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Abstract. In industrialized countries,Mycobacterium avium complex and other nontuberculous mycobacteria (NTM)
are major causes of opportunistic infection–related deaths in HIV patients. However, in resource-limited regions, data on
NTMare scarce, and tuberculosis (TB)wasoften assumed tobe the causeof death inHIVpatientswith apositive acid-fast
smear. We searched MEDLINE and Embase databases for studies on autopsied HIV patients in sub-Saharan Africa
published between January 1997 and April 2020. We included studies that reported histopathological or microbiological
evidences for diagnosis of TB and NTM infection. We excluded articles without mycobacterial evidence from culture or
molecular testing, such as those that used verbal autopsy, death certificates, or national registry data (systematic review
registration number: CRD42019129836 at PROSPERO). We included six eligible studies that reported 391 autopsies in
sub-Saharan African HIV patients. The prevalence of NTM and TB at autopsy ranged from 1.3% to 27.3% and 11.8% to
48.7%, respectively. The weighted prevalence ratio of NTM versus TB was 0.16 indicating that for every seven HIV
patients died with mycobacterial infections, there was one died with NTM infection. Of the 13 NTM infections, six were
caused by M. avium complex. Mycobacterium avium complex and other NTM infections are important differential di-
agnoses of TB at the time of death among HIV patients in sub-Saharan Africa. Our findings highlight the need to
systematically survey the prevalence of NTM infections among HIV patients seeking medical care in resource-limited
regions.

INTRODUCTION

Mycobacterium avium complex (MAC) and other non-
tuberculous mycobacteria (NTM) were important causes of
opportunistic infection–related deaths among people living
with HIV in industrialized countries before the development of
highly active antiretroviral therapy (ART).1–3 In modern ART
era, disseminated MAC infections still occur in lately di-
agnosed HIV patients, and the associated mortality remains
high.4 However, in resource-limited countries, the role ofMAC
and other NTM infections in HIV-associated deaths remains
unclear because of limited data mainly because of the lack of
diagnostic capacity to identify NTM to species level.
In regions with a high burden of tuberculosis (TB), diagnosis

of NTM infections is challenging because NTM infections
share similar clinical features and laboratory findingswith TB.5

BothNTMandMycobacterium tuberculosis (MTB) can appear
positive under sputum acid-fast stain and present with fever
and weight loss.5,6 Xpert MTB/RIF would register a negative
result for an NTM specimen but does not identify organisms
outside of MTB complex. Nontuberculous mycobacteria in-
fections can only be definitely distinguished from TB using
mycobacterial culture or specific molecular methods, such as
GenoType mycobacteria direct line probe assay (Direct LPA)
(Hain Lifesciences GmbH, Nehren, Germany).7,8 When these
tools were not available, patients with an acid-fast positive
sputum smear were often presumably treated as TB.9 Nev-
ertheless, the differential diagnosis is important because

standard first-line anti-TB therapy is not effective againstNTM
infections.
Adding to this diagnostic challenge, NTM are ubiquitous in

the environment and can cause colonization without disease.
To overcome this issue, the American Thoracic Society/
Infectious Diseases Society of America (ATS/IDSA) recom-
mended a set of stringent criteria to distinguish between NTM
colonization and NTM disease.10 Nevertheless, a systematic
review on the prevalence of NTM infections among living pa-
tients insub-SaharanAfrica11 showed that only aminority of the
included studies (seven of 37) adhered to the criteria as rec-
ommendedby theATS/IDSA.10Furthermore, this reviewdidnot
separate HIV from non-HIV patients. The ratios of NTM versus
TBwere also not reported. Therefore, the relative importance of
NTM versus TB in HIV-associated deaths remains unknown.
Compared with samples obtained from living patients,

culture samples taken from deceased patients at autopsy are
more likely to represent true infection, rather than coloniza-
tion,12 and could yield better information on the NTM burden
among HIV patients in resource-limited regions.13 We now
conduct the first systematic review and meta-analysis on the
relative proportion of NTM infections versus TB at death
among HIV patients in sub-Saharan Africa.

