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Abstract 

Background. Tuberculosis (TB) remains a major global health problem, and WHO central Africa 
region continues to bear the heaviest disease burden. Identifying and mapping high TB and MDR-
TB burden areas for targeted public health interventions was our objective. Methods. A region-wide 
eco-epidemiological study and a desk-review carried out with the use of medical records from TB 
diagnosis and care units in 12 health facilities located across the capital Libreville, Republic of Gabon, 
from January 1st through December 2022. Libreville is the region that bears the heaviest TB burden 
in Gabon. With the collaboration of the Agency for Space Studies and Observations (AGEOS, Gabon), 
collected data were transferred to and analyzed using Q.GIS software in order to develop satellite 
images. Results. In Libreville health region, there were 4,560 cases diagnosed in 2022, representing 
77.9% of all cases in the country, with an annual incidence of 509 per 100,000. Spatial mapping of 
incident cases by county of residence showed that a large majority of the TB cases diagnosed at CHUL 
care center in 2022 were from Nzeng-Ayong (range: 36 -50 cases) and Owendo (26-35 cases), whereas 
higher TB incidence at Nkembo care center was at Nzeng-Ayong (range: 356-455 cases), Owendo 
(256-355 cases), followed by Nkembo, Akebe ville, Akebe Baraka, Akebe Plaine/plateau, Angondje, 
Angondje village, Charbonnages, Bikele, Pk11, Pk12, Pk9, Mindoube I, Mindoube II (66-255 cases), 
Sotega and Nkok (46-65 cases). Other counties accounted for less than 45 TB cases. Considering MDR-
TB cases, higher incidence was observed at Pk9 county, which accounted for 6 cases (14.6%), followed 
by Owendo, 4 (9.7%). Discussion. Findings suggest that Nzeng-Ayong and Owendo were high TB 
burden counties in Libreville in 2022, whereas Pk9 and Owendo counties were counties categorized 
as hotspots for MDR-TB. They should be subject to targeted to public health interventions in order to 
enhance TB control in Libreville. 
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1. Introduction 

Tuberculosis (TB), a preventable infectious disease caused by M. tuberculosis, remains a major 
global health problem in Sub-Saharan Africa region (SSA). Prior to coronavirus disease 2019 (COVID-
19) pandemic, TB has been the leading cause of death from a single infectious agent [1]. In addition, 
a more recent report from the World Health Organization (WHO), covering more than 99% of the 
world’s population, stipulated that TB ranked second among leading causes of death from a single 
infectious agent in the year 2022 [2]. Although some regions of the world have achieved substantial 
reduction of TB burden, the disease morbidity has increased in developing countries. According to 
the WHO, TB mortality was 1.6 million in 2022, whereas its prevalence was 10.6 million worldwide, 
with an increase of over 4% as compared with the previous year [3,4].  

Because of the HIV pandemic, poverty, the movement of displaced people and the emergence 
of multi-drug-resistant strains, tuberculosis remains an enormous public health problem in 
developing countries. Moreover, a previous study showed that in most developing countries, HIV 
pandemics, diabetes, malnutrition, alcoholism, smoking, contact with active TB, extreme poverty and 
homelessness are common risk factors identified in relation to TB [8]. Tuberculosis has been identified 
as an important cause of morbidity and mortality in Gabon. 

In the Republic of Gabon, TB remains a major public health challenge, with Libreville, the capital 
town, bearing the heaviest burden in the country. Despite international support by the Global Fund, 
the Gabonese National Tuberculosis Program (NTP) faces various challenges, including low TB 
detection and low treatment success rates. In 2021, TB detection rate was 42% and the treatment 
success rate was 57%. Moreover, the HIV positive rate among TB patients was 29%; however, 
according to the 2022 national TB program of Gabon (NTP) annual report, only one third of TB 
patients have undergone HIV testing [5].  

