after ICF implementation.

Data collection and ethics statement
Routinely collected data on clinical parameters, cART and adherence, WHO stage, toxici-
ties and opportunistic infections of all IDI patients were entered into a database, to which 
laboratory data were added electronically. We extracted data from this database, from the 
ICF register (of all patients who screened positive by the trained ICF volunteers), the elec-
tronic TB-HIV clinic database (which contains routinely collected data on TB symptoms, 
diagnosis, treatment and follow-up at each TB clinic visit), and the NTLP TB register (of all 
patients on TB treatment at IDI). We merged these data to arrive at a complete dataset of 
all patients who had visited IDI in 2010, and which included detailed information on those 
screened for TB. We performed chart reviews to validate any inconsistent data between these 
data sets. Patients lost to follow-up were recorded at each stage of the diagnostic process 
from screening to treatment. This study was performed as part of regular clinic monitoring 
and evaluation for continuous quality improvement that was approved by the Institutional 
Review Boards of IDI, Makerere University College of Health Sciences and the Uganda 
National Council for Science and Technology.

Data analysis
The absolute numbers and proportions of suspects, patients having undergone TB investiga-
tions, patients with a final diagnosis (TB yes/no) and patients treated for TB in both periods 
were compared. Baseline characteristics were compared using Chi-squared, two-tailed 
student t-tests and, where appropriate, two-sample Wilcoxon rank-sum tests. Ninety-five 
percent confidence intervals (CI) were used and P-values ≤0.05 were considered to be statis-
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tically significant. Analyses were conducted using STATA version SE 11.1 (College Station, 
Texas, USA).

Cost inputs and analysis
We assessed all costs to perform the screening and diagnosis of TB suspects, including the 
costs for investigations performed and for the volunteers performing the screening. Costs 
were the actual price paid for these services in 2010 (Table 2). As the real number of inves-
tigations performed was not captured in our database, we estimated these on current clinic 
standard operating procedures and on the proportion of extrapulmonary TB diagnosed in 
this study. We assumed that all TB suspects underwent a chest X-ray and sputum smear 
analysis (2 smears), and that approximately 40% of TB suspects were investigated for ex-
trapulmonary TB with 20% undergoing a lymph node aspirate and 20% an abdominal 
ultrasound. Other investigations such as a lymph node biopsy and pleural fluid analysis 
were performed very infrequently, and were therefore not included in the analysis. As the 
TB clinic and staff remained the same in the pre- and post-ICF periods, these costs were not 
included, as were costs for routine HIV care, such as laboratory investigations. All costs were 
totalled and divided by the number of TB cases identified to arrive at the cost per TB case.

reSultS

Baseline characteristics
A total of 9,931 patients visited IDI in the six months pre-ICF and 10,525 in the six months 
post-ICF implementation. More women than men visited the clinic (68% in both periods), 
and 74% and 72% were on cART at their first visit during the pre- or post-ICF period, 
respectively. In the pre-ICF period, suspects had been registered at IDI for a median of 1441 
(interquartile range [IQR]: 563, 1769) days; in the post-ICF period this was a median of 
1536 (IQR: 511, 1930) days before becoming a TB suspect.

A total of 614 patients were suspected of having TB over both periods studied: 220 (2.2%) 
pre-ICF and 394 (3.7%) post-ICF, of which in the latter 165 (41.9%) were identified via 
ICF and 229 (58.1%) via PCF. Overall, 356 (58%) were women and 217 (35%) were on 
cART. See Table 1 for the baseline characteristics of all three groups. Suspects identified 
through ICF as opposed to through PCF during the post-ICF period were more likely to be 
older, to have been registered at the IDI for a longer duration and to be on cART.

Outcomes before and after ICF
Absolute numbers of suspects, suspects investigated for TB, diagnosed with and treated 
for TB all increased after ICF implementation (Figure 2). The number of suspects almost 
doubled from 200 to 394. The proportion of suspects investigated for TB remained high at 
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table 1. Patient characteristics

Pre-ICF Post-ICF

Characteristic PCF Suspects
N=220 (100%)

ICF Suspects
N=165 (42%)

PCF Suspects
N=229 (58%)

Sex (n [%]) Male
Female

112 (51)
108 (49)

51 (31)
114 (69)

95 (41)
134 (59)

Age (years, mean [SD]) 35 (9.2) 40 (10.0) 36 (10.1)

cART (n [%])* Yes
No

68 (31)
149 (68)

74 (45)
91 (55)

75 (33)
147 (64)

Time at IDI since registration 
(days, median [IQR])

94 (4, 1005) 1015 (128, 1830) 57 (1, 1437)

Symptoms (n [%])* Pulmonary
Only B-symptoms

164 (75)
52 (25)

138 (84)
27 (16)

187 (82)
41 (18)

*Data on cART use were not available for 10 patients (3 pre-ICF and 7 post-ICF of which all PCF), and data on 
symptoms were not available for 5 patients (4 pre-ICF and 1 post-ICF, PCF).
Note: cART, combination antiretroviral therapy; B-symptoms: fevers or night sweats for more than 3 weeks 
and/or weight loss (>3 kilograms in one month); ICF, Intensified Case Finding; IDI, Infectious Diseases Institute; 
IQR, interquartile range; PCF, passive case finding; SD, standard deviation.

table 2. Costs incurred in the pre- and post-ICF periods.

Item Unit cost (UGX)1 Unit cost (USD)1 Pre-ICF (n=220) Post-ICF (n=394)

Sputum smear (100%)2 10,000 4.32 949.42 1700.33

Chest X-ray (100%) 5,000 2.16 474.71 850.17

Ultrasound (20%) 10,0003 4.32 189.89 340.07

Lymph node aspirate (20%) 5,000 2.16 94.94 170.03

Peer supporter 80,000 per week
x25 weeks

34.52 per week NA 863.11

Total costs 1708.96 3923.71

Cost per TB case 12.29 21.80

1 Based on an exchange rate of 1000 UGX = 0.43156 USD (1/7/2010).
2 Consisting of 2 sputum samples per TB suspect.
3 Of which patients contribute 50% out of their own pocket.
Note: ICF, Intensified Case Finding; NA, not applicable; PCF, passive case finding; TB, tuberculosis; USD, United 
States Dollars.
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95% in the pre-ICF period and 96% in the post-ICF period. Of those, the proportion diag-
nosed with TB dropped from 66% in the pre-PCF to 48% in the post-ICF period. Fifty-two 
(37%) and 45 (25%) patients were diagnosed with sputum smear positive TB, 21 (15%) and 
41 (23%) with smear negative TB, and 58 (42%) and 71 (40%) with extrapulmonary TB 
in the pre and post-ICF period, respectively (P=0.051). The type of TB diagnosed was not 
available for 31 patients (8 pre-ICF, 23 post-ICF of which 5 ICF and 18 PCF).

Suspects who had enrolled into care in the 3 months prior to their becoming a TB suspect 
(n=261 or 43% of all suspects) were more likely to be diagnosed with TB than those who 
had been at IDI for more than 3 months (63% versus 44%, p<0.001). Post-ICF, only 22% 
of these newly enrolled suspects presented via ICF and 78% via PCF.

In the post-ICF period, 49 out of 158 (31%) of investigated ICF suspects and 131 out of 
217 (60%) investigated PCF suspects were diagnosed with TB. Newly enrolled TB suspects 
identified via ICF were more often diagnosed with TB (15 out of 34 [44%]). There was no 
difference in the type of TB diagnosed between the suspects identified through ICF or PCF 
in the post-ICF period: 14 (29%) and 31 (24%) patients were diagnosed with sputum smear 

 

 

All patients with clinic visits 
N=10525 

 

Suspects 
N=220 (100%) 

 

Investigated1 
N=211 (96%) 

 

TB Diagnosis2  
N=139 (66%) 

 

TB Treatment3 
N=131 (94%) 

 

All patients with clinic visits 
N=9931 

 

Identified through ICF 
N=165 (1.6%) 

 

Identified through PCF  
N=229 (2.2%) 

 

Suspects 
N=394 (100%) 

 

Investigated1  
N=375 (95%) 

 

TB diagnosis2 
N=180 (48%) 

 

TB treatment3 
N=165 (92%) 

 

figure 2. Patient flow before and after ICF Implementation
This figure shows the flow of patients in the two periods assessed in this study.
1Pre-ICF, 9 were not investigated (4%): 3 LFU, 1 died, 5 charts were missing. Post-ICF, 14 were not 
investigated (3 LFU, 1 psychotic, 1 LFU to general clinic, 9 missing) and 5 charts were missing.
2Pre-ICF, no TB was found in 66 (31%); 6 diagnoses were missing (3 LFU, 1 died, 2 charts were 
missing). Post-ICF, no TB was found in 185 (49%); 10 diagnoses were missing (4 LFU, 2 died, 1 LFU 
to general clinic, 3 charts were missing).
3Pre-ICF, 8 were not treated for TB (1 LFU, 2 died, 5 charts were missing). Post-ICF, 15 (8%) were 
not treated for TB (2 LFU, 5 died, 8 charts were missing).
Note: ICF, intensified case finding; LFU, loss to follow-up; TB, tuberculosis
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positive TB, 12 (25%) and 29 (22%) with smear-negative TB, and 18 (37%) and 53 (41%) 
with extrapulmonary TB in ICF and PCF suspects, respectively (p=0.824).

