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The characterisation of ancient tuberculosis is not totally dependent on the recovery of intact genomes. Judicious combinations of ancient DNA fragments
and specific lipid biomarkers provide unambiguous diagnosis and these protocols are capable of refinement and extension. Currently, there is no direct
evidence for exclusive co-evolution of humans and tuberculosis. A developing body of data suggests that the initial evolution of tuberculosis may readily

have taken place in a range of Pleistocene megafauna.
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The recent interesting study on the distribution of Neolithic
tuberculosis (TB; Fuchs et al., 2019) has stimulated a com-
ment on the availability and potential of methods that can
be utilised to trace the origins of TB. Several rather pessi-
mistic statements in this paper throw doubt on the practi-
calities for TB diagnosis in the late Pleistocene and early
Holocene. In particular, there is a general statement:

Whether TB was already present before and during the
Neolithic or developed much later can only be resolved by
genomic data from Neolithic samples . . .

Current diagnostic alternatives to full genomics include bone
morphology, such as Pott’s disease (Figure 5, Fuchs et al., 2019),
ancient DNA (aDNA) polymerase chain reaction (PCR)-based
fragment amplification and specific profiles of lipid biomarkers
(Minnikin et al., 2012, 2015). Subjective bone morphology has
great value in suggesting TB infection, but to allow clear TB diag-
nosis in the absence of genomic data, an integrated combination
of aDNA fragment amplification and lipid biomarker analysis has
been developed, as comprehensively reviewed by Donoghue
et al. (2017) for an invited issue of the journal Diversity.

Fuchs et al. (2019) singled out two particular studies
(Hershkovitz et al., 2008; Masson et al., 2015), stating that,

.. . one criticism of the PCR-based method is that it is more
prone to contamination and does not allow the differentiation
between authentic M. tuberculosis and [that of] closely related
Mycobacterium species . . .

Authoritative, experienced editors and peer reviewers are per-
fectly capable of dealing with any potential doubts concerning
any contamination. Regarding differentiation, authentic Myco-
bacterium tuberculosis was confirmed by Hershkovitz et al.
(2008), who pinpointed the characteristic TbD1 locus with a dele-
tion that is specific for a broadly defined modern lineage of
M. tuberculosis (Orgeur and Brosch, 2018). The confirmatory use
of TB-specific lipid biomarkers by Hershkovitz et al. (2008) and
Masson et al. (2015) is unfortunately disregarded by Fuchs et al.
(2019). In the case of a ~9 ka woman and child from Atlit-Yam,
mycolic acid profiles were practically superimposable on those of
M. tuberculosis (Figure 1a—e; Hershkovitz et al., 2008; Lee et al.,
2015), but the clinching factor was the presence of mycocerosates
and mycolipenate (Figure 1f; Lee et al., 2015), the latter being
only expressed in authentic members of the M. tuberculosis com-
plex (Jankute et al., 2017). Mycolipenate was also found in a
Hungarian ~7 ka individual (HGO-53; Masson et al., 2013) that
was included in and discussed by Masson et al. (2015).

Curiously, in an apparent revised opinion, Fuchs et al. (2019)
state,
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Figure |. Lipid biomarker profiles for the right rib of ~9 ka
woman from Atlit-Yam (Donoghue et al.,2017; Lee et al., 2015): (a)
total mycolates, reversed-phase HPLC; (b) collected total mycolates
(MAs), normal phase; (c) collected o-mycolates (0.-MAs), reverse
phase; (d) collected methoxymycolates (Methoxy-MAs), reverse
phase; (e) collected ketomycolates (Keto-MAs), reverse phase;

(f) GC-MS of mycolipenate (C,; m/z 407) and mycocerosates

(Cy7, Cy9, Cy, Cyy) characteristic of TB; (g) reversed-phase HPLC

of phthiocerol family — PA: phthiocerol A, PB: phthiocerol B, PO:
phthiodiolone.

The diagnosis of TB in Neolithic human remains should be
based on several lines of evidence, that is, molecular patho-
gen detection (e.g. by aDNA, lipids) as well as specific and
unspecific skeletal symptoms, ideally in the same individual.

To date, these studies have reached their methodological lim-
its (see preceding section; Hershkovitz et al., 2015; Masson
etal., 2015 ...