A prospective, cross-sectional study on the prevalence of Pulmonary Tuberculosis and 
Associated Factors among Patients Admitted in the biomedical analysis laboratory of the Amissa 
Bongo University Hospital Center in Franceville in Gabon showed an overall prevalence rate of 
31.72% (98) among 309 patients. The results of the study showed that the prevalence of pulmonary 
tuberculosis was greatest among males in Franceville and the surrounding area. There were 40 
women or 40.82% (95% CI: [0.30 - 0.51]) and 58 men or 59.18% (95% CI: [0.48 - 0.69]). Concerning the 
risk factors, the 15 - 49 age group, fever, alcohol consumption, smoking, HIV infection, chest pain, 
night sweats and cough were significant for pulmonary tuberculosis. Consequently, screening for 
tuberculosis in HIV-positive patients, public awareness and community mobilization should be 
encouraged This study was conducted of the Amissa Bongo Regional University Hospital in 
Franceville from 19 June 2021 to 22 January 2022 [6]. 

Given the fact that 78% of Gabonese cases were detected in Libreville in 2022, it seemed to be 
worthful to analyze the spatial distribution and identify the hotspots. Spatial epidemiological studies 
are increasingly recognized as critical tools for enhancing tuberculosis (TB) program management. 

The spatial epidemiology in Tb control can help to identifying geographic hotspots and enabling 
targeted intervention in areas with the greatest need. Detecting emerging hotspots can trigger rapid 
response mechanisms. This helps also to understanding transmission dynamics as tuberculosis often 
spread within household or communities, leading to heterogeneous spatial patterns. By mapping TB 
burden, health authorities can optimize the placement of diagnostic centers, treatment facilities, and 
outreach programs. Spatial tools allow for real-time surveillance and trend analysis, helping 
programs assess the impact of interventions over time. Spatial data can reveal inequities in healthcare 
access, such as underserved rural or peri-urban areas, guiding efforts to improve universal health 
coverage. Instead of one-size-fits-all approaches, spatial epidemiology supports precision public 
health.  

It is why the epidemiological surveillance advances search strategies for respiratory symptoms, 
not only at home but also in social spaces. Spatial analysis, which considers the time and space of 
diseases, is a useful tool for epidemiological surveillance. [7].  
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The question was to know if the tuberculosis cases are homogenously disseminated in Libreville, 
or they are clustered in some areas. This work aimed to represent the geographical distribution of 
incident TB cases occurring in Libreville 2022, and MDR-TB cases as well, and identify hotspots areas 
to inform targeted interventions. 

2. Methods 

2.1. Design and Settings 

This was a descriptive cross-sectional and eco-epidemiological study conducted in Libreville, 
the capital town of the Republic of Gabon. Gabon has an estimated population of 2,344,720 as of 2022. 

In the Gabonese health system, the country is divided into 10 Health Regions, including 
Libreville (LBV), Ouest, Sud-Est, Centre, Centre-Sud, Sud, Est, Centre-Est, Maritime and Nord region. 
Libreville is the most populous province, accounting of 44% (1,029,977 inhabitants) of the entire 
country population. 

Libreville is known as the Health Region with highest TB burden in Gabon. This region had 
detected almost 78% of all Gabonese tuberculosis cases in 2022. Thus, it was selected as the study site. 
The study covers all new susceptible TB and multidrug-resistant TB (MDR-TB) cases diagnosed in 
Libreville from January1st through December 2022.  

The Libreville Health Region had 12 TB diagnosis and care centers located in hospitals and 
clinics, namely Nkembo, Hiaobo, HIAA, CHUL, CTA CHUL, PCL, CTA Nkembo, Chumje, PLIST, 
Nvolane, CS Nzeng-Ayong, and Clinique Privee Pasteur. Almost 98% of tuberculosis cases recorded 
in Libreville in 2022 were detected in Nkembo and CHUL health centers. Thus, they were selected as 
the study sites. 

2.2. Ethical Consideration, Data Collection and Analysis 

All data used in this study are from TB monitoring and surveillance in Gabon; they are 
anonymous. Thus, informed consent was not required. Study data consisted in medical records from 
TB treatment centers located at selected health facilities in Libreville.  

Ten M&E staff from the NTP were briefed on data collection. Collected data were scanned, then 
transcribed in prepared excel sheet to create the study database which is available at the Tuberculosis 
National Programme, Monitoring and evaluation department. Only the 2022 period data coming 
from Nkembo and CHUL health centers were included in the study.  