Yield of ICF
The yield of screening was 1.4% in the pre-ICF period (only PCF) and 1.7% in the post-ICF 
period (ICF and PCF combined), or a prevalence of 1,400/100,000 and 1,700/100,000, 
respectively.

Costs
By adding up all costs involved with the screening and the diagnosis of TB suspects before 
and after ICF implementation and then dividing this amount by the numbers of TB cases, 
we found that the cost per TB case found almost doubled from 12.29 USD pre-ICF to 
21.80 USD post-ICF (Table 2). The greatest cost difference was incurred by the increase in 
numbers of investigations (sputum smears and chest X-rays) and the additional cost of the 
screening staff. Costs increased by 130% and TB cases identified by 30%.

dISCuSSIon

We found that implementation of ICF by the announcement screen method in a large 
HIV clinic led to a 76% increase in the number of TB suspects identified, with only a 30% 
increase in newly diagnosed TB cases. PCF during the post-ICF period continued to identify 
a similar number of TB suspects compared with the pre-ICF period, even though ICF was 
performed at an earlier stage of the clinic visit than PCF. Different subsets of patients were 
identified through the two parallel screening methods.

The reported yield of new TB cases identified by ICF varies greatly, depending on the HIV 
prevalence in the population at risk studied, the country-specific TB prevalence and the 
method of screening used (symptom-based or not). According to a recent meta-analysis of 
studies of ICF in HIV-infected people in resource-limited settings, it ranged from 2.2% in 
contact-tracing exercises to 8.2% in medical and antiretroviral clinics [11]. Factors associated 
with a higher yield included the screening of all patients regardless of symptoms, and ICF in 
a setting with a higher country-specific TB prevalence. Screening strategies also vary widely 
and usually involve a set of questions. Absence of current cough, night sweats, weight loss 
and fever was associated with a low probability of active TB disease [12], although this was 
dependent on the prevalence of TB in the screened population with the negative predictive 
value decreasing from 99.7% to 92.3% with an increase in TB prevalence from 1% to 20%.
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The yield of our symptom-based screening method was lower: at 1.4% and 1.7% of the 
active attending patient population in the pre-ICF and post-ICF period, respectively. In 
Uganda, prevalence estimates of newly diagnosed TB identified by symptom-based ICF 
screening programmes vary between 7.2% in a rural cohort of cART initiators, 3.6% in 
a rural cohort of patients screened for cART eligibility and 1.4% among new patients 
enrolling in an HIV clinic at the same hospital complex [13-15]. Our study population 
represents the population of a “mature” HIV clinic, with the majority of patients on cART 
and therefore less likely to have unrecognised TB. Also, regular TB screening via PCF may 
have already reduced the burden of infectious patients and thus the incidence of TB in 
our patient population. The 2010 WHO estimate of the HIV-associated TB incidence in 
Uganda was 112 (range 91–136) cases per 100,000 inhabitants [1]. Therefore, albeit lower 
than other ICF estimates, our screening programme still found a 12-14 times higher annual 
incidence rate. Other explanations for the low yield found in our study include an inefficient 
method of screening with missing of TB suspects (possibly also due to stigma, evidenced by 
the large proportion of TB suspects identified by PCF after ICF had been implemented), 
or a substandard laboratory performance, although regular external quality control has not 
shown this to be the case. The contribution of missed smear-negative, culture-positive TB is 
unclear: we diagnosed 25% and 22% smear-negative pulmonary TB, which was comparable 
to an estimated 19% smear-negative, culture-positive TB diagnosed among IDI TB suspects 
in an earlier study [16]. The effect of routine use of TB culture or Xpert MTB/RIF in 
smear-negative TB suspects on numbers of empiric TB diagnosis and treatment should be 
investigated, as well as the cost-effectiveness of such strategies.

We attempted to implement ICF in a methodical and feasible way using a method based on 
announcements. The individual screening method would possibly have led to identification 
of more suspects, but at a greater cost, both monetary and in human resources. We show that 
this method is feasible, but not very effective. The population of TB suspects identified by 
this method of ICF was different from the one identified through ongoing PCF in the same 
period, as evidenced by their differing baseline characteristics and the higher TB suspect to 
case ratio in ICF versus PCF suspects. This could have been due to inadequate screening by 
the volunteers or to a higher likelihood of more “experienced” patients presenting themselves 
for screening. This correlates with our finding that only one-fifth of TB suspects who were 
newly enrolled in HIV care were identified through ICF. Additionally, the stigma attached 
to TB may result in the patient presenting to the clinician when being asked the screening 
questions rather than approaching a volunteer lay person in the waiting area. Incomprehen-
sion of the message may also be a cause: either due to a language barrier or because of the 
manner in which the message is delivered. Our ICF method was very dependent on how 
the person giving the announcements did this, and how he/she emphasised the importance 
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of knowing one’s “TB status”. The individual screening method may arguably have fewer of 
these problems.

Costs per TB case identified rose from 12 to 22 USD after implementation of ICF using 
the announcement screen method. The increase was mainly due to the higher suspect to 
case ratio and to the cost of the volunteers performing the screening. These were relative 
costs, comparing costs pre- and post-ICF implementation. Absolute costs of screening 
programmes are highly dependent on the work-up of TB suspects and comparisons across 
settings and countries are therefore difficult to make. A formal cost-effectiveness analysis 
should include the effect of ICF on transmission, and is needed to inform practice. As the 
majority of suspects in our study were identified by PCF instead of ICF and as ICF identi-
fied a population less likely to have TB, it seems unlikely that ICF contributed to improved 
infection control in our setting. The cost-effectiveness of screening of the whole population 
regardless of (the duration of ) symptoms, as proposed by some [11, 17], would have to be 
established. This would not be feasible in our clinic without a comprehensive restructuring 
of the health care delivery at IDI and without a significant increase in resources for personnel 
and investigations.

Our findings raise the question how best to optimise ICF in a setting like ours. As the 
majority of TB cases were found among patients newly enrolled into HIV care, it seems 
advisable to screen that part of the patient population systematically, possibly using an 
individual screening method. For patients in care for a longer period of time, the optimal 
screening strategy is less obvious. As clinicians are less likely to think of TB in stable patients, 
there is a need for some form of additional screening. Targeted announcements such as in 
our study might work for this category of patients. Optimal screening frequencies should 
be established, for example by comparing a strategy of screening at each clinic visit with 
3-monthly, 6-monthly or even yearly TB screening.

Noteworthy was the high retention rate of TB suspects: 95% and 96% underwent investiga-
tions. This was substantially higher than in a similar screening programme in Swaziland, 
where this was only 53% [18].

Limitations of our study were the retrospective study design and the use of routinely 
collected data with missing data as a result. The 50 excluded patients who were identified 
by ICF but did not qualify as a TB suspect on arrival at the clinic, added to the increase in 
workload after ICF implementation. Some of these were misidentified by the volunteers, 
highlighting the need for continuous retraining of lay health care workers. Others purpose-
fully reported TB symptoms at screening to ensure being seen by a clinician in the TB-HIV 
clinic. Interestingly, 32 patients were identified as TB suspects by the volunteer but were 
never seen in the TB clinic, possibly due to long waiting times or stigma associated with 
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TB. The potential TB suspects for whom no data was available (n=56) possibly belong to 
the same category. Both point towards a possible systems issue absorbing these patients in 
the TB-HIV clinic.

Sputum samples were investigated by light microscopy using Ziehl-Neelsen staining in the 
pre-ICF period, while an in-house LED-based fluorescence microscopy was established at 
the start of the post-ICF period. However we do not believe the 10% sensitivity difference 
to have influenced our case-detection in both periods greatly [19]. We made assumptions of 
the numbers of investigations ordered for the costing analysis; as the investigations did not 
differ hugely in price, we believe that using actual numbers would not greatly change our 
estimate. We also assumed a flat cost of 5,000 UGX (2.16 USD) for sputum microscopy, 
while the in-house test implemented in the post-ICF period was cheaper (true costs were not 
available). Our costing analysis was therefore conservative.

Lastly, this method of ICF implementation would not have been possible in a large clinic 
without resources for the additional lay health care workers and investigations. The IDI has 
more available tests for diagnosis and better follow-up of the patients compared to most 
health care settings in sub-Saharan Africa. Also, the on-site fluorescence microscopy services 
could handle the additional sputum smears in a timely fashion. For ICF to be implemented 
countrywide in Uganda and in other resource limited settings, there would have to be a 
scale-up of resources in order to train health care and lay workers and to equip the laboratory 
systems to handle the extra workload.

Conclusions
Implementation of ICF in a large, “mature” HIV clinic using an announcement screen 
method yielded more TB suspects and cases, but substantially increased costs and was unable 
to capture the majority of TB suspects referred for diagnosis, diluting the effect on infection 
control. The overall yield of TB cases in a mature HIV clinic was low, raising the question 
whether ICF is cost-effective and affordable in such a setting. Research into optimisation of 
ICF is needed, including targeted screening strategies for those recently enrolled into care.
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Discussion

The work presented in this thesis is an attempt to answer the following main research ques-
tions: 1) how does the current management of HIV and TB affect mortality, HIV outcomes 
and TB incidence?, and 2) how could the provision of care for co-infected patients be 
improved within the context and the limitations of the Ugandan health care setting?

For each theme laid out in Chapter 1 we collate our findings with the current state of 
knowledge in this area, and we highlight and elaborate on the remaining challenges involved. 
In the last two sections of this Chapter, we formulate recommendations on how to improve 
care for patients co-infected with HIV and TB in Uganda and in sub-Saharan Africa, and 
pose research questions arising from this work.

