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SUMMARY

Background: Tuberculosis (TB) remains a pressing health
challenge in Nigerian correctional facilities, where the
prevalence can be ten times higher than in the general
population. Many facilities rely on passive TB case de-
tection, often missing asymptomatic TB cases. This
study evaluated a systematic active case-finding (ACF)
approach using symptom-based screening followed by
GeneXpert MTB/RIF testing across two high-volume
Nigerian correctional facilities in Lagos and Ogun States.
Methods: Between April and September 2021, 2,244 in-
mates underwent standardized TB symptom screening
(e.g., cough >2 weeks, weight loss, fever). Individuals
with presumptive symptoms of TB provided sputum
for GeneXpert analysis. The intervention comprised
three strategies: (1) outreach screening in awaiting-
trial mass cells, (2) cell-to-cell active case search, and
(3) contact tracing of confirmed TB cases. Collected
data were analysed to determine detection rates per
100,000 inmates and the overall positivity yield. Ethical
clearance was obtained from the Lagos and Ogun State
Ministries of Health, with formal permission granted
by authorities of correctional facilities.

Results: Of the 2,244 inmates screened, 678 were iden-
tified as presumptive and tested, 45 were confirmed
TB cases with estimated prevalence of 0.5% (approxi-
mately 489 per 100,000 inmates). The estimated preva-
lence is more than double the national prevalence 0.2%
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(219 per 100,000). The overall TB positivity rate among
presumptive inmates was 7%. Inmates from Lagos re-
corded a TB point prevalence of 500 per 100,000, while
prevalence in Ogun state was 458 per 100,000. A tar-
geted outreach in one facility achieved a 32% TB yield.
All detected TB cases were rifampicin-sensitive, and no
drug-resistant strains was found in this cohort.
Conclusions: These findings highlight the effectiveness of
symptom-based GeneXpert screening within correctional
facilities which was substantially higher that conventional
passive TB detection rates. All confirmed TB cases (n = 45)
were rifampicin-sensitive, and no MDR or XDR strains
were identified, an important observation in the prison
environment. Regular, systematic ACF, especially in over-
crowded and high-turnover environments, can signifi-
cantly enhance early TB diagnosis and treatment initia-
tion. Policymakers should institutionalize routine ACF in
correctional facilities through universal entry screening
for all new admissions and at least annual facility-wide
screening, with symptom checklists plus rapid molecular
testi. Where feasible, this should be combined with por-
table digital CXR/CAD triage alongside improvement in
living conditions and post-release linkage to DOTS.

Keywords: Tuberculosis, Symptom-based screening,
GeneXpert MTB/RIF, Nigerian correctional facilities,
active case finding.
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B BACKGROUND

T uberculosis remains a leading cause of mortal-
ity, impacting individuals in the general pop-
ulation as well as those in institutionalized set-
tings [1, 2]. The global fight against tuberculosis
(TB) remains urgent, with the 2024 TB report esti-
mating 10.8 million cases worldwide, including
8.2 million new diagnoses, and more than one mil-
lion deaths attributed to the disease [2]. Among
the most affected countries, Nigeria remains in the
top 10 on all three high-burden lists: TB, HIV-asso-
ciated TB, and MDR-TB [2, 3]. Globally, prisons
reported approximately 125,000 new TB cases in
2019, but only 53% of infected inmates were iden-
tified, leaving a substantial proportion of inmates
with TB undiagnosed or unreported [4]. Similar to
the general population, TB incidence in prisons
varies across WHO regions, with the African re-
gion reporting the highest rates [5].