TB incidence was calculated for the year 2022 at national and regional (Libreville) levels. 
Furthermore, data were transferred to and analyzed with the use of Q.GIS software (The Ingenuity 
Centre, Global Geo-Intelligence Solutions Ltd., University of Nottingham), with the technical support 
of the Gabonese Agency for Space Studies and Observations (AGEOS). Satellite images were 
developed with the use of a geographic information model.  

3. Results 

3.1. Incidence of Tuberculosis in the Republic of Gabon and Libreville in the Year 2022 

Figure 1 shows the distribution of TB cases nation-wide and in Libreville in the year 2022. At 
national level, there were 5,850 TB cases diagnosed, for an annual incidence of 509 per 100,000. In 
Libreville-Owendo health region, there were 4,560 cases diagnosed in 2022, representing 77.9% of all 
cases. The remaining 290 TB cases (22.1%) were diagnosed in the other Gabonese Health Regions 
(Figure 1). In Libreville, markedly higher number of new TB cases was observed at Nkembo diagnosis 
and care center, 4,309 out of 4,560 cases (94.5%); followed by CHUL, 157 cases (3.4%) and Hiaobo, 76 
cases (1.7%). Other TB diagnosis and care centers of the capital town accounted for less than 50 cases, 
including HIAA, PCL, CTA Nkembo, Nvolane, CS Nzeng-Ayong, etc. (Figure 2).  
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Figure 1. Nationwide distribution of tuberculosis (TB) in Gabon in the year 2022 by health region. Legend: LBV-
O, Libreville-Owendo; TB, tuberculosis; CHUL, University Hospital of Libreville. 

 

Figure 2. Distribution of TB cases in Libreville in the year 2022 by treatment center. 

Furthermore, given that approximately 98% of TB cases reported in Libreville in the year 2022 
were diagnosed at two health settings that organized TB services, namely Nkembo and CHUL, only 
those data (cases) were considered and analyzed using Q.GIS software. The latter was used to 
produce the geographical distribution of TB and MDR-TB cases according by county of residence of 
the patients. 

3.2. Spatial Distribution of TB Cases Diagnosed in 2022 in Libreville 

Spatial mapping of incident cases by county of residence showed that a large majority of the TB 
cases diagnosed at CHUL care center in 2022 were from Nzeng-Ayong county (range: 36 -50 cases) 
and Owendo (range: 26-35 cases) (Figure 3); other TB cases originated from counties having less that 
accounted for less than 26 cases of patients who visited CHUL care center, such as Bikele, Bissegue-
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Pk8, Akebe Ville, Akebe Baraka, Ozangue, Sotega, Plaine-Orety, Charbonnages, Angondje, Angondje 
village, etc. 

 
Figure 3. Spatial distribution of Tuberculosis (TB) cases diagnosed at CHUL care center in the year 2022 by 
county of residence. 

When considering TB cases diagnosed at Nkembo care center, markedly higher number of TB 
patients were from Nzeng-Ayong county (range: 356-455 cases), Owendo (range: 256-355 cases), 
followed by Nkembo county, Akebe ville, Akebe Baraka, Akebe Plaine/plateau, Angondje, Angondje 
village, Charbonnages, Bikele, Pk11, Pk12, Pk9, Mindoube I, Mindoube II (66-255 cases), Sotega and 
Nkok (46-65 cases). Other counties accounted for less than 45 TB cases, (Figures 4 and 5).  

 

Figure 4. Spatial distribution of Tuberculosis (TB) cases diagnosed at Nkembo care center in the year 2022 by 
county of residence. 
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Figure 5. Spatial distribution of all Tuberculosis (TB) cases diagnosed at CHUL and Nkembo care centers in the 
year 2022 by county of residence. 

3.3. Distribution of Multi-Drug-Resistant Tuberculosis Cases in Libreville in 2022 

Of all 66 newly diagnosed MDR-TB cases nationwide in 2022, Libreville accounted for 62.1% (41 
cases) of them, for an annual incidence of 26.7 per 100,000. The mapping of all cases from Libreville 
showed that a relatively higher number of MDR-TB cases were from Pk9 county, which accounted 
for 14.6% (6 cases) of the cases, followed by Owendo, 9.7% (4 cases). The other counties of the capital 
Libreville accounted for less than 4 MDR-TB cases, including Nzeng-Ayong, Charbonnages as shown 
in Figure 6. 