AntIretroVIrAl tHerAPy

Early and often; the impact of cART
Triple combination antiretroviral therapy (cART) is the single most important interven-
tion to reduce progression to AIDS and death in people living with HIV, but its impact is 
strongly correlated with the CD4+ T cell (CD4) count at cART initiation. In Uganda, as 
in the developed world, near-normal life expectancies can be achieved in patients initiating 
cART at CD4 counts above 250 cells/mm3 [1].

In our large, urban non-governmental HIV clinic in Uganda, median CD4 counts at cART 
initiation increased from 82 cells/mm3 in 2005 to 148 cells/mm3 in 2009 (Chapter 2). At 
the same time, mortality rates decreased by almost 50%. This was a result of sustained efforts 
to initiate cART at higher CD4 counts by improving adherence to national guidelines, 
by better training of medical officers, by initiating cART more quickly and by retaining 
HIV-positive, not yet cART-eligible patients in care. Increasing baseline CD4 counts since 
the start of cART roll-out had been reported from a cART programmatic setting in Kenya 
[2], but a correlation with decreased mortality over time in sub-Saharan Africa had only 
been shown by a study from South Africa [3]. However, we found that the increased CD4 
count at the start of cART did not lead to a reduction in post-cART TB incidence. This we 
attributed to the heightened awareness and improved case finding of TB in our clinic since 
2008 (Chapter 6). Increased TB incidence notwithstanding, a later year of cART initiation 
was associated with reduced mortality independent of the higher baseline CD4 count, show-
ing that incremental gains can be made by increasing quality of care.

Barriers to cART initiation and delivery
Despite the increase in CD4 count at the start of cART, our clinic has not yet achieved the 
target of initiating all patients around or above the now standard cut-off of 350 cells/mm3 
[4]. This is common throughout sub-Saharan Africa: between 2004 and 2008 in a quarter 
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of 1690 cohorts with over 120,000 cART, patients started cART at a median CD4 count 
of <111 cells/mm3 [5]. Barriers to a further increase of the median CD4 count at cART 
initiation include patient delays in presenting for HIV care until the disease is far advanced 
(individual level determinants), and health system delays (contextual and programme-level 
determinants) [5].

In our clinic, median CD4 counts at registration (i.e. at presentation to care) increased 
from 66 cells/mm3 in 2005 to 108 cells/mm3 in 2009, but were nevertheless still very low 
(Chapter 2). Late presentation to care is commonplace in developed countries [6-7], and is 
even more so in sub-Saharan Africa [8-10]. Various patient level factors are associated with 
late presentation to care. In general, men are more likely to present late than women [11]. 
Among patients registering for HIV care in Mbarara, Uganda, older age, lower level of edu-
cation, being unmarried or unemployed, and non-disclosure of HIV status to spouse were 
associated with late presentation [8]. Pregnant women or women with children were more 
likely to present earlier due to efficient linkage to care from antenatal clinics and prevention 
of mother to child transmission (PMTCT) services. In a study from Malawi, men delayed 
HIV testing and treatment for fear of losing their social position and respect from other men, 
relatives and wives. They also tended to remarry quickly after being widowed, and were less 
likely than women to be aware of the HIV status of their partners. Malawian women sought 
care earlier due to a sense of responsibility towards their children and relatives [12]. Patients 
attending HIV services in areas with fewer people knowing about AIDS or with lower HIV 
testing rates were also more likely to have lower CD4 counts at cART initiation [5].

Intensified efforts to diagnose (and treat) HIV-infected patients earlier are essential. Various 
approaches to expand and improve HIV testing services have been suggested. These include 
community-based testing and provider-initiated testing and counselling (PITC or “opt-
out”), instead of voluntary HIV counselling and testing (VCT). PITC is particularly useful 
as part of routine care in patients attending a health care facility, for example as part of 
primary care services or in a TB clinic. Community-based testing includes mobile VCT 
clinics [13], home-based counselling and testing (HBCT), and even self-testing approaches 
[14]. In rural Uganda, household members of patients on cART were 10 times more likely 
to get tested for HIV with a home-based testing service compared to a clinic-based testing 
service [15]. Furthermore, a study in new HIV patients presenting for care in Kenya showed 
that patients identified via HBCT had higher CD4 counts than those identified via VCT 
or PITC [16].

Receiving a positive HIV test result is by no means synonymous with presentation for care, as 
a recent meta-analysis of 24 reports from across sub-Saharan Africa emphasised. Only 44% 
of patients who tested positive subsequently enrolled into care, and an estimated 17-33% of 
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patients completed the full trajectory from HIV test to cART initiation [10]. Some of the 
loss between HIV testing and cART initiation might be explained by patients dying before 
accessing cART. Other reasons include stigma, a lack of perceived need, finances or motiva-
tion to return for pre-cART care if no medication is provided [17]. Immediate evaluation of 
cART eligibility by point-of-care CD4 testing at the time of an HIV test, improved patient 
education, and restricting the number of clinic visits could reduce pre-cART loss [18-19].

The main barrier to increased cART coverage and higher baseline CD4 counts is the lack 
of scale of the national cART programme, especially outside the main urban areas. Despite 
increases in the number of health facilities providing cART services, 38 out of 112 districts 
had only one and 4 had no cART service outlet in 2010 [20].

Inconsistent cART availability in our clinic has periodically resulted in prioritising its use 
in patients with the lowest CD4 counts (<50 or 100 cells/mm3), despite the higher cut-off 
advised in the national guidelines (unpublished data, E. Lubwama). We showed that tempo-
rary interruptions in drug supply due to limited external funding led to reduced proportions 
of eligible patients starting treatment (Chapter 3) [21-22].  Drug stock-outs are a frequent 
occurrence in Uganda. In 2008 only 45.7% of the public health facilities had access to 
essential medicines, including cART [23]. The Ugandan Government health sector budget 
has not increased over the last years; it has remained at a consistent 10% of the entire budget, 
amounting to only 7% of the estimated costs of the national HIV/AIDS response [24]. With 
decreasing or flat external funding for cART programmes we do not expect this situation to 
improve over the coming years [24-25].

Another serious obstacle for national cART scale-up is the general shortage of skilled health 
care personnel [26]: only 50% of positions are filled, with the most severe shortages existing 
in rural areas [23]. Productivity and staff morale play an important role, with absenteeism 
being the single largest waste factor in the public health service. Thirty seven percent of 
health care workers were found absent on two unannounced and random visits [24, 27]. 
Absenteeism was more common among higher-level health care workers, many of whom 
augment their low government salary with a private practice. Decentralisation and task shift-
ing are focal points of the new Treatment 2.0 strategy of WHO and UNAIDS, launched 
in June 2010 [28]. Nurse-led HIV care has been shown to be non-inferior to physician-led 
care [29], and two studies at IDI have shown task-shifting to lower health-care cadres to be 
cost-effective [30-31]. It is essential, however, that this is accompanied by efforts to educate 
more lower-cadre staff so that task shifting of TB and HIV care is not at the expense of other 
acute priorities, such as maternal and child health and disease prevention activities.
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The current quality of HIV health care delivered is suboptimal in Uganda. A recent evalua-
tion of HIV outpatient care services in three districts in Uganda showed very poor adherence 
to national guidelines for HIV care with respect to cART initiation, follow-up practices, 
adherence assessment and counselling [32]. Among the cART initiators of our urban HIV 
clinic, we report retention rates of 90% and 88% in the first and second year after cART ini-
tiation (Chapters 2 and 5). This is higher than in the rest of the country: six other Ugandan 
sites reported retention between 68% and 75% at 2 years [33].

The suboptimal long-term cART care ensuing from the current health care system may have 
worrying consequences. A recent study showed primary HIV-1 resistance (drug-resistant 
strains identified in newly infected patients) in Uganda to have increased from 0% in 2006 
to 12.3% in 2009. This compared poorly with other sub-Saharan African countries [34-35]. 
The authors suggested a correlation with earlier cART availability in Uganda compared to 
other countries.

cART as prevention: decreased HIV transmission and decreased TB incidence
Issues surrounding scale-up of HIV and cART services have become more important with 
evidence emerging that early cART (initiation at CD4 counts between 350-550 cells/mm3) 
reduces transmission of HIV by 96% [36]. These findings pave the way for a “Test and Treat” 
approach which entails universal voluntary HIV testing and immediate cART initiation in 
those found to be positive [37-40]. Modelling of the effect of “Test and Treat” strategies on 
TB incidence also predicts a halving of TB incidence when cART is started within the first 
5 years of HIV infection [41-42].

