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ABSTRACT                        The aim of the actual study of the 16-17th centuries AD series of Bácsalmás-
Óalmás (Hungary) is to combine the osteological and complete paleomicrobiological studies of 
a large series of approximately half a thousand skeletons. This material, which is stored in the 
collections of the Department of Biological Anthropology, University of Szeged, was chosen 
because of the good state of preservation and of some previous aDNA results. Some cases of 
TB infections have already been confirmed during the analysis of the first third of the series. 
In the actual state of the Bácsalmás ancient TB project, a general morpho-pathological study 
of the complete series is in progress in the frame of a PhD thesis at the University of Szeged. 
Molecular paleomicrobiological analysis to diagnose bacteria of the Mycobacteria tuberculosis 
complex has been initiated in the ancient DNA Laboratory of the Institute for Mummies and 
the Iceman, EURAC Research, Bolzano, Italy. A PCR-based assay targeting the multicopy IS6110 
region has been conducted to a subset of the samples. First results already indicate the pres-
ence of Mycobacteria in some of the rib samples. These positive cases will be further subtyped 
via Spoligotyping. Acta Biol Szeged 55(1):41-45 (2011)
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Molecular paleomicrobial analysis and the 
experimental procedures

Figure 1. Potential early stage skeletal TB: periosteal appositions and 
remodelling on the visceral surface of a rib (Bácsalmás-Óalmás, Grave 
No 61, Juvenile Male; ref: Molnár and Pálfi 1994).

Figure 2. Severe destruction of a cervical vertebral body due to prob-
able TB spondylitis (Bácsalmás-Óalmás, Grave No 39, 50-60 year old 
Male; ref: Molnár and Pálfi 1994).

Target region Direction Primer sequence Product size Parameters

mtDNA hypervari-
able region 1

F CACTAGGATACCAACAAACC

162 bp

95°C, 5 min;
95°C, 55°C, and 72°C,      
45 sec each for 45 cycles;
72°C, 4 minR GCGGGATATTGATTTCACGG

IS6110 repeat ele-
ment

F CTCGTCCAGCGCCGCTTCGG

123 bp

95°C, 5 min;
95°C, 66°C, and 72°C,      
45 sec each for 45 cycles;
72°C, 4 minR CCTGCGAGCGTAGGCGTCGG

Table 1. Primer sequences and polymerase chain reaction conditions used in this study.



Results and Discussion

Table 2. Details of the cases studied and the summary of the Polymerase chain reaction (PCR) results for both genetic targets. DNA 
extraction was performed using two methods.

ID
number
EURAC

Grave
number

Bácsalmás
-Óalmás

Age 
(year)

Sex Potential TB
related
lesion

Phenol/Chloroform-based DNA 
extraction

Silica-based 
DNA extraction

mtDNA* IS6110** mtDNA* IS6110**
383 39 50-60 male Spondylitis (Fig.2) - - + -
457 115 17-18 male spondylitis - - + -
379 35 18-20 ? early-stage verte-

bral lesions
- - - -

387 44 2-3 ? endocranial le-
sions

- - + -

365 21 60-70 male --- - - - -
443 101 40-50 female --- - - + -
486 143 1-2 ? endocranial le-

sions (Fig.3,4)
+ + - +

507 165 40-50 female early-stage rib 
lesions 

- + - -

* mtDNA Hypervariable region 1 PCR (162 bp fragment)
** IS6110 repeat element PCR (123 bp)

Figure 3. Superficial inflammatory changes on the endocranial sur-
face due to TB meningitis (Bácsalmás-Óalmás, Grave No 143, 1-2 year 
old Child). The presence of M. tuberculosis DNA is confirmed by two 
methods.

Figure 4. Endocranial superficial remodelling due to TB meningitis 
(Bácsalmás-Óalmás, Grave No 143, 1-2 year old Child). The presence 
of M. tuberculosis DNA is confirmed by two methods.
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Figure 5. Analysis of the Polymerase chain reaction (PCR) amplification 
products using agarose gel electrophoresis. All displayed results were 
retrived with DNA of the Silica-based DNA-extraction method. (A) 
PCR amplification of a 162 bp fragment of the mtDNA Hypervariable 
region 1. (B) PCR amplification of a 123 bp fragment of the IS6110 
repeat element.