METHODS

Search strategy. The protocol of this systematic review
andmeta-analysis hadbeen registeredatPROSPERO (https://
www.crd.york.ac.uk/prospero/) as CRD42019129836. In brief,
we searched MEDLINE® and Embase®, looking for English ar-
ticles published between January 1997 and April 2020 on
autopsy studies performed on HIV-infected adults or children
living in sub-Saharan Africa. (Details of our search strategy
can be found in Supplemental Table 1.) Four search sets that
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address key terms suchas autopsy,HIV/AIDS, TB/NTM/MAC,
and Africa were created and combined using “and.” Next,
articles were compiled into a database, and duplicate records
were removed. We initially screened by title and abstract to
assess for potential eligibility. The complete texts of those
regarded eligible were then acquired and assessed. The Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses checklist was used. An ethical review was waived
because this study was a secondary analysis of published
articles.
Study selection. Two authors (C.-H. C. and P.-U. T.) in-

dependently identified relevant studies using a predefined
search strategy (Supplemental Table 1). Disagreement over
the eligibility of the assessed studies was resolved through
discussion with a third reviewer (C.-T. F.). Autopsy (either
complete or minimally invasive) studies in Africa carried out in
either adult or children positive for HIV were included. Articles
were included if they were published in English, reported at
least 10 autopsies, and conductedbetween January 1997 and
April 2020. To be included in this review, studies have to report
histopathological and microbiological evidence of mycobac-
terial infection that could discriminate between NTM and TB.
Studies that used verbal autopsy, death certificates, or na-
tional registry data, aswell as those that focusedonly on either
one of TB or NTM were excluded. Conference papers were
excluded from this analysis because of uncertainty over the
relevance and validity of the presented data.
Data extraction. Data extracted were compiled into a

predesigned spreadsheet and included the following: author,
date of study, study setting and location, characteristics of
studypopulation (inclusion criteria, adult versuspediatric, and
inpatient versus outpatient), autopsy methods (tissues
autopsied and whether the samples were sent for mycobac-
terial culture confirmation), the total number of deaths that are
potentially available for autopsy, the number and rate of au-
topsy conducted, the number of NTMor TB identified from the
autopsy, and the type of NTM species identified. Additional
information such as the CD4 cell count were also retrieved if
available. Two authors (C.-H. C. and P.-U. T.) extracted data
independently, and a third author (G. H. L.) checked for con-
sistency. The main outcome of the study was the prevalence
ratio of NTM and TB at autopsy. Study quality was assessed
using a prespecified, graded checklist (Supplemental Table 2)
as reported in a previous systematic review.13 Studies were
considered tobeof “highquality” if they scored at least 70%of
points, “medium quality” if they scored 40–69%, and “low
quality” if they scored below 40%.13

Statistical analysis. The prevalence ratio of NTM and TB at
autopsy was pooled across the studies using a random-
effects model, and the corresponding forest plots were con-
structed. Heterogeneity between the studies was assessed
through calculation of I2 statistics, where an I2 value greater
than 50% indicated significant heterogeneity. All statistical
analyses were performed using SPSS version 23 (IBM,
Armonk, NY) and ReviewManager (Rev-Man version 5.3. The
Nordic Cochrane Centre, the Cochrane Collaboration, 2014
software, Copenhagen, Denmark).

RESULTS

Study selection. The PubMed and Embase search found
160 and 228 records, respectively. Following removal of 124

duplicates, the remaining articles were screened for relevance
by title, abstract content, and full text as depicted in Figure 1.
Forty-four publications were excluded because they did not
explicitly differentiate betweenNTMandTB. The remaining six
articles comprising 391 autopsies were included for further
analysis.
Study characteristics. Of the six included studies, five

were conducted on adult patients and one was conducted on
children (Table 1).14–21 Five studies were conducted in South
Africa and one in Zambia. In the five studies, the autopsies
were conducted on patients who died during hospitalization,
and onewas conducted on patientswho died at home. Two of
the studies only included patients who were suspected or
diagnosed as TB premortem,17,20 and one only included pa-
tients who were not on anti-TB treatment. The remaining
studies analyzed all consecutive inpatient cases of mortality.
All included studies detected mycobacterial infections in

the autopsied samples based on results from the acid-fast
stain, histopathological examination, and mycobacterial cul-
ture or PCR. Five studies performed minimally invasive au-
topsies, and one study performed complete autopsy. All of the
included studies were assessed as being of high quality
(Table 1 and Supplemental Table 3). Detailed descriptions of
the autopsied tissues and samples that underwent myco-
bacterial culture or PCR testing were outlined in Table 1.
Isolation of TB and NTM from postmortemHIV patients.