Recent data from Malawi showed that an estimated 38% of new HIV infections are transmit-
ted by people with early HIV infection (defined as a duration of less than 6 months) [43], 
which emphasizes that providing universal cART will not achieve success without specifi-
cally targeting individuals recently infected with HIV. Also, a recent paper by Gardner et al. 
highlighted that the entire spectrum of engagement in care (from HIV infection to testing, 
linkage and retention in care, cART initiation and achievement of viral suppression) needs 
to be improved for “Test and Treat” strategies to lead to a substantially increased proportion 
of patients with an undetectable plasma HIV-1 RNA (viral) load, which will determine 
the extent of reduced HIV transmission [44]. The authors estimated that, with the current 
engagement in care levels, only 19% of all HIV-infected individuals in the United States 
have an undetectable viral load. In resource-limited settings with retention rates between 
HIV testing and pre-cART care of approximately 30% and retention in cART programmes 
of 65% at 3 years on cART, the engagement in care continuum will be a major hurdle to 
“Test and Treat” in sub-Saharan Africa [10, 39, 45].
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First-line cART throughout resource-limited settings is standardised and consists of two 
nucleoside analogue reverse transcriptase inhibitors (NRTIs) and one non-nucleoside 
reverse transcriptase inhibitor (NNRTI), either efavirenz (EFV) or nevirapine (NVP). In 
Chapter 3 we reported an unexpected higher risk of TB after initiation of cART containing 
EFV compared to NVP in patients with CD4 counts <100 cells/mm3. Correcting for the 
higher likelihood of prescribing EFV in patients suspected with but not proven to have TB 
made the association even stronger. It seems unlikely that this effect is due to differences in 
effectiveness of HIV treatment between NVP and EFV [46-47]. Speculative explanations 
include EFV-induced lowering of vitamin D levels [48], which recently have been shown to 
be temporally associated with higher rates of active TB disease in South Africa [49].

Further research is needed to confirm these findings. A randomised controlled trial of the 
use of EFV versus NVP-containing regimens and the incidence of TB would need to be very 
large and therefore costly. An analysis of pooled data from cART initiator cohorts in high-
prevalence TB settings may be more feasible. If found to be a true association, this may be of 
significance for “Test and Treat” strategies and for large scale PMTCT programmes such as 
in Malawi, which recently announced their blanket life-long cART initiation using an EFV-
containing regimen in all pregnant mothers [50], and in the light of concerns regarding the 
long-term survival impact of toxicity in women of child-bearing age using NVP compared 
to EFV [51].

tb SCreenIng

Effective screening and treatment for TB in people with HIV is crucial to prevent early 
mortality due to cART-associated TB, which is defined as TB diagnosed after cART initia-
tion [52]. In addition to higher mortality, we found that cART-associated TB also impairs 
CD4 recovery on cART (Chapters 4 and 5). Furthermore, Chapter 5 highlights that TB 
which is found and treated before cART initiation does not result in lower CD4 recovery. 
Suboptimal immune reconstitution is associated with a higher risk of death, AIDS and non-
AIDS related diseases [53-55]. The risk factors for these outcomes and those of developing 
TB are overlapping: low CD4 nadir, low body mass index and male sex [11, 56-58].

Even though the potential for TB to influence CD4 recovery negatively has been discussed 
widely, published data are conflicting.  TB diagnosed before cART initiation was associated 
with impaired immune reconstitution in South Africa [59], but not in Asia [60-61]. When 
analysing patients with prevalent and cART-associated TB together, a South African cohort 
reported no difference in immunologic outcomes [62], whereas an Italian cohort did [63]. 
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We and others have shown that TB diagnosed after cART initiation influences subsequent 
CD4 recovery negatively (Chapters 4 and 5) [64].

Explanations for impaired immune reconstitution due to cART-associated TB include 
higher levels of T cell activation leading to apoptosis or pyroptosis [65-69], or higher rates 
of virological failure or poor adherence to cART. Viral loads could be higher in patients with 
TB because of their associated lower CD4 count or because of the effect of active TB disease 
on HIV replication [70]. Our data did not allow analysis of viral suppression rates, but an 
Italian cohort found a longer time to achieve viral suppression on cART in patients who had 
TB within 6 months before or after cART initiation [63].

It is unclear whether the conflicting evidence on the effect of active TB on CD4 recovery is 
attributable to a differing categorisation of patients (by the timing of TB diagnosis, before 
or after cART initiation) or to new infections rather than unrecognised TB disease. Further 
research is needed to elucidate this, preferably in a large collection of cART cohorts with 
routine viral load monitoring in a high TB prevalent setting.

Our results imply that CD4 recovery over the ensuing 2 years is compromised if TB is not 
recognised before cART initiation, and that patients may have a higher risk for other op-
portunistic infections for a longer period of time. Our findings underscore the importance 
of TB screening and diagnosis in HIV-infected patients.

Diagnosis of active TB in HIV-infected people is difficult, as they may have an atypical 
clinical presentation or may even be asymptomatic (10-20% in various sub-Saharan Afri-
can settings) [71-74]. Also, their sputum smears are more often negative [75]. Moreover, 
Mycobacterium tuberculosis culture takes long and is unaffordable in many high TB-HIV 
co-prevalent settings. A recent meta-analysis demonstrated that the absence of the four 
main TB symptoms (current cough, fever, night sweats and weight loss) had a high negative 
predictive value of active TB, but that this was dependent on the prevalence of TB in the 
screened population [76]. Conversely, asymptomatic individuals have been shown to develop 
symptomatic disease by the time TB cultures results become available, therefore representing 
true active disease and not transient excretion of Mycobacterium tuberculosis [74, 77].

Therefore, developing new diagnostic tools for active tuberculosis disease which are afford-
able and available as a point-of-care service is a WHO research priority for TB-HIV in 
HIV-prevalent and resource-limited settings [78]. Fluorescence microscopy (FM) increases 
smear sensitivity by an average of 10% [79]. It is becoming more available in resource-poor 
settings, especially with the advent of light-emitting diode (LED)-based systems which en-
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able faster reading, do not require continuous power supply or a dark room, and have a 
longer lamp lifespan [80-81].

In December 2010, the WHO endorsed the use of the Xpert MTB/RIF device (on the 
GeneXpert platform). This is a fully automated system based on molecular detection of 
Mycobacterium tuberculosis with a turn-around time of under 2 hours, which also allows 
simultaneous detection of rifampicin resistance [82]. Sensitivity for smear-negative, culture-
positive TB is estimated at around 70% with a specificity of 99%, regardless of the HIV 
status of the TB suspect [83-85]. At a procurement price of 17,000 USD with cartridges 
costing 17 USD each (concessionary pricing), the Xpert MTB/RIF is not inexpensive [86]. 
Requirements such as stable power supply, annual calibration in France (at a cost of 1800 
USD including shipment), and deployment at temperatures below 30°C, make implementa-
tion in lower level rural health facilities challenging. However, by December 2011, 1675 
machines had been ordered by countries of the WHO African region, 60 of which were 
earmarked for Uganda [87].

Even if financial and logistical hurdles were overcome to allow roll-out of Xpert MTB/RIF 
to district level health facilities, it seems uncertain what the impact on case detection of 
TB would be. Depending on the clinical acumen of the health care worker, the proportion 
of smear-negative TB diagnosed and treated might not change considerably. As outlined 
in Chapter 7, in our setting it is uncertain whether the current proportion of 27% of TB 
suspects diagnosed with TB not on the basis of a positive sputum smear would increase with 
the availability of the Xpert MTB/RIF. Case detection would only be impacted if a health 
centre is currently only treating smear-positive cases, as is the standard in certain rural areas 
of Uganda. In contrast to other settings like South Africa, the role of Xpert MTB/RIF in 
detecting drug-resistance at the district level will be minimal, as currently only 1.1% of all 
new TB patients in Uganda are estimated to have multi-drug resistance (defined as resistance 
against isoniazid and rifampicin) [88].

An alternative diagnostic approach is lipoarabinomannan (LAM), a glycolipid of the cell 
wall of Mycobacterium tuberculosis, which is released on degradation of bacterial cells and ex-
creted in the urine. This antigen is very attractive as a diagnostic marker of active TB disease 
because of the ease of urine sample collection and storage, and because of lower infection 
control risks compared to sputum samples. These attributes would also make it an excellent 
point-of-care test, to be rolled out easily to rural health facilities with less laboratory require-
ments. However, sensitivity and specificity vary widely (13-93% and 87-99%, respectively), 
precluding current widespread use [89]. Interestingly, sensitivity in HIV-infected patients is 
higher (40–71%), with the highest sensitivity in patients with more advanced immunosup-
pression. There is also a high positivity rate in smear-negative cases, which suggests that 
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urinary LAM identifies a different subgroup of patients than sputum microscopy and could 
be used in parallel leading to a sensitivity comparable to that of the Xpert MTB/RIF in that 
specific population [90-91]. A current study into the role of LAM testing in patients with 
advanced HIV disease is ongoing at the IDI.

In the light of restricted funding, investing in costly new equipment should be compared 
with other interventions such as focusing on increasing early detection through community 
awareness and willingness-to-test. It is essential that cost-effectiveness analyses are performed 
to help national TB and HIV programmes to adequately prioritise TB control interventions 
[92-93].

IntegrAtIon of tb And HIV CAre

Despite the rationale for integrated service delivery, the supporting evidence is limited 
[94-95]. We showed that an integrated TB-HIV care model as used in IDI improved out-
comes of both TB (treatment outcomes) and HIV (cART initiation). Other reports have 
also shown a positive impact on default rates [96] and cART usage [97-98]. However, our 
data did not offer insight into a potential important drawback of integrated care, which 
is increased Mycobacterium tuberculosis transmission at the health facility [95]. We believe 
the creation of an outdoor waiting area and an outdoor TB-HIV clinic may have averted 
transmission compared to the situation prior to integration and improved infection control 
where co-infected patients shared crowded waiting areas with HIV-infected patients. This 
would need to be confirmed in additional research, however.