 
Figure 6. Spatial distribution of multi-drug-resistant Tuberculosis (MDR-TB) cases diagnosed in Libreville in the 
year 2022 by county of residence. 
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4. Discussion  

Findings 

This work searched to identify high disease burden areas and perform the spatial mapping of 
TB and MDR-TB cases diagnosed in 2022 in Libreville, Republic of Gabon, in order to enhance 
national strategies for TB control. It was observed that the capital Libreville had the highest number 
of new TB cases; and most of the cases were diagnosed at Nkembo and CHUL treatment centers. 
Geographically, new susceptible TB cases were highly concentrated at Nzeng-Ayong and Owendo 
counties.  

The work showed also that the majority of TB-MDR were from Pk9 county and Owendo. The 
emergence of MDR-TB hampers the efforts to control TB [6], particularly in TB endemic countries 
such as those in the WHO central Africa subregion, including the Republic of Gabon. 

The Republic of Gabon is known as one of the high-burden countries not only for TB but also 
for MDR-TB, which has triggered efforts to establish both molecular surveillance and clinical care 
capacity nationwide in recent years [8–10]. In Gabon, resistance to Rifampicin has been estimated to 
be 33% among newly infected patients [11]. Other previous studies have shown that resistance to 
fluoroquinolone medication is due to gyrase (gyrA) mutations in this central African country. The 
presence of gyrA mutations in a TB patient helps to predict not only the presence, but also the level 
of fluoroquinolone resistance, which allows care givers to adapt the drug regimen to Mycobacterium 
tuberculosis strain that causes individual infection [12]. 

Our study showed that Libreville had the highest MDR-TB incidence in 2022. The distribution 
of new MDR-TB cases within Libreville in 2022 according to area of residence showed that most cases 
were from Pk9, followed by Owendo, Nzeng-Ayong and Charbonnages counties.  

A nationwide retrospective study that analyzed aggregate TB data (2014-2021) in Gabon showed 
high prevalence of MDR-TB, and most patients were young (25-35 years) [13] Another study by 
Assiana and colleagues [14] in 2020, showed a relatively high MDR-TB prevalence of 379 cases per 
100,000 in the Gabonese population.  

Explaining Factors 

According to the programme review report organized in 2020, Gabon was among the two 
countries with the highest tuberculosis incidence in the Central Africa subregion. But the 
programmatic performance was low as seen above.  

This study case in Libreville is showing the limited decentralization of tuberculosis program 
since 98% of patients are caring by the two health facilities. The report mentioned that Libreville had 
only four (4) tuberculosis diagnostic and treatment centers for near than 1 million inhabitants. This 
means that 250,000 individuals covered by health center. It is too high since WHO was recommending 
50000-100000 by health facility. The small number of tuberculosis health facilities and the hospital 
centric health system in Gabon are the factors explaining why the patients residing in Nzeng Ayong, 
Owendo and PK9 were obliged to come to Nkembo and CHUL health centers to reach out 
tuberculosis care. 

Giving the socio-determinants factors in Gabon, the WHO Global report identified four factors 
which were HIV, alcohol use disorders, undernutrition and diabetes in total of 6310 new tuberculosis 
cases in 2022. From them, HIV was accounting for more than half new tuberculosis cases (3600) 
followed by alcohol for a quarter of tuberculosis cases (1500). The remaining 1210 new tuberculosis 
cases were divided between undernutrition and diabetes. In the overcrowded counties with a high 
level of poverty, like Nzeng Ayong, Owendo and PK9, undernutrition, HIV and alcohol use disorders 
are commun. Those risk factors can explain why tuberculosis is most prevalent in these counties. 
Nzeng-Ayong and Owendo have been reported to be characterized by poverty, which may justify, at 
least partially, the high TB incidence in those areas.  

The same no-published study was conducted in Cameroon in 2022, especially in Yaoundé and 
Douala cities. Almost 8000 tuberculosis cases folders were gathered in 62 health facilities. The quarter 
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of them were from Laquintinie hospital (1110) in Douala and Jamot hospital (930) in Yaounde. The 
same methodology was used. And the result showed that hotspots areas were the overcrowded areas 
with high-risk behavior for sexual and alcohol use disorders. The study was conducted by the 
National Tuberculosis Program with the WHO support. The aim was to identify the hotspots areas 
and strengthen public health interventions, including the community involvement. The hotspots 
areas found were Nkomkana, Awae, Odza in Yaounde and Newbell and Boko in Douala. These are 
all the overcrowded areas. Moreover, there is a prison in Nkomkana [15]. 