The World Health Organization (WHO) strongly
advocates for systematic tuberculosis (TB) screen-
ing among inmates and other individuals in peni-
tentiary institutions [6, 7]. Screening in prisons
should always include screening when a person
enters a facility, followed by annual screening [8].
Previous study showed that only 0.9% of sputum
samples collected from 13 Nigerian prisons tested
positive for TB using an Acid-Fast Bacilli (AFB)
smear [9]. In many Nigerian prisons, health care is
largely limited to passive case detection, whereby
symptomatic inmates self-report [9]. Systematic en-
try screening is not uniformly practiced, resulting
in delayed detection of TB among inmates. Linkag-
es with state TB programs offered GeneXpert test-
ing and treatment supplies, but the diagnostic pro-
cess was not routinely implemented for all inmates.
Active case finding (ACF) of TB in prisons is cru-
cial as it promotes early diagnosis and treatment,
thereby disrupting the transmission chain. The
prevalence of HIV among inmates is twice that of
the general population, which could significantly
drive TB incidence in prisons [10]. The “WHO'’s
End TB Strategy” recommends the involvement of
the private sector through public-private partner-
ship models and active case finding using rapid
point-of-care diagnostic tests among vulnerable
populations like prisoners [6, 11].

The burden of TB in prisons is 10 times higher
than that in the general population [12]. Several
factors contribute to this disparity, including HIV

infection with poor viral suppression, substance
use, poor nutritional status, smoking, overcrowd-
ing, inadequate or inaccessible medical care (exac-
erbated by COVID-19 disruptions), and limited
knowledge of TB infection control among inmates
and staff, conditions that are prevalent in prison
environments [13-16]. Moreover, the situation is
exacerbated by the emergence and spread of mul-
tidrug-resistant (MDR) and extensively drug-re-
sistant (XDR) TB strains [3]. Prison congestion,
especially in urban Nigeria, infrastructural con-
straints, staff shortages and high inmate turnover
can further perpetuate TB transmission [17, 18].
This study investigates and discusses the outcomes
of an active TB case finding across two high-volume
Nigerian prisons in Lagos and Ogun States and the
effects on TB case notification rates. It highlights the
urgent need for systematic interventions to control
and prevent TB in these high-risk settings.

B PATIENTS AND METHODS

Study design and setting

Prior to the study, in collaboration with the State
TB Program and Civil Society Organizations, we
conducted advocacy and sensitization/awareness
creation visits to prison authorities across two ma-
jor prisons in Ogun and Lagos State. These two
high-volume prisons were included in the final
analysis. The total prison population at the time of
screening was about 9,200 which represents the
actual number of inmates rather than official ca-
pacity. High turnover and overcrowding were ac-
knowledged but not directly factored into popula-
tion-size calculations beyond noting that the 9,200
represented the census during screening. These
prisons were selected based on their large inmate
populations (i.e., 6,800 in Lagos and 2,400 in Ogun)
and programmatic considerations, but do not rep-
resent all prisons in the country. The denominator
(9,200) reflects the headcount of unique individu-
als present at the time of each screening round.
Due to admissions, discharges, and transfers, we
used cross-sectional counts rather than per-
son-time. Turnover was not explicitly modelled,
therefore, estimates represent point prevalence at
screening rather than incidence over time.

Screening approach and intervention types
Five rounds of active case searches were imple-
mented in a phased approach between April and
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September 2021. Outreach was chosen for large,

awaiting-trial mass cells to reach many inmates

quickly. Cell-to-cell was used for systematic cover-
age of all blocks once logistics permitted and to
minimize missed symptomatic individuals. Three

main strategies were used (Figure 1):

— Phase 1 - Prison Outreach: A mass screening
program in awaiting-trial mass cells, involving
direct engagement with inmates and on-site
sputum collection.

— Phase 2 - Cell-to-Cell: Entailed actively search-
ing for symptomatic TB by visiting each prison
cell (“cell” refers to the primary housing space
for inmates) and administering a symptom
checklist for cough over two weeks, weight
loss, etc.

— Phase 3 - Contact Investigation: Focused on
screening inmates who shared living spaces
(cells) or had prolonged exposure with con-
firmed TB cases.