Our integrated care model was created by careful reorganisation of the health care delivery 
system in our clinic and required a minimal amount of resources. We believe that our model 
could be adapted to include HIV-uninfected patients and used in general outpatient clinic 
settings in sub-Saharan Africa. In our view, important prerequisites for such a model to work 
are a dedicated health care worker (or team) responsible for and providing care for both 
diseases, training, availability of supervision (possibly by distance-mentoring from a higher 
level health facility), and continuous quality control. Our ‘learning forms’ offered continu-
ous reinforcement of core treatment concepts but were quite laborious to complete, and 
would therefore need to be shortened and incorporated into the national health system tools.

Intensified case finding (ICF) is a focus point for the national TB and HIV programmes. 
In Chapter 7, we described the impact of the implementation of a TB screening method in 
our large HIV clinic. It led to a substantial increase in the numbers of TB suspects identified 
and in the costs associated with investigating them, but only a limited increase in newly 



147

Discussion

diagnosed TB cases. In addition, passive case finding still identified a large proportion of the 
TB suspects. The overall yield of TB cases found in our mature HIV clinic was low, raising 
the question how best to optimise ICF in a setting like ours. Research into the optimal 
frequency of screening and into targeted screening strategies for newly enrolled and experi-
enced patients is needed.

Chapter 7 further highlights the need for operational research on the implementation of the 
WHO’s core TB-HIV collaborative activities (the “3Is”) in sub-Saharan Africa, by identify-
ing challenges in implementing and up scaling interventions in programmatic settings. One 
challenge is to engage local policy makers in the research, preferably from the outset, with 
the aim to create involvement and a sense of ownership, as well as facilitate translation of 
research findings into policy and practice [99].

Barriers to improvement of care
Our findings in Chapters 6 and 7 prove that much can be achieved with little. With minimal 
resources and careful reorganisation of our large urban HIV clinic we were able to imple-
ment most of the WHO TB-HIV collaborative activities, and show associated improved TB 
and HIV treatment outcomes (Chapters 6 and 7). However, we identified important barriers 
to further improvement of care of TB-HIV co-infected individuals in Uganda.

For adequate disease control, a well-functioning health system should be in place consisting 
of at least the following elements: adequate numbers of skilled human resources; good physi-
cal infrastructure; efficient procurement and distribution of drugs and health commodities; 
regular, reliable and timely monitoring and evaluation of performance; quality controlled 
lab results; sound financial management and good leadership and stewardship [100-101]. 
HIV requires life-long treatment, and as such is quite akin to other chronic diseases as 
hypertension and diabetes. Chronic diseases and diseases with a complicated diagnosis or 
long treatment duration, such as TB, are more reliant on a strong health system than more 
acute conditions. The diagnosis and treatment continuum of TB in HIV-infected patients 
is depicted in Figure 1. Optimal TB control can only be achieved if all aspects are fully 
functional.

Many of the barriers we identified were the result of multiple compromised steps, and 
constrained human and financial resources. Adequately sensitive diagnostics are needed to 
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figure 1. The TB diagnosis and treatment continuum.
Note. cART, combination antiretroviral therapy; CPT, co-trimoxazole preventive therapy; FU, follow-up.
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identify TB patients correctly in order to achieve the goals of early diagnosis and infection 
control, and to enable the confident implementation of IPT. As described above, new diag-
nostic techniques have been developed, but these may be unaffordable for the health system 
within the current funding constraints. The high patient volume in our clinic complicated 
intensified case finding; individual screening of every patient attending the clinic was not 
feasible (Chapter 7). Additional human resources may become available by transferring tasks 
to lower-cadre health care workers.

Frequent drug stock-outs for both TB drugs and cART cause many patients to default TB 
treatment or to delay initiation of cART, respectively. In comparison with the national TB 
programme, the current HIV care system with earmarked cART “slots” by specific funding 
agencies does not allow patients to transfer to a HIV facility nearer to their home to access 
cART. This can lead to patients defaulting treatment or selecting for drug resistant HIV 
strains due to irregular cART intake. Switching towards a rifampicin-based continuation 
phase of TB treatment would potentially reduce TB failure and relapse rates [102-104].

Both TB and HIV are diseases that invoke stigma against people affected by them. Studies 
into stigmatisation in sub-Saharan Africa, including Uganda, report many common beliefs 
surrounding the causes of TB, including bewitchment, heavy labour, hereditary transmis-
sion and divine punishment [105-106]. The strong linkage between TB and HIV also causes 
stigmatisation of TB. The fear of HIV testing is an important reason to delay seeking care 
for TB symptoms [105]. Patients enrolled in our HIV clinic suffer from the stigma of TB, 
resulting in diagnostic delay and treatment incompliance [106]. Patients also fear negative 
attitudes of health care workers. In our experience, mainly lower-cadre health care workers in 
our HIV clinic are very hesitant to work at the TB clinic, despite numerous training sessions 
and a rotational system for capacity building of all health care workers.

The tackling of stigma is neglected and attracts little funding, but it is necessary to achieve 
a long-term successful response to the HIV epidemic [107]. There is a lack of research into 
stigma-reducing strategies and their effectiveness; however interventions at multiple levels 
seem essential. Empowering affected persons is an important first step, while trying to change 
community attitudes about the disease by interventions at the interpersonal, community 
and governmental level [106, 108].

In addition to earlier and more cART, the role of IPT to decrease the incidence of ac-
tive TB disease in addition to cART further should be considered. The preventive effect 
of IPT is only present in patients who are TST-positive [109-111], which is a huge barrier 
to implementation.  Blanket implementation of IPT for all HIV-infected people would be 
pragmatic, but is a trade-off between optimal treatment and feasibility. High rates of TB 
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after discontinuation of IPT are likely to be due to ongoing transmission and re-infection 
[111], and further complicate wide-scale implementation of IPT [112].

HIV And tb CAre In ugAndA: tHe wAy forwArd

Efforts should concentrate on finding HIV-infected patients, and in finding them earlier 
than at present. Only then can they access life-saving cART, lower their risk of TB and 
reduce transmission of both diseases [41].

HIV services
We propose the use of provider-initiated counselling and testing to be integrated into all 
health care facilities. In addition, community-based testing should be employed to reach 
other populations. Uganda’s village health teams (VHTs) are uniquely positioned to play a 
role, which needs to be explored. To enable linkage to HIV care, a point-of-care CD4 test 
would be helpful to determine cART eligibility on the spot. Community-based provision 
of co-trimoxazole could be added to other preventive measures already tasked to VHTs, 
such as insecticide treated bed nets for the prevention of malaria. Decentralisation of cART 
care should take place, and easy transfers between HIV or cART centres should be enabled. 
Pre-cART care should be organised to require as few visits to the health facility as possible. 
Home-based HIV treatment including cART might be an alternative, as has been shown in 
Tororo district [113].

It is essential that the drug ordering and stock management system be improved so as to 
prevent drug stock-outs and shortages of cART. Increased funding for the national cART 
programme, training of and task shifting to lower-cadre health care workers (making sure 
that those who take over tasks from others also are able to shift their tasks to someone else) 
should lead to an increase in timely cART initiation. Good monitoring and evaluation with 
continuous quality improvement will be key in this process.

TB services
Roll-out of LED-based fluorescence microscopy to all TB facilities would enable faster and 
more accurate TB diagnosis, provided its use is subject to continuous quality assurance and 
quality control procedures. The role of more sophisticated diagnostic technologies such as 
the Xpert MTB/RIF at the district level is yet to be defined. Symptom-based intensified TB 
case finding (ICF) should be implemented in all HIV care facilities, and could be performed 
by adequately trained lower-cadre health care workers (both in the community and in lower 
health facilities). TB suspects should be assured fast and accurate diagnostic services close to 
their home. As suggested above, treatment should be available in a nearby facility or even 
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at home [114]. A country-wide switch to a rifampicin-based continuation phase should be 
considered.

TB and HIV service delivery
It is essential that full HIV and TB care is accessible in the same clinic, preferably by the 
same clinician. Outpatient clinic days could be reorganised to institute dedicated TB-HIV 
clinics, where care for both diseases is done simultaneously. This would also facilitate in-
fection control. The appointment of a person responsible for TB-HIV integration at each 
health facility could streamline this process. Ongoing training by self-learning forms such as 
used in our integrated care facility will lead to better skilled health care workers and reduces 
the need for costly and time-consuming trainings elsewhere. Toll-free phone supervision 
facilities should be explored, as should scale-up of innovative adherence strategies such as 
short message service (SMS) reminders.

future reSeArCH PerSPeCtIVeS

Many questions remain unanswered. From the work presented in this thesis, we propose the 
following:

Antiretroviral therapy:
- How can we improve our health messaging and HIV testing strategies to get people to 

present for testing and care earlier?
- How can we utilise Uganda’s village health teams for decentralisation of HIV care?
- Can point-of-care CD4 testing increase linkage to HIV care after HIV testing in Uganda?
- Is the use of EFV associated with a higher risk of TB in patients presenting with very low 

CD4 counts? If so, what is the causative mechanism and how does it affect treatment 
guidelines?