In the hotspot’s areas, some relevant interventions can be implemented, such as the community 
awareness campaigns followed by the community testing. For this, DRC’s NTP had used the 
combination of computed assisted X-ray and GeneXpert for the suspected tuberculosis cases. The 
results were impressive. These campaigns involve community-based strategies, including door-to-
door screening and education by community relays, mobile screening units, and community health 
posts [16]. Another intervention is to set up a tuberculosis diagnosis and treatment service in the 
county’s health facility. In the first time, this health facility can be responsible of treatment while 
waiting for some equipment for diagnosis. In the meantime, it is recommended to strengthen 
community support to fight against stigma and discrimination in those kinds of areas.  

To improve these kinds of studies, it is better on the first hand to initiate operational research on 
the outcomes of the intervention implementations in the hotspot’s areas as done in DRC [17]. On the 
other hand, it is preferable to conduct an observational cohort-study to follow the diagnosed 
tuberculosis cases in the timely manner in their original counties. So, we can get a real-time case 
tracking. 

Spatial Tuberculosis Surveillance 

Given this and the higher risk of development of disease a few months after infection, many 
active case-finding strategies focus on the screening of close contacts of the index case, such as people 
living in the same household, coworkers or school classmates. These strategies have a two-fold 
purpose—they contribute to early diagnosis of the disease (among contacts of the index case) and 
identify healthy individuals who can benefit from TB preventive therapies. Taken together, these 
strategies significantly prevent many TB cases from happening. 

Considering the study done by D. Nguema, the spatial analysis highlighted the surprising 
variability in TB incidence rates (for all cases and in those smear-positive) at the ward level (up to 10 
times differences in some wards compared to others). [18]. 

Descriptive epidemiological analysis coupled with geographic surveillance is meaningful if the 
results can be translated into concrete actions or interventions such as targeted case finding, 
preventive strategies in high-transmission areas. 

For National TB Programs to realize this benefit at scale, they should consider routinely 
collecting and analyzing spatial variables for patients screened, tested and treated for TB so that this 
information can be woven into real-time TB surveillance platform. 

A similar study [7] was conducted in the municipality of Belém, Pará, in Brazil using data on 
1,134 new cases of TB diagnosed in individuals aged ≥60 years from 2011 to 2015.The data were 
analyzed using SaTScan software. The analysis of the spatiotemporal dynamics of TB in the 
municipality showed that the high-risk areas included the most densely populated neighborhoods, 
highlighting the priority of these areas for disease control measures. Spatial analysis can be used to 
guide more effective interventions according to the characteristics of the location and the local 
population. 

Strengths and Limitations 

The current study is strengthening the need to integrate the spatial surveillance in the 
tuberculosis programme implementation. Clearly, the study has identified the hotspots counties in 
Libreville and will help the NTP to be more efficient in the resources allocation to handle the disease 
burden.  
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The current study is limited by the retrospective methodology used to collect data. It is preferred 
to get the spatial data on a progressive manner. This can help to implement specific interventions on 
the same time. Geo-referenced data can be populated right after the diagnosis establishment.  

Suggested directions for future research are delve deeper into the public health implications of 
these findings. This involves analysis from socioeconomic, environmental, population density, and 
healthcare accessibility perspectives. 

5. Conclusion 

This work consisted in mapping TB and MDR-TB cases in Libreville and provides valuable 
insights into the spatial distribution of the disease, revealing that Nzeng-Ayong and Owendo 
counties were the high TB morbidity burden areas, whereas Pk9 was the hotpots of MDR-TB in 
Libreville.  

The findings call for the PNLT to prioritize public health interventions in these areas to improve 
case detection, treatment adherence, and ultimately, to reduce the burden of TB and MDR-TB in 
Libreville. Further investigations are indispensable to determine other possible factors that might 
elucidate the increased TB morbidity in Libreville.  
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