A total of 13 NTM and 160 TB cases were detected in 391
autopsies. The prevalence of NTM and TB at autopsy ranged
from 1.3% to 27.3% and 11.8% to 48.7%, respectively
(Table 2). The weighted prevalence ratio of NTM versus TB at
autopsy was 0.16 (I2 = 73%) (Figure 2). Thus, one in seven
autopsied mycobacterial infections were caused by NTM
species. Of the 13 NTM cases isolated, six were further
identified as disseminated MAC and one as pulmonary MAC.
The species of NTM isolates in the remaining seven cases
were not reported.
Isolation of NTM from premortem HIV–TB suspects. In

the two studies (Martinson and Karat) that analyzed patients
with premortem diagnosis of TB,17,20 five of 81 patients were
found to have NTM infections after postmortem examinations
(Figure 2); only 31 of these patients had culture- or PCR-
confirmed TB. The weighted prevalence ratio of NTM versus
TB in premortem TB suspects at autopsy was 0.18 (I2 = 0%).

FIGURE 1. Flowchart showing the process of study selection. MTB =
Mycobacterium tuberculosis; NTM = nontuberculous mycobacteria.
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Low CD4 count in NTM infection. Two studies (Wong
et al.19 and Karat et al.20) provided data on CD4 count of pa-
tients with NTM infection before death. Wong et al.19 reported
a case of disseminated MAC infection with immune

reconstitution inflammatory syndrome, whose premortem
CD4countwas17cells/μL. In theautopsy study conductedby
Karat et al.,20 all the three identifiedcasesofMAChad lowCD4
count with a range of 2–7 cells/μL (median = 2 cells/μL). In the

TABLE 1
Basic demographics of the included studies investigating nontuberculous mycobacteria infection in African HIV patients in the ART era

Author,
published

year Country Study dates Study population* Setting

Median/
mean age
(range) Autopsy type Tissues sampled

Postmortem diagnostic
methods†

Study
quality

Bates
et al.16

Zambia 2011–2014 All consecutive
pediatric
inpatient
deaths

Hospital
inpatient;
National
University
Teaching
Hospital

19months
(12–45
months)

Minimally
invasive
autopsy

Lungs ZN stain,
histopathology,
and PCR

High

Martinson
et al.17

South Africa 2003–2005 Consecutive
adult
inpatient
deaths with
premortem
diagnosis of
TB

Hospital
inpatient;
public,
tertiary
hospital

34.5 years Complete
autopsy

Brain, lungs, heart,
kidneys, liver,
adrenals,
spleen, and
pancreas

ZN stain,
histopathology,
and culture

High

Cohen
et al.18

South Africa 2008–2009 All consecutive
adult
inpatient
deaths

Hospital
inpatient;
regional
hospital

33 years
(20–45
years)

Minimally
invasive
autopsy

Lungs, liver, and
spleen

microscopy
examination,
liquid culture

High

Wong
et al.19

South Africa 2009 Consecutive
adult
inpatients
receiving
ART or
eligible for
ART

Hospital
inpatient;
public,
tertiary
hospital

36 years
(32–40
years)

Minimally
invasive
autopsy

CSF, liver, spleen,
kidneys, bone
marrow, heart,
skin, lymph
nodes, and any
accessible
masses

ZN stain,
histopathology,
and culture

High

Karat
et al.20

South Africa 2012–2014 Consecutive
adults
outpatient
deaths with
suspected or
diagnosed
TB

Hospital
outpatient;
TB Fast
Track
Program

39 years Minimally
invasive
autopsy

Liver, spleen,
lungs. CSF,
oro- and
nasopharyngeal
cavities,
enlarged lymph
nodes and skin
lesions, urine,
and blood