TB screening:
- What is the impact of Xpert MTB/RIF on TB case detection rates?
- What is the role of urinary LAM testing for TB, especially in patients with advanced 

HIV disease?
- What is the cost-effectiveness of novel TB diagnostics compared to case detection with 

regular sputum microscopy, and to the scale-up of other TB control strategies?
- What is the cause of impaired CD4 count recovery in patients with a missed diagnosis of 

TB at cART initiation?
- How can we screen optimally for TB to identify a group of patients in whom it is safe to 

start IPT (with and without new diagnostic techniques)?
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Integration of care:
- How can integrated TB-HIV care be rolled out to lower health care facilities?
- Is an integrated TB-HIV care system cost-effective?
- Are nosocomial TB transmission rates increased in integrated TB-HIV care settings?
- Does integrated care with earlier cART initiation actually decrease TB incidence?
- How can ICF implementation be optimised in a large volume HIV clinic?
- How often should a stable HIV clinic population be screened for TB?
- What is the role of tuberculin skin testing in the roll-out of IPT? Should we invest in 

implementing TST before IPT or roll out IPT with use of current diagnostic methods 
(symptom screen)?

- What is the optimum duration or frequency of IPT in a high TB prevalent setting such 
as Uganda?

- Does a switch to a rifampicin-based continuation phase lead to increased rates of rifam-
picin resistance (and MDR)?

- How can stigma of TB be minimised in HIV-infected patients?

ConCluSIon

Over time, antiretroviral therapy has been successfully initiated at higher baseline CD4 
counts, leading to reduced mortality among HIV-infected patients at the Infectious Dis-
eases Institute. Quality of care has improved which is evidenced by additional mortality 
improvements, increased tuberculosis case finding, and high retention rates on antiretroviral 
therapy”. However, significant barriers to further improved outcomes are late presentation 
to care, limited antiretroviral therapy availability, shortage of health care workers and the 
absence of a comprehensive strategy to diagnose tuberculosis. Current tuberculosis screening 
approaches among HIV-infected patients require significant human resources and monetary 
investment, and need optimising. The role of novel diagnostics in such screening algorithms 
needs to be defined. Integration of care for both diseases is feasible, can be achieved with 
minimal resources, and leads to improved tuberculosis treatment outcomes and earlier 
initiation of antiretroviral therapy.
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IntroduCtIon

Sub-Saharan Africa carries the brunt of the human immunodeficiency virus (HIV) epi-
demic: it harbours 68% of the global burden of 34 million infected people. As a result of 
the increasing use of triple combination antiretroviral therapy (cART) the number of people 
dying from AIDS-related causes has decreased since 2005. The improved life expectancy 
after cART initiation is strongly correlated with the CD4+ T cell (CD4) count at start 
of cART. This has led to higher CD4 count thresholds for cART initiation in both the 
developed and the developing world. The World Health Organisation (WHO) raised the 
cART initiation CD4 count cut-off from 200 to 350 cells/mm3 in 2010. Using this most 
recent cut-off, an estimated 49% of eligible adults and children in sub-Saharan Africa are 
currently being treated with cART.

In HIV-infected individuals, tuberculosis (TB) occurs 20 to 30 times more often and is a 
leading cause of death. The advent of the HIV epidemic caused the incidence rates of TB 
to soar in the late nineties. In sub-Saharan Africa, over 50% of new TB cases occurred in 
people with HIV in 2010. Curative TB treatment consists of a prolonged course of antibiotic 
therapy which is identical for patients with and without HIV co-infection. Management of 
TB in HIV-infected patients is complicated due to a more difficult diagnosis, to overlapping 
toxicities and to drug interactions. The use of cART reduces the risk of TB by approximately 
70%.

With an estimated national HIV prevalence at around 6% and an annual TB incidence of 
200 per 100,000 inhabitants, Uganda is a high-burden country of both diseases. More than 
half of TB patients are also HIV infected. Uganda follows the WHO guidelines for diagnosis 
and treatment of HIV and TB. Free cART programmes are supported by several interna-
tional donors, and had an estimated coverage of 47% of all eligible Ugandans in 2010. The 
vast majority of patients are initiated on cART at very advanced disease stages, however. TB 
diagnostic facilities are substandard and TB case detection is therefore low, particularly in 
rural areas. TB and HIV services are still very siloed, patient referral mechanisms are lacking 
and cART initiation in TB patients is infrequent.

The Infectious Diseases Institute (IDI) is a Uganda-based non-governmental organisation 
(NGO), and is part of Makerere University College of Health Sciences. The adult infectious 
diseases clinic provides outpatient HIV care to around 15,000 patients. Treatment is free 
of charge and is based on the national guidelines. The IDI also undertakes a lot of research 
into HIV and its opportunistic infections, and trains African health care workers in optimal 
HIV management.
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The general objectives of this thesis were 1) to evaluate the current state of HIV and TB 
management and its effects on mortality and TB in an urban HIV care setting, and 2) to 
implement and evaluate ways to optimise care of co-infected patients. The HIV clinic at 
IDI, with a large representative urban HIV-infected population, was chosen as the research 
setting. This thesis is divided into three parts; Chapters 2 and 3 describe cART provision, 
mortality and the risk of TB at the IDI. In Chapters 3 and 4 we investigate the impact 
of cART-associated TB on subsequent CD4 count recovery. The implementation of an 
integrated TB-HIV care model and intensified TB case finding at the IDI are evaluated in 
Chapters 6 and 7.

AntIretroVIrAl tHerAPy

In Chapter 2 we report that the median CD4 counts at cART initiation increased from 82 
cells/mm3 in 2005 to 148 cells/mm3 in 2009 at the IDI. At the same time, mortality rates 
decreased by almost 50%. This was a result of sustained efforts to initiate cART at higher 
CD4 counts by improving adherence to national guidelines, by better training of medical of-
ficers, by initiating cART more quickly and by retaining HIV-positive, not yet cART-eligible 
patients in care. However, we found that the increased CD4 count at the start of cART did 
not lead to a reduction in post-cART TB incidence. This we attributed to the heightened 
awareness and improved case finding of TB in our clinic since 2008 (Chapter 6). Increased 
TB incidence notwithstanding, a later year of cART initiation was associated with reduced 
mortality independent of the higher baseline CD4 count, showing that incremental gains 
can be made by increasing quality of care.

Despite the increase in CD4 count at the start of cART, our clinic has not yet achieved the 
target of initiating all patients around or above the now standard cut-off of 350 cells/mm3. 
Barriers to increasing the median CD4 count at cART initiation further include patient 
delays in presenting for HIV care until the disease is far advanced, the lack of scale of the 
national cART programme, the inconsistent cART availability and the shortage of health 
care workers.

First-line cART in Uganda is standardised and consists of two nucleoside analogue reverse 
transcriptase inhibitors (NRTIs) and one non-nucleoside reverse transcriptase inhibitor 
(NNRTI), either efavirenz (EFV) or nevirapine (NVP). In Chapter 3 we reported an un-
expected higher risk of TB after initiation of cART containing EFV compared to NVP in 
patients with CD4 counts <100 cells/mm3. Correcting for the higher likelihood of prescrib-
ing EFV in patients suspected with but not proven to have TB made the association even 
stronger. Speculative explanations include EFV-induced lowering of vitamin D levels, which 
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recently have been shown to be temporally associated with higher rates of active TB disease 
in South Africa.

tb SCreenIng

Effective screening and treatment for TB in people with HIV is crucial to prevent early 
mortality due to cART-associated TB, which is defined as TB diagnosed after cART initia-
tion. In addition to higher mortality, we found that cART-associated TB also impairs CD4 
recovery on cART (Chapters 4 and 5). Furthermore, Chapter 5 highlights that TB which is 
found and treated before cART initiation does not result in lower CD4 recovery. Suboptimal 
immune reconstitution is associated with a higher risk of death, AIDS and non-AIDS related 
diseases. The risk factors for these outcomes and those for developing TB are overlapping: 
low CD4 nadir, low body mass index and male sex. Explanations for impaired immune 
reconstitution due to cART-associated TB include higher levels of T cell activation leading 
to apoptosis or pyroptosis, higher rates of virological failure and poor adherence to cART.

Our results imply that CD4 recovery over the ensuing 2 years is compromised if TB is not 
recognised before cART initiation, and that patients may have a higher risk for other op-
portunistic infections for a longer period of time. Our findings underscore the importance 
of TB screening and diagnosis in HIV-infected patients.

A number of promising new techniques for the diagnosis of TB have been developed; fluo-
rescence microscopy increases sensitivity of sputum smears, and is easier and faster; the Xpert 
MTB/RIF detects TB and rifampicin resistance within 2 hours using molecular technology; 
and a urine test for the TB antigen, lipoarabinomannan (LAM), seems particularly sensitive 
in patients with smear-negative TB. It is essential that cost-effectiveness analyses of these 
new techniques are performed to help national TB and HIV programmes to prioritise TB 
control interventions adequately.

IntegrAtIon of tb And HIV CAre

TB control programmes are highly standardised and vertical. The HIV care setting involves 
different funding institutions with various implementing partners, which has led to more 
diverse service delivery models which are more patient-centred. However, to implement 
the recommended TB-HIV collaborative activities fully, integration of health services for 
HIV and TB service delivery is needed. There is a lack of consensus on how to implement 
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integration as well as a lack of evidence on its effectiveness. There may also be drawbacks 
such as increased TB transmission.

In Chapter 6 we describe the implementation of an integrated TB and HIV clinic in Uganda. 
The outdoor location of this clinic with adequate natural ventilation and abundant UV light 
was chosen to reduce the risk of nosocomial TB transmission. In this clinic, one team of 
doctors, nurses and counsellors provide management of both diseases simultaneously. TB 
suspects are referred to the clinic for diagnosis and treatment of TB, after which they return 
to the general HIV clinic.