Operational selection and key differences

between phases

Phase 1 scenario (Outreach in awaiting-trial mass
cells) used where very high cell density and time
constraints required rapid coverage of large
groups. During this phase, on-site sputum collec-
tion immediately followed symptom screen. Phase
2 (Cell-to-cell ACS) entails systematic screening of

all cells to minimize missed cases, prioritized
blocks with prior respiratory complaints/over-
crowding and this was feasible when security/
logistics allowed door-to-door screening. Phase 3
(Contact investigation) was triggered when an in-
dex case was confirmed. Contacts were defined
operationally as cellmates or individuals sharing
the same indoor sleeping space with the index
case during the prior 2 weeks (see Key Defini-
tions). Selection and sequencing were agreed with
facility authorities to minimize disruption.

Key definitions

— A “TB case” was defined as any inmate pre-
senting with clinical symptoms (e.g., cough >2
weeks, weight loss, fever, or night sweats) who
tested GeneXpert MTB/RIF positive for Myco-
bacterium tuberculosis. Chest X-ray was not rou-
tinely performed due to resource constraints.

— ’Contact’ is referred to an inmate who shared
the same enclosed sleeping cell/airspace with
an index case for >2 weeks (or >7 consecutive
nights), or had daily cumulative exposure >8
hours/day during the 2 weeks preceding index
diagnosis.” A “maximum security prison” is a
facility with the highest level of security meas-
ures, designed to hold high-risk inmates with
severe criminal histories [19].

— A “"medium security prison” has a moderate

Figure 1
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level of security, allowing for somewhat more
freedom of movement within the facility, typi-
cally used for inmates with less serious crimes
or who have demonstrated good behaviour in
prison [19].

Data collection and analysis

Inmates were clinically screened for cough > two
weeks, weight loss, fever, night sweats, chest pain,
haemoptysis, fatigue/anorexia. Collected data,
such as presumptive symptoms and demographic
information, were documented in relevant record-
ing and reporting tools. However, we note that
usual practice involved passive case detection by
prison health staff. Sputum was collected from
symptomatic inmates and transported for GeneX-
pert analysis. In line with NTBLCP standard oper-
ating procedures, all testing used GeneXpert
MTB/RIF (Cepheid, Sunnyvale, CA, USA) on spu-
tum. The state TB reference laboratory provided
oversight for EQA while instrument calibration
logs and lot-specific positive/negative controls
were maintained per national QA protocols. Data
were entered and analysed using Microsoft Excel

and point prevalence estimation per 100,000 pop-
ulation.

Continuation of treatment

All inmates confirmed to have TB were initiated
on DOTS (Directly Observed Treatment, Short-
Course) within the prison. For inmates released or
transferred prior to treatment completion, referral
linkages to external DOTS centres were estab-
lished to ensure continuity of care.

Ethical Clearance

Ethical approval was obtained from the Research
Ethics Committees of the Lagos and Ogun State
Ministries of Health, and the management of each
prison granted permission. No personal identifi-
ers were collected, and only aggregated data were
used.

B RESULTS

Table 1 shows the TB case-finding cascade in Ni-
gerian prisons by intervention type from April
to September 2021. In the Cell-to-Cell ACS ap-

Table 1 - TB case finding cascade in Nigerian prisons by intervention types- April-September 2021.

State Prison Location Intervention Type Screened Diagnosed Treated % TB Yield
Lagos Kirikiri Cell-2-Cell ACS 133 4 4 13.0%
Lagos Kirikiri Cell-2-Cell ACS 40 0 0 0.0%
Lagos Kirikiri Cell-2-Cell ACS 80 3 8 15.0%
Lagos Kirikiri Cell-2-Cell ACS 206 0 0 0.0%
Lagos Kirikiri Cell-2-Cell ACS 217 4 3 7.0%
Ogun liebu-Ode Cell-2-Cell ACS 30 2 2 13.0%

Total 706 i3 12 6.0%

Lagos Kirikiri Outreach 200 5 5 8.0%
Lagos Kirikiri Outreach 215 12 12 21.0%
Lagos Kirikiri Outreach 217 2 2 3.0%
Lagos Kirikiri Outreach 200 3 8 9.0%
Ogun ljebu-Ode Outreach 318 2 2 2.0%
Ogun Sagamu Outreach 200 1 1 2.0%
Ogun Oba Outreach 40 6 6 32.0%
Ogun Ibara Outreach 120 0 0 0.0%
Total 1510 31 31 7.0%

Lagos Kirikiri Contact Investigation 28 1 0 7.0%
Overall Total 2244 45 43 7.0%
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Table 2 - Tuberculosis case finding in Nigeria prisons, cascade and point prevalence/100,000 pop by state.