The mention of ‘lipids’ is welcome, even though their signifi-
cance is not indicated. However, it is a hostage to fortune to state
categorically that ‘. . . these studies have reached their method-
ological limits . ... Even if it is not possible to retrieve full
genomes, DNA extraction protocols are evolving and improving
(Bos et al., 2019; Donoghue et al., 2017). Similarly, the instru-
mental analysis of lipid biomarkers is not likely to remain static
and additional discriminatory lipid classes are available (Jankute
et al., 2017). A good example of an additional diagnostic lipid
type, ripe for full exploitation, is the TB-specific family of phthio-
cerols (Figure 1g). Also, other bacterial constituents, such as pro-
teins (Hendy et al., 2016), have untapped potential.

It is essential, when considering the deep origins of TB, to
acknowledge the full breadth of available data. One view quoted
by Fuchs et al. (2019) is,

. . . the cause of tuberculosis (TB) is an ancient pathogen that
left Africa together with its host ~60,000 years ago (Comas
etal. 2013).

As discussed in depth elsewhere (Donoghue et al., 2017), this
opinion is based solely on apparent parallel co-evolution of TB
and human mitochondrial genomes with no decisive interconnect-
ing link. The hypothesis of a deep association of TB with Africa
arose from the observation that examples of most modern TB
clades can be found on the continent and a likely ancestral taxon,
‘Mycobacterium canettii’, has particular links with the ‘Horn of
Africa’ (Orgeur and Brosch, 2018). However, to date, no direct
evidence for any TB in Africa, before the Holocene, has been
recorded.

An alternative scenario for TB evolution, quoted by Fuchs
et al. (2019), is that,

... two ancient genome studies suggest estimates of fewer
than 6,000 years for the emergence of the most recent common
ancestor of the bacterium (Bos et al. 2014; Kay et al. 2015).

As it stands, this statement is perfectly valid, but care must be
taken to avoid speculative over-interpretation leading to sugges-
tions that cases before ~6 ka are not authentic TB (Bos et al.,
2014, 2019). The onset of Neolithic epidemiological and demo-
graphic changes, outlined by Fuchs et al. (2019), may have accel-
erated TB transmission and evolution in the Bronze Age resulting
in modern clades that are only traceable back to ~6 ka BP.

However, Fuchs et al. (2019) have chosen to disregard a viable
hypothesis for TB evolution before the Holocene, which involves
co-evolution with Pleistocene megafauna (Donoghue et al., 2017;
Jankute et al., 2017; Minnikin et al., 2015). This scenario is
founded on the landmark case of a ~17 ka bison metacarpal with
TB-indicative lesions that were confirmed by aDNA fragment
amplification (Rothschild et al. 2001) and pristine lipid biomark-
ers, including TB-definitive mycolipenate (Lee et al., 2012, 2015).
As correctly noted by Fuchs et al. (2019), infectious agents require
sufficient population numbers to survive and humans were thinly
spread in the Pleistocene. Consequently, considering the wide-
spread Northern Hemisphere distribution of TB-diagnostic lesions
in bison, mastodons and other megafauna, it is very plausible to
engage with a Pleistocene zoonotic origin for TB (Donoghue et al.,
2017; Jankute et al., 2017; Minnikin et al., 2015). Briefly, a gen-
eral picture can be envisaged as involving initial TB evolution, in
hordes of megafauna, from environmental mycobacteria to ances-
tors related to low-pathogenicity organisms related to ‘M. canettii’
(Minnikin et al., 2015). A decisive increase in hydrophobicity,
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consequent aerosol transmission and bottleneck refinement would
lead to modern TB clades infecting humans and animals in the late
Pleistocene/early Holocene (Jankute et al., 2017). Increasing evi-
dence for multiple human African exit and re-entry would explain
the variety of TB clades in Africa. Indeed, the concentration of
‘M. canettii’ in the Horn of Africa (Orgeur and Brosch, 2018) may be
simply a result of this being on one of the favoured traffic routes.
The principal aim of this Comment is to highlight awareness
of various positive optimistic approaches for the diagnosis of
ancient TB. In addition, it is important to maintain a realistic
focus on scenarios for TB origins that are supported by solid
indisputable published biomarker data (Donoghue et al., 2017).
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