ZN stain,
histopathology,
culture, and
PCR

High

Omar
et al.21

South Africa 2012 Sampled/
selected
home deaths
who had no
apparent
cause of
death and
were not on
anti-TB
treatment

Home/
households

57 years
(44–66
years)

Minimally
invasive
autopsy

Lungs ZN stain,
histopathology,
culture, and
PCR

High

ART = antiretroviral therapy; CSF = cerebrospinal fluid; TB = tuberculosis; ZN = Ziehl–Neelsen.
* “All consecutive” refers to the inclusion of all patients regardless of the cause of death or premortem diagnosis.
†PCR/culture results discordant patients were considered to have mycobacterial infection if either PCR or mycobacterial culture was positive for mycobacteria.

TABLE 2
Isolation of TB or NTM from autopsy samples of African HIV patients in the antiretroviral therapy era

First author,
published year

Number of
autopsies

Number of NTM
culture or PCR

Number of TB
culture or PCR

Prevalence
of NTM (%)

Prevalence
of TB (%)

Percentage of NTM as total
mycobacterial infection (%) Number of MAC

Bates et al.16 34 1 4 2.9 11.8 20.0 Not specified
Martinson
et al.17

47 2 19 4.3 40.4 9.5 Two DMAC*

Cohen et al.18 226 3 110 1.3 48.7 2.7 Not specified
Wong et al.19 39 1 13 2.6 33.3 7.1 One DMAC†
Karat et al.20 34 3 12 8.8 35.3 20.0 Three DMAC‡
Omar et al.21 11 3 2 27.3 18.2 60.0 One pulmonaryMAC
DMAC = disseminated MAC; MAC = Mycobacterium avium complex; NTM = nontuberculous mycobacteria; TB = tuberculosis.
* Two DMAC isolates were recovered from the spleen.
†One DMAC isolate was recovered from the spleen.
‡Organs from which the three DMAC isolates were recovered were not specified.
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same study, the premortem CD4 count for patients with
positive TB was significantly higher, with 21–60 cells/μL
(median = 44 cells/μL).

DISCUSSION

In this systematic review and meta-analysis, we found that
the prevalence of NTM and TB in autopsied HIV patients in
sub-Saharan Africa ranged from 1.3% to 27.3%and 11.8% to
48.7%, respectively. The weighted prevalence ratio of NTM
versus TB was 0.16, which implied that for every seven HIV
patients died with mycobacterial infections in sub-Saharan
Africa, therewill be onepatient diedwithNTM infectionswhich
could be mistakenly treated as TB.
It is noteworthy that the two studies (Martinson and Karat)

includedpatientswith premortemdiagnosis of TB,whichwere
only based on clinical, and not microbiological, evidence. The
five patients who were found to have NTM infections on
postmortem culture did not have microbiological evidence of
TB. Therefore, these studies did not suggest mixed infections
of TB and NTM, but rather that some HIV patients who re-
ceived premortem clinical diagnosis of TB may actually have
NTM infections.
Increasing numbers of clinical studies from Africa have re-

ported recovery of NTM from the sputum and blood samples
of HIV–TB suspects.22–24 This is perhaps unsurprising be-
cause NTM and TB share similar clinical features. In some
parts of Africa without adequate laboratory facilities, patients
who present with TB-like symptoms are often treated as TB
without confirmation by mycobacterial culture.9 Taking the
NTM-to-TB ratio as 1:6 in autopsied patients, a significant
proportion of presumed HIV–TB deaths may be attributed to
NTM infections. Consistent with this finding, recent studies
indicated that NTM, in particular disseminated MAC disease,
has high associatedmortality.25,26 The lack of efficacy of first-

line antituberculous regimens against disseminated MAC
disease further highlights the importance of differentiating
between NTM and TB diagnosis among patients living
with HIV.
Despite the development of ART and antimycobacterial

therapy, we found that a significant number of HIV-positive
patients still die from opportunistic infections such as TB and
NTM in Africa. All four cases of NTM with known CD4 levels
had low CD4 counts (2–17 cells/μL) before death. This is
consistentwith the literature thatNTM infections usually occur
in patients with a CD4 count lower than 50 cells/μL.10 More
importantly, this finding reinforces the need to make ART
available to more HIV patients in Africa, whereby a good
control of the viral load and CD4 count would help prevent
opportunistic infections.27

