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Bacteria of the genus Bartonella are transmitted by ectoparasites (lice, fleas, ticks) and have mammalian
reservoirs in which they cause chronic, asymptomatic bacteremia. Humans are the reservoir of B. quintana,
the louse-borne agent of trench fever. We detected DNA of B. quintana in the dental pulp of a person who
died 4000 years ago.

Bacteria of the genus Bartonella are transmitted by ec-

toparasites—including lice, fleas, and ticks—and have

mammalian reservoirs in which they cause chronic,

asymptomatic bacteremia [1]. Humans are the only

known reservoir of B. quintana, which may cause a va-

riety of diseases—including asymptomatic chronic bac-

teremia and symptomatic trench fever, found in homeless

people in North America and Europe [2–4]; blood-

culture–negative endocarditis [5, 6]; chronic lymph-

adenopathy [7]; and bacillary angiomatosis, found in

immunocompromised patients [8]. B. quintana is trans-

mitted only by the body louse Pediculus humanus corporis

[9]. Chronic, asymptomatic bacteremia caused by B.

quintana is an exceptional situation in humans and pro-

vides a unique model for studying the age and coevo-

lution of host-bacteria relationships. Trench fever was

first reported during World War I, well before the iso-

lation of the causative organism during the 1960s [8, 10].

Current studies have shown that up to 14% of homeless

people with body lice have B. quintana bacteremia [11].

In ancient times, ectoparasitism was likely to be com-

mon, and infections with B. quintana might also have

been prevalent. Because examination of dental pulp,

which is similar to examination of a blood sample,
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might enable the detection of bacteremia, we tested for

DNA of B. quintana in pulp from 12 teeth collected

from human remains in southeastern France. In the

present study, we demonstrate that B. quintana bac-

teremia has occurred in humans for �4000 years.

MATERIALS AND METHODS

A total of 6 molars were obtained from 3 individuals

whose remains were excavated from the archaeological

site of Roaix, in southeastern France: 2 right maxillar

molars from 1 individual, 3 right mandibular molars

from 1 individual, and 1 left mandibular molar from

1 individual. In addition, 1 premolar and 3 molars were

obtained from 1 individual, and 1 molar was obtained

from each of 2 individuals whose remains were exca-

vated from the archaeological site of Peyraoutes, also

in southeastern France. Radiocarbon dating of portions

of the skeletons indicated that the teeth were from hu-

mans who had died ∼2100–2200 BC and ∼2230–1950

BC, respectively, at the 2 sites [12]. Controls consisted

of 17 teeth extracted during 2003 from patients with

no evidence of past exposure to ectoparasites or B.

quintana (figure 1A). Teeth were washed and radio-

graphed in a laboratory located in a first building, as

described elsewhere [13]. Extraction of DNA from the

dental pulp was performed in a second building located

∼500 m from the first building. Amplification and se-

quencing reactions were performed in a third building

that was located ∼300 m from each of the other 2

buildings. All experiments were done by 1 of the au-
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Figure 1. Recovery of 4000-year-old Bartonella quintana DNA. A, Opened premolar collected from a 4000-year-old individual, which yielded pulverulent
dental pulp suitable for extraction of DNA. Amplification by polymerase chain reaction and sequencing reactions yielded 2 fragments of B. quintana DNA.
B, 269-bp Bartonella groEL gene fragment sequenced from the same tooth, exhibiting 2 mutations not present in the homologous gene sequence from its
closest relative, the modern B. quintana sequence in GenBank.

thors (L.T.-H.), who had no history of exposure to B. quintana

or its DNA. New reagents and disposable materials were used

for the experiments, as described elsewhere [14]. We attempted

to amplify a 283-bp fragment of the B. quintana hemin-binding

protein–E gene (EMBL accession number BX897700.1) from

the dental pulp of all teeth by using a nested polymerase chain

reaction (PCR), as described elsewhere [15], incorporating

primer pairs designed for this experiment and never used before

in our laboratory. The external primer pair was hbpEF1 (5′-

GAGAGTGCTTCACCTAAATAG-3′) and hbpER1 (5′-CCACC-

AATCTGTCCTCCAAA-3′); the internal primer pair was

hbpEF2 (5′-GAGACGAGTATTAAAGTTTC-3′) and hbpER2

(5′-CTGAGGAACTATTACATCT-3′). Because this gene had

never been amplified and studied in our laboratory, this genetic

fragment was chosen so as to prevent the contamination of

ancient DNA by modern amplicons. In brief, 2 mL of DNA

extracted from the dental pulp were amplified in a 25-mL mix-

ture containing 10-pmol/L solutions of each primer; 200 mL

each of deoxyadenosine triphosphate, deoxycytidine triphos-

phate, deoxyguanosine triphosphate, and deoxythimidine tri-

phosphate (Invitrogen); 1.5 U/L Taq DNA polymerase (Invi-

trogen); and 2.5 mL of a 50 mmol/L solution of MgCl2 in 1�

Taq buffer. Amplification was performed with an initial de-

naturation at 94�C for 3 min, followed by 44 cycles of dena-

turation at 94�C for 30 s, annealing at 57�C for 30 s, and

extension at 68�C for 90 s. The amplification was completed

by keeping the reaction mixture at 68�C for 7 min. The am-

plicons obtained were sequenced directly, by use of internal

primer pairs. We also attempted to amplify and sequence a 269-

bp fragment of the Bartonella groEL gene from the dental pulp

by using methods described elsewhere and an annealing tem-

perature of 48�C [15].