State Screened Diagnosed Treated % TB Yield Prison Population TB Point Prevalence
Lagos 1536 34 32 8.0% 6,800 500/100,000
Ogun 708 1 1 5.0% 2,400 458/100,000

Total 2244 45 43 7.0% 9,200 489/100,000

proach at Kirikiri, Lagos, the TB yield fluctuated
significantly, with 133 individuals screened and
a 13.0% yield in one instance, but no cases were
detected among 206 screened in another. In con-
trast, the outreach program at Kirikiri demon-
strated high variability in TB yield, peaking at
21.0% with 215 individuals screened. Notably,
the Oba prison in Ogun achieved a 32.0% yield
from just 40 individuals screened, highlight-
ing the effectiveness of targeted outreach inter-
ventions (The complete table is provided in Ta-
ble S1). Contact investigation identified 1 case
among 28 contacts screened (3.6% yield) at
Kirikiri, Lagos. Treatment initiation could not be
confirmed before release/transfer, contributing
to two total cases without documented DOTS
initiation.

Table 2 shows tuberculosis case finding in Nigeri-
an prisons, cascade, and point prevalence per
100,000 population by state. Across all interven-
tions, 2,244 prisoners were screened, and 45 TB
cases were identified. This corresponds to an over-
all detection rate of approximately 489 cases per
100,000 of the prison population. All 45 confirmed
TB cases were rifampicin-sensitive, with no MDR
or XDR detected (The complete table is provided
in Table S2).

B DISCUSSION

Following active TB case finding (ACF) interven-
tion in Nigerian correctional facilities, we found a
TB point prevalence of 0.5% (489 cases per 100,000
population). This starkly contrasts with the lower
national prevalence of approximately 219 cases
per 100,000 population reported in 2020 when the
study was conducted [20]. This disparity high-
lights the elevated risk and higher incidence of TB
within incarcerated populations compared to the
general population. Such elevated rates in correc-
tional facilities have been consistently observed in
various international settings which confirms that
TB prevalence is often several-fold higher in cor-

rectional facilities than among the civilian popula-
tion. For instance, previous studies have all report-
ed significantly higher TB rates among inmates
which ranges varies considerably from 6.4% in
Zambia, 7.7% in Malaysia, 7.9% in Iran, 8.8% in
South Africa, 10% in Nepal, 27.8% in Brazil [21-
26]. These underscore the global challenge of TB
management in correctional facilities. These stud-
ies also emphasize the inadequacy of traditional
control measures like screening at entrance and
active contact tracing in managing TB transmis-
sion within the congested and poorly ventilated
environments typical of many correctional facili-
ties.

Moreover, another study reported a TB prevalence
of 8.8% (8,772 per 100,000) among inmates in the
Mangaung Correctional Centre in South Africa.
This was nine times higher than the prevalence in
the general population [5]. A recent systematic re-
view involving 59,300 prisoners from sub-Saharan
African countries showed that approximately 4 in
every 100 had tuberculosis, with a pooled preva-
lence estimated at 4.02% [21]. This extreme differ-
ence further illustrates the intense concentration
of TB transmission within correctional facility set-
tings, driven by overcrowding, poor ventilation,
and suboptimal health services. Similarly, individ-
uals in detention, including prisoners and undoc-
umented migrants, constitute a vulnerable popu-
lation requiring increased medical attention due to
their elevated risk of delayed TB diagnosis and
poorer treatment outcomes [27, 28].