We showed that this integrated TB-HIV care model improved outcomes of both TB (treat-
ment outcomes) and HIV (cART initiation). However, our data did not offer insight into 
TB transmission. Our integrated care model was created by careful reorganisation of the 
health care delivery system in our clinic and required a minimal amount of resources. We 
believe that this model could be adapted to include HIV-uninfected patients and to be used 
in general outpatient clinic settings to improve care in sub-Saharan Africa.

Intensified case finding (ICF) is a focus point for the national TB and HIV programmes. In 
Chapter 7, we describe the impact of the implementation of a TB screening method in our 
large HIV clinic. Routine screening by a trained volunteer led to a substantial increase in the 
numbers of TB suspects identified and in the costs associated with investigating them, but 
only to a limited increase in newly diagnosed TB cases. In addition, passive case finding still 
identified a large proportion of the TB suspects. The overall yield of TB cases found in our 
“mature” HIV clinic was low, raising the question how best to optimise ICF in a setting like 
ours. Research into the optimal frequency of screening and into targeted screening strategies 
for newly enrolled and experienced patients is needed.

Many of the barriers to further improvement of care of TB-HIV co-infected individuals 
in Uganda are the result of a compromised health system. Chronic diseases and diseases 
with a complicated diagnosis or a long treatment duration, such as HIV and TB, are more 
reliant on a strong health system than more acute conditions. The diagnosis and treatment 
continuum of TB in HIV-infected patients is long, and many barriers we identified are due 
to multiple compromised steps in this continuum. Lack of resources leads to suboptimal 
diagnosis and to shortages of medication and health care workers. The current HIV care 
system with earmarked cART “slots” by specific funding agencies does not allow patients 
to transfer to a HIV facility nearer to their home to access cART. This may lead to patients 
defaulting treatment or selecting for drug resistant HIV strains due to irregular cART intake. 
Lastly, stigma of HIV or TB is an important reason to delay seeking care for TB symptoms.
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ConCluSIon

Over time, antiretroviral therapy has been successfully initiated at higher baseline CD4 
counts, leading to reduced mortality among HIV-infected patients at the Infectious Diseases 
Institute. Quality of care has improved which is evidenced by additional mortality improve-
ments, increased tuberculosis case finding, and high retention rates on antiretroviral therapy. 
However, significant barriers to further improved outcomes are late presentation to care, 
limited antiretroviral therapy availability, shortage of health care workers and the absence of a 
comprehensive strategy to diagnose tuberculosis. Current tuberculosis screening approaches 
among HIV-infected patients require significant human resource and monetary investment, 
and need optimising. The role of novel diagnostics in such screening algorithms needs to 
be defined. Integration of care for both diseases is feasible, can be achieved with minimal 
resources, and leads to improved tuberculosis treatment outcomes and earlier initiation of 
antiretroviral therapy.
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Nederlandse samenvatting

Inleiding
Afrika bezuiden de Sahara is het gebied dat het zwaarst getroffen is door de human immuno-
deficiency virus (HIV)-epidemie: hier woont 68% van de 34 miljoen mensen die wereldwijd 
met HIV besmet zijn. Dankzij de toename van het gebruik van de zogeheten drievoudige 
antiretrovirale combinatietherapie (highly active antiretroviral therapy of HAART) neemt 
sinds 2005 de sterfte onder HIV-geïnfecteerden af. De verbeterde levensverwachting bij 
het gebruik van HAART is echter sterk gecorreleerd aan de hoogte van het aantal CD4+ 
T (CD4)-cellen bij aanvang van deze therapie. Dit heeft ertoe geleid dat steeds hogere 
aantallen CD4-cellen als ondergrens genomen worden voor het starten van HAART. De 
Wereldgezondheidsorganisatie (World Health Organisation, WHO) heeft de grenswaarde 
recentelijk van 200 naar 350 cellen/mm3 verhoogd. Van de mensen in Afrika bezuiden de 
Sahara die, uitgaande van deze ondergrens, in aanmerking komen voor HAART, wordt 
ongeveer 49% daadwerkelijk behandeld.

Tuberculose (TBC) komt 20 tot 30 keer vaker voor bij met HIV geïnfecteerde mensen en 
zorgt voor aanzienlijke sterfte. Na een jarenlange daling van het aantal TBC-gevallen heeft 
de HIV-epidemie eind jaren negentig de TBC-incidentie (het aantal nieuwe gevallen) weer 
doen stijgen. In Afrika bezuiden de Sahara is meer dan 50% van alle TBC-patiënten ook 
besmet met HIV. TBC is te genezen door een langdurige combinatietherapie, die identiek is 
voor patienten met en zonder HIV-co-infectie. De behandeling wordt echter gecompliceerd 
door een lastigere diagnostiek en een overlap van bijwerkingen van en interacties tussen de 
HIV- en TBC- medicatie. Daarnaast vermindert het gebruik van HAART de kans op het 
optreden van actieve TBC met ongeveer 70%.

In Oeganda is ongeveer 6% van de bevolking geïnfecteerd met HIV; jaarlijks krijgen circa 
200 per 100,000 mensen er TBC. Ruim de helft van de TBC-patiënten (54%) is ook met 
HIV besmet. Daarmee is Oeganda een hoog-prevalent land voor beide ziekten. Oeganda 
volgt de WHO-richtlijnen voor diagnose en behandeling van HIV en TBC. Dankzij de 
steun van (inter-)nationale donoren wordt HAART door diverse instanties kosteloos ver-
strekt; ongeveer 47% van HIV-geïnfecteerden die in aanmerking komen voor HAART kreeg 
die behandeling ook daadwerkelijk in 2010. Het merendeel van de patiënten begint de 
therapie bij CD4-cel-aantallen die ver onder de grenswaarde van 350 cellen/mm3 liggen. 
De voorzieningen voor de diagnostiek van TBC in Oeganda zijn ondermaats: slechts een 
fractie van de patiënten met TBC-symptomen wordt daadwerkelijk op deze ziekte onder-
zocht. De volgens de WHO te implementeren TBC-HIV-collaboratieve activiteiten, zoals 
TBC-screening bij HIV-geïnfecteerden en isoniazide-preventieve therapie, staan nog in de 
kinderschoenen.
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Het Infectious Diseases Institute (IDI) is een grote HIV-kliniek in Kampala, de hoofdstad 
van Oeganda, die HIV-zorg levert aan ongeveer 15.000 patiënten. De zorg is gratis, en 
volgens de nationale richtlijnen. Daarnaast doet het instituut veel (operationeel) onderzoek 
naar HIV en opportunistische infecties, en verzorgt het trainingen voor Afrikaanse gezond-
heidszorgmedewerkers ter verbetering van de HIV-zorg.

Met dit promotieonderzoek beoogden wij de huidige stand van de HIV- en TBC-zorg 
in het IDI te evalueren, evenals het effect op de sterfte, de TBC-incidentie en de HIV-
behandelingsresultaten te bestuderen. Ook wilden wij onderzoeken hoe de levering van zorg 
voor patiënten met beide infecties in de huidige context van de Oegandese gezondheidszorg 
verbeterd kan worden. Dit proefschrift is onderverdeeld in drie delen: in Hoofdstuk 2 en 
3 beschrijven we de stand van zaken tijdens het begin van HAART, omtrent het risico op 
overlijden, en omtrent TBC binnen het IDI. In Hoofdstuk 4 en 5 gaan we dieper in op 
de consequenties wanneer de diagnose van TBC gesteld wordt na het begin van HAART. 
Tot slot beschrijven we in Hoofdstuk 6 en 7 de implementatie en de resultaten van een 
geïntegreerd TBC-HIV-zorgmodel en TBC-screening bij het IDI.

AntIretroVIrAle tHerAPIe

In Hoofdstuk 2 laten we zien dat het mediane aantal CD4-cellen bij aanvang van HAART 
in het IDI omhoog is gegaan van 82 cellen/mm3 in 2005 tot 148 cellen/mm3 in 2009. Tege-
lijkertijd is de mortaliteit met ongeveer 50% gedaald. Dit was het gevolg van voortdurende 
pogingen om HAART eerder te starten, door voorschrijvende artsen beter te trainen, door 
snellere startprocedures in te stellen en door pre-HAART patiënten in de zorg te behouden. 
Een daarmee geassocieerde verwachte daling van het aantal TBC-gevallen bij het IDI werd 
echter niet vastgesteld; als oorzaak hiervan vermoedden wij de toegenomen aandacht voor 
TBC bij IDI-patiënten sinds de oprichting van een aparte TBC-HIV-kliniek in 2008 (zie 
Hoofdstuk 6).

Ondanks de stijging van de aantallen CD4-cellen bij het begin van HAART, lagen deze nog 
altijd ver onder de (inter-)nationale ondergrens van 350 cellen/mm3, die nodig zou zijn om 
sterfte en ziekten verder terug te dringen. Een aantal oorzaken verhindert dat HAART nog 
eerder gestart kan worden: onder andere het pas in een laat stadium van de ziekte presenteren 
van patiënten, een tekort aan antiretrovirale medicatie, het niet consequent beschikbaar zijn 
van HAART en een gebrek aan medisch personeel.