RESULTS

No amplicons were obtained from the negative-control teeth,

in either experiment. A genetic fragment 100% identical to that

of the B. quintana hemin-binding protein–E gene was amplified

and sequenced from the dental pulp of 1 molar from Peyra-

outes. An amplicon of the groEL gene was generated from the
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Table 1. Molecular detection of bacterial DNA from human pathogens in ancient
specimens.

Time period Pathogen Host Specimen Reference

17,000 BP Mycobacterium tuberculosis Bison Bone [29]
5400 BP M. tuberculosis Humans Bone [23]
4000 BP Bartonella quintana Humans Dental pulp Present study
3500 BP M. tuberculosis Humans Lung [30]
6th century AD Yersinia pestis Humans Teeth [31]
7th century AD M. leprae Humans Bone [32]
8th century AD Y. pestis Humans Dental pulp [21]
11th century AD M. tuberculosis Humans Lung [33]
12th century AD M. leprae Humans Bone [34]
13th century AD B. henselae Cats Dental pulp [22]
14th century AD Y. pestis Humans Dental pulp [21]
Medieval period M. tuberculosis Humans Bone [35–39]

M. leprae Humans Bone [40]
17th century AD Y. pestis Humans Dental pulp [13]
18th century AD Y. pestis Humans Dental pulp [13]

Treponema pallidum Humans Bone [41]
19th century AD Borrelia burgdorferi Ticks Tick [42]

Rodents Skin [43]

dental pulp of the same tooth (figure 1B), and, after it was

cloned and sequenced, the 10 best similarity scores were ob-

tained for the homologous gene in the modern Bartonella spe-

cies. The amplicon had 64 of 66 base positions in common

(97% similarity) with the modern B. quintana groEL gene

(GenBank accession number AF014830) and 61 of 66 base

positions in common (92% similarity) with the homologous

gene in the modern B. henselae CAL-1 strain (GenBank acces-

sion number AF304020). The ancient sequence did, however,

have 2 mutations (GenBank accession number AY380779) that

have not previously been described in B. quintana.

DISCUSSION

In the present study, we have demonstrated for the first time

the presence of B. quintana DNA in ancient human remains.

We believe that our results were not influenced by contami-

nation, because of the extensive precautions that we took: each

experimental step was performed in a different building free

of B. quintana and its DNA, we did not use a positive control

in our PCRs, and we amplified a genetic fragment that had

never previously been targeted in our laboratory (the “suicide

PCR” protocol) [14]. We obtained no amplification products

from any of our negative controls, dental pulp from the same

tooth tested positive for B. quintana DNA in both tests, and

the groEL sequence that we found has not been reported pre-

viously, further excluding the possibility of contamination by

modern B. quintana DNA.

Specific bacterial DNA sequences were obtained from the

dental pulp, suggesting that the individual studied had B. quin-

tana bacteremia before death. We have shown elsewhere, in

both experimental and clinical models, that dental pulp is

equivalent to a small blood sample. Using Coxiella burnetii in

a guinea pig model, we were able to recover specific bacterial

DNA sequences [16] and viable microorganisms [17] from the

dental pulp of experimentally infected animals. Specific viral

DNA sequences were recovered from the dental pulp of HIV-

infected patients [18, 19], and we recently demonstrated the

presence of B. quintana DNA in the dental pulp of a bacteremic

homeless patient who had been treated with an aminoglycoside

and doxycycline a few weeks before removal of the tooth [20].

Furthermore, using dental pulp, we have been able to recover

and sequence fragments of Yersinia pestis DNA in individuals

suspected to have died of plague during the 6th–18th centuries,

thus demonstrating that the 2 historical plague pandemics were

likely caused by Y. pestis [13, 14, 21]. Also, we recently used

dental pulp to demonstrate the presence of specific sequences

of B. henselae DNA in feline remains from the 13th–16th cen-

turies [22]. These data indicate that dental pulp is a versatile

specimen that can be used when in a search for blood-borne

pathogens in both living creatures and long-buried remains.

Our data indicate that humans were exposed to B. quintana

�4000 years ago. Trench fever, then, is one of the most ancient

bacterial diseases in humans, as is tuberculosis, which has been

detected in the remains of a person who died 5400 years ago

in Egypt [23] (table 1). The present study is the first to report

an ancient ectoparasite-borne bacterial disease in