The consistently higher prevalence rates in correc-
tional facilities can be partly attributed to several
key factors: the high turnover of inmates who may
bring new infections into the facilities, the typical
delays in diagnosis and initiation of treatment,
and the challenges in implementing effective in-
fection control measures [22]. The high TB rates
reflect not only health system challenges but also
the broader socio-economic conditions that affect
marginalized populations both inside and outside
of prison environments [16, 29]. The yield from
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contact tracing, which significantly contributed to
the overall higher prevalence in our study, under-
scores the importance of comprehensive screening
strategies within these populations. This finding
aligns with previous research indicating that sys-
tematic screening can uncover a greater number of
cases, particularly in high-risk environments like
correctional facilities and hospital settings [1, 30,
31]. For instance, a retrospective study from Kuje
prison in Abuja, Nigeria, which primarily utilized
clinical assessment and chest X-rays for diagnosis,
reported a substantially higher point prevalence
of 2,393 per 100,000 population (2.4%) [32]. The
retrospective nature of this study which spanned
multiple years of data review, may have captured
a cumulative incidence that presents a more se-
vere epidemiological scenario compared to point-
in-time studies. In addition, differences in study
design likely account for part of the observed var-
iance. The Kuje analysis used a retrospective, mul-
ti-year review with clinical and radiographic tri-
age, which can over-represent cumulative detec-
tion relative to a point-prevalence approach. By
contrast, our prospective cross-sectional ACF cap-
tured a snapshot of burden using symptom-trig-
gered Xpert only, which is inherently less sensitive
for subclinical disease. These design features should
temper direct numerical comparisons. Similarly,
other studies have shown that overcrowding, poor
nutrition, and limited healthcare resources exacer-
bate TB transmission risks [17, 33].

In comparison, a recent survey of inmates at a cor-
rectional facility in Jos, North-Central Nigeria,
found an overall TB prevalence of 12.2% [33]. The
Jos study identified no rifampicin-resistant cases
among the 11 TB-positive inmates which mirrors
our findings where no resistant TB cases were de-
tected. However, the Jos study recruited only 90
inmates total which is a small sample size. By con-
trast, our study involved a much larger prison
population (2,244 inmates screened), which pro-
vides a more comprehensive estimate of 489/
100,000. Therefore, while both studies observed no
MDR or rifampicin-resistant TB, our ACF ap-
proach reached substantially more inmates, sug-
gesting that prison-wide systematic screening in
high-volume facilities can capture a broader snap-
shot of true TB burden.

Our study’s approach aligns with recommenda-
tions for TB control in correctional facilities which
advocates for enhanced case-finding strategies

that may include periodic systematic screenings
and the use of rapid diagnostics like Xpert MTB/
RIF®[3, 20]. Such strategies not only facilitate early
diagnosis but could potentially reduce transmis-
sion rates within the incarcerated population, a
critical concern given the closed and often over-
crowded environments that are characteristic of
this setting. Literature from Brazil, Ethiopia, and
other sub-Saharan contexts further supports these
measures with emphasis on the role of integrated
screening in identifying a high burden of undiag-
nosed TB [34,35]. Interestingly, a 2023 study in Ni-
geria by Chukwuogo reported that digital chest
X-ray combined with computer-aided detection
for TB (CADA4TB) increased TB detection to 17%,
compared with 5% using WHO symptom screen-
ing across 17 prisons in 12 states, and recommend-
ed integrating this approach into regular biannual
prison screenings [36].