De standaard-HAART-behandeling in Oeganda bestaat uit twee nucleoside analoge reverse 
transcriptase-remmers (NRTI’s) en één non-nucleoside reverse transcriptase-remmer 
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(NNRTI), ofwel efavirenz (EFV) of nevirapine (NVP). In Hoofdstuk 3 beschrijven we dat 
het gebruik van EFV bij patiënten met zeer lage aantallen CD4-cellen gecorreleerd was met 
een hoger risico op het ontwikkelen van actieve TBC na aanvang van HAART. Dit effect 
was onverwacht. Het bleef ook bestaan na correctie voor de hogere kans dat artsen patiënten, 
die ze verdenken van TBC, EFV voorschrijven. Verklaringen voor deze bevindingen zijn 
speculatief maar omvatten, onder andere, een hoger TBC-risico door een EFV-geïnduceerde 
verlaging van de vitamine-D-spiegel.

tuberCuloSe-SCreenIng

Effectieve screening op en behandeling van TBC in HIV-geïnfecteerden is essentieel om 
vroege sterfte na aanvang van HAART te voorkomen. HAART-geassocieerde TBC is gede-
finieerd als TBC die na aanvang van HAART is opgetreden. Naast een hogere mortaliteit 
vonden wij een bijkomend negatief effect van HAART-geassocieerde TBC, namelijk een 
verminderd CD4-herstel (zie Hoofdstuk 4 en 5). Hoofdstuk 5 laat verder zien dat dit 
verminderde herstel niet optrad in patiënten bij wie de diagnose van TBC plaatsvond vóór 
aanvang van HAART. Suboptimale immuunreconstitutie is geassocieerd met een hoger 
risico op mortaliteit en op AIDS- en non-AIDS-gerelateerde ziekten. De risicofactoren voor 
een suboptimale CD4-respons overlappen met die voor TBC: een laag aantal CD4-cellen bij 
het starten van HAART, een lage body mass index (BMI) en het behoren tot het mannelijk 
geslacht.

Verklaringen voor het verminderde CD4-herstel in patiënten met HAART-geassocieerde 
TBC zijn onder andere: een hogere mate van T-cel-activatie, die door celdood tot afbraak van 
CD4-cellen zou leiden, meer virologisch falen of een slechtere therapietrouw op HAART.

Onze bevindingen in Hoofdstuk 4 en 5 suggereren dat CD4-herstel gedurende de eerste 
twee jaren van HAART lager is als TBC niet ontdekt wordt vóór het begin van HAART. 
Deze verminderde herstel van de afweer zou tot gevolg kunnen hebben dat de betreffende 
patiënten gedurende een langere periode een hoog risico voor opportunistische infecties 
blijven houden. De gevonden resultaten benadrukken dan ook het belang van screening op 
en diagnose van TBC vóór aanvang van HAART.

Er zijn een aantal veelbelovende nieuwe diagnostische technieken voor de diagnose van TBC: 
fluorescentie-microscopie, waarmee sputum-onderzoek sneller en gemakkelijker wordt; de 
Xpert MTB/RIF, een moleculaire techniek die binnen enkele uren TBC en rifampicine-
resistentie kan aantonen; en lipoarabinomannan (LAM), een urine-antigeen-test die met 
name sensitief lijkt te zijn in geco-infecteerde patiënten waarbij geen TBC in het sputum 
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kan worden aangetoond. Van deze technieken zal de kosteneffectiviteit in vergelijking met 
andere maatregelen ter verbetering van de TBC-zorg goed onderzocht moeten worden.

IntegrAtIe VAn tbC- en HIV-zorg

Van oudsher is de behandeling van TBC in hoge mate gestandaardiseerd en ondergebracht 
in verticaal georganiseerde nationale programma’s. HIV-zorg daarentegen is gefinancieerd en 
geïmplementeerd door verschillende partners met meer patiënt-georiënteerde zorg-modellen. 
Om optimale zorg voor beide infecties te leveren, adviseert de WHO om samenwerking 
tussen en integratie van beide zorgstelsels te verwezenlijken. Er is echter geen consensus over 
hoe dit het beste kan worden bereikt. Bovendien ontbreekt het aan wetenschappelijk bewijs 
dat een dergelijke aanpak effectief is.

In Hoofdstuk 6 beschrijven we de geïntegreerde TBC-HIV-kliniek die in december 2008 
is opgericht in het IDI. Ter voorkoming van transmissie van TBC bevindt deze kliniek zich 
in de buitenlucht, waar ventilatie en UV-licht in ruime mate aanwezig zijn. Eén team van 
artsen, verpleegkundigen en consulenten levert er de zorg voor beide ziekten tegelijkertijd. 
IDI-patiënten bij wie TBC vermoed wordt, worden naar de TBC-HIV-kliniek verwezen 
voor diagnostiek en behandeling, waarna zij weer terugkeren naar de algemene HIV-kliniek.

We hebben aangetoond dat deze aanpak leidde tot een toename van het aantal patiënten dat 
de TBC-behandeling afmaakt en tot een verkorting van de tijd tot het begin van HAART 
in deze kwetsbare patiëntenpopulatie. Door het gebrek aan onderzoeksmiddelen konden 
wij de onderlinge overdracht van TBC niet onderzoeken. De TBC-HIV-kliniek kwam tot 
stand door een zorgvuldige reorganisatie van de zorg en met een minimum aan additionele 
kosten. Implementatie van dit zorgmodel, aangepast aan de lokale situatie, kan naar onze 
mening bijdragen aan verbetering van de zorg in Oeganda en in de rest van Afrika bezuiden 
de Sahara.

TBC-screening van HIV-geïnfecteerden is één van de belangrijkste collaboratieve activiteiten 
van de WHO om de ziektelast van TBC bij HIV te verminderen. De Oegandese HIV- en 
TBC-programma’s adviseren om HIV-geïnfecteerden bij elk bezoek aan een HIV-kliniek te 
screenen op symptomen van TBC. In Hoofstuk 7 beschrijven we de ervaringen en resultaten 
van de implementatie van een dergelijk systeem bij het IDI. Routinematige screening door 
een getrainde vrijwilliger resulteerde in een sterke toename van het aantal van TBC verdachte 
patiënten en van de kosten om deze patiënten te onderzoeken. De toename van het aantal 
daadwerkelijk ontdekte TBC-gevallen was echter veel kleiner. Bovendien werd een groot 
gedeelte van de van TBC verdachte patiënten op de traditionele manier geïdentificeerd, 
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namelijk door verwijzing door een arts of verpleegkundige. Het totale aantal ontdekte TBC-
gevallen in onze HIV-kliniek was lager dan verwacht. Dit is mogelijk te verklaren door het 
feit dat de meerderheid van onze HIV-patiënten al langer onder behandeling is en derhalve 
een lager risico op opportunistische infecties zoals TBC heeft. Onderzoek is nodig naar 
de optimale screeningsstrategie in langer bestaande HIV-klinieken met, indien mogelijk, 
gerichte screening van nieuwe en reeds onder behandeling zijnde patiënten.

Aan veel hindernissen voor een verdere verbetering van TBC- en HIV-zorg in Oeganda 
ligt een gebrekkig gezondheidszorgstelsel ten grondslag. Chronische ziekten en ziekten met 
een gecompliceerde diagnose en een lang behandelingstraject, zoals HIV en TBC, vereisen 
een robuuster gezondheidszorgsysteem dan acute ziekten. Het diagnose-behandelings-
continuum van de co-infectie is lang, en veel geïdentificeerde problemen zijn het gevolg van 
het gezamenlijk falen van meerdere stappen in dit continuüm. De beperkte beschikbaarheid 
van financiële middelen leidt tot suboptimale diagnostiek en tot tekorten aan medicatie en 
gezondheidszorgmedewerkers. Het huidige systeem van kliniek-specifieke HAART-behan-
delplekken maakt overstappen naar een kliniek dichter bij huis onmogelijk. Dit leidt tot 
verzuim van afspraken, onregelmatige inname van medicatie en kans op resistentieontwik-
keling. Tot slot leidt het stigma voor TBC of HIV ertoe dat patiënten pas in een laat stadium 
medische hulp zoeken.

ConCluSIe

In de afgelopen jaren is bij HIV-geïnfecteerden in het Infectious Diseases Institute bij 
steeds hogere aantallen CD4-cellen gestart met antiretrovirale therapie. Dit heeft geleid tot 
een gedaalde sterfte. Dit was sterker dan mag worden verwacht op grond van het hogere 
CD4-cel aantal bij starten van HAART. De bijkomende daling mag worden toegeschreven 
aan toegenomen kwaliteit van de zorg, verbeterde opsporing van tuberculose en een hoge 
retentie op antiretrovirale therapie. Er zijn echter substantiële hindernissen die een verdere 
toename van het CD4-cel-aantal bij aanvang van de therapie en een verdere verbetering 
van de HIV-zorg in de weg staan. Dit zijn, onder andere, het pas in een laat stadium van de 
ziekte presenteren van patiënten, de beperkte en onregelmatige beschikbaarheid van antire-
trovirale medicatie, het tekort aan gezondheidszorgmedewerkers en het ontbreken van een 
alomvattende strategie voor de diagnose van tuberculose in HIV-geïnfecteerden. De huidige 
screeningsmethoden voor tuberculose gaan gepaard met hoge (personeels-)kosten en een 
lage opbrengst, en dienen te worden geoptimaliseerd. Van nieuwe diagnostische technieken 
dient de plaats in het screeningsalgoritme en de kosteneffectiviteit vastgesteld te worden. 
Integratie van de zorg voor beide ziekten is haalbaar, en bereikbaar met weinig extra mid-
delen. Een daarop gebaseerd zorgmodel leidt tot verbeterde uitkomsten in de behandeling 
van tuberculose en een snellere start van antiretrovirale therapie.
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