The weighted NTM:TB prevalence in our study might be
underestimated. Many of the included studies performed
mycobacterial culture only when the sampled tissues were
found to have abnormal histopathological findings. However,
reviews of mycobacteria pathology have reported that not all
NTMcases exhibit the characteristic granulomatouspattern in
mycobacterial infections.28 Thus, NTM cases with negative
histopathological findings might not have been detected.
Furthermore, some studies only performed autopsies on a
limited number of organs, particularly the lungs. Such study
designs could result in missed cases of disseminated NTM/
MAC infections in the liver, spleen, and lymph nodes.
Before our study, a systematic review that reported on

autopsiedHIVpatients found that TBwas the causeof death in
approximately 40%of the patients.13 However, in this previous
review, most of the included studies did not distinguish be-
tweenNTMand TB; TBwas diagnosedprimarily on thebasis of
positive acid-fast stain and relevant histopathological findings.
No isolates of NTMwere reported. It is possible that this earlier
review overestimated the prevalence of HIV-associated TB

FIGURE 2. Forest plot showing the prevalence of NTM vs. TB in autopsied HIV patients; prevalence of NTM vs. TB in autopsied HIV patients with
premortem diagnosis of TB. NTM = nontuberculous mycobacteria; TB = tuberculosis.
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deaths as some of the supposed TB deaths may, in fact, be
caused by NTM infections.
Our study has important clinical implications. Given the sig-

nificant presence of NTM infections among autopsied samples
of HIV patients in high–TB burden regions, NTM infections need
to be included in differential diagnoses. If facilities are available,
mycobacterial culture should be performed for HIV patients
present with TB-like syndrome, particularly in those with a CD4
count lower than 50 cells/μL. For a rapid molecular diagnosis of
life-threatening disseminatedNTM infections, negative Xpert
MTB/RIF results would be inconclusive. It is worthwhile to
consider introducing LPAs, such as GenoType mycobacteria
direct LPA (Hain Lifesciences GmbH, Nehren, Germany). In
resource-constrained scenarios, physicians can first apply a
clinical algorithm to identify HIV patients with a high likelihood
of disseminated NTM infections for a targeted molecular
testing.Wepreviously developed such an algorithm, basedon
a combination of lowCD4, low bodymass index, and absence
of abnormal chest radiographic findings, which had a 98%
specificity in differentiating disseminated MAC infection from
TB.4 Applying aforementioned diagnostic procedure may fa-
cilitate an early decision to start life-saving anti-MAC therapy.
Our study is subjected to several limitations. First, autopsy

findings might not reflect actual prevalence because it could
notbeperformed in all patients, hence representing apotential
selection bias. Furthermore, prevalence derived from autopsy
studies is influenced by mortality rates. Given that dissemi-
nated MAC has higher mortality than TB, there may be an
overestimation of the prevalence of NTM. On the other hand,
because our estimates were derived from autopsy studies,
they are more likely to be true disease as opposed to coloni-
zation. Moreover, there were considerable heterogeneities in
the included studies likely because of differences in sample
size, patient selection, andmethod of autopsy. Discrepancies
inmycobacterial detection (culture versus PCR) probably also
contributed to the heterogeneity across studies. Although
NTM isolated postmortem from HIV patients may be consis-
tent with NTM disease, this is also dependent on the species
of NTM isolated. For example, NTM such as Mycobacterium
gordonae, among others, are rarely associatedwith disease. It
is important to note that some studies did not report NTM to
the species level, and therefore, we could not ascertain the
exact proportion of NTM that were truly pathogenic. Finally,
most of the studies were conducted in South Africa, and
therefore, our synthesis may not be generalizable across the
entire sub-Saharan Africa region.

CONCLUSION

Mycobacterium avium complex and other NTM infections
are important differential diagnoses of TB at the time of death
among HIV patients in sub-Saharan Africa. Our findings
highlight the need to further survey the prevalence of NTM
infections among HIV patients seeking medical care in
resource-limited regions.
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