Some interventions in Nigerian correctional cen-
tres used a combination of portable digital X-ray
plus GeneXpert to detect TB. For example, a study
from Northern Nigeria reported a prevalence of
about 1.1% at the Kano Central Correctional Cen-
tre the same approach as Chuckuogo to triage in-
mates [37]. They later confirmed cases with Gen-
eXpert. Their approach identified at least one
MDR-TB case (prevalence of 0.05% among all in-
mates screened). In contrast, our study which re-
lied solely on symptom screening followed by
GeneXpert, did not detect any drug-resistant cas-
es. This discrepancy may reflect differences in
screening sensitivity, or simply the random distri-
bution of resistant strains. However, both studies
underscore that routine active case finding in cor-
rectional settings can yield significantly higher
detection rates than the baseline. In terms of yield,
our 7% positivity rate among presumptive in-
mates was somewhat higher than what Tukur ef al.
[37], found in Kano, likely due to differences in
prison demographics and screening algorithms.
Moreover, other mass screening initiatives that re-
lied on universal chest radiography, as seen in Bra-
zilian prisons often reported higher detection rates
overall [35, 38]. In these interventions, chest X-ray
was systematically applied to all inmates before
GeneXpert testing, thus capturing individuals
with subclinical or asymptomatic disease. By con-
trast, our study’s “symptoms first” approach may
risk missing certain asymptomatic cases, though it
remains more feasible in settings where X-ray
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equipment is limited. The Brazilian data suggest
that including all inmates in Xpert testing, regard-
less of symptoms, could identify up to 74% of TB
cases at a cost of US$ 249 per case [38]. Our study
did not perform a cost analysis, but the relatively
high detection rate of 489 per 100,000 indicates
that even symptom-based strategies are beneficial
in resource-limited environments.

Finally, data from Ethiopia, also reinforce that a
variety of factors which range from crowded cells
to low body mass index can impact TB vulnerabil-
ity in incarcerated populations [39, 40]. In one
Ethiopian study, the overall TB prevalence was
0.7% among all inmates but increased to 15.6%
among symptomatic suspects [40]. Those investi-
gators used GeneXpert for diagnosis, similar to
our approach; however, they also identified poten-
tial risk factors like prior smoking and low BML
Such findings complement our results and high-
lights the multifactorial nature of TB risk and the
necessity for targeted interventions beyond diag-
nostics, including nutritional support and risk
counselling. Another study from Ethiopian correc-
tional facilities demonstrated that the proportion
of microbiologically confirmed TB increased over
time, likely reflecting delayed healthcare access
and ongoing transmission [39]. These concerns are
also relevant in Nigerian settings where over-
crowding prolongs exposure.

Integrating robust TB screening and diagnostic
practices into routine healthcare in correctional fa-
cilities is crucial for controlling the spread of TB in
these high-risk settings [29]. The findings support
systematic active screening of all inmates at regu-
lar intervals as part of a comprehensive TB control
strategy, in line with the WHO's End TB Strategy
[6, 8]. Policies should also explore targeted ap-
proaches that address the unique TB risk factors in
each prison setting to better guide control meas-
ures. Implementing global electronic record sys-
tems would further enable accurate data collection
and sharing [41]. Moreover, improved living con-
ditions, nutritional support, and stronger linkages
between prisons and external TB programs could
further diminish TB incidence [18].

Despite these advancements, our study has sever-
al limitations. Reliance solely on symptom-based
screening and the absence of a control group may
have underestimated diagnostic sensitivity. Fu-
ture studies should consider incorporating porta-
ble chest radiography or CAD tools to improve

detection of asymptomatic TB cases [42]. Similarly,
due to lack of control group, it is difficult to attrib-
ute increases in case detection to specific interven-
tions without potential confounding. Future re-
search could include randomized controls or be-
fore-and-after comparisons to better quantify the
impact of enhanced screening. The findings have
important policy and practice implications.

B CONCLUSIONS

Our findings align with international evidence
that TB risk is markedly increased in correctional
environments. The comparisons above illustrate
how differences in screening tools (e.g., portable
digital X-ray vs. symptom-based GeneXpert test-
ing) can yield slightly varied prevalence rates and
detection of drug-resistant TB. Nonetheless, any
robust ACF approach in correctional facilities re-
veals a substantially higher TB prevalence than
reported among the general population. This rein-
forces the urgency for ongoing screening and com-
prehensive interventions to reduce TB transmis-
sion behind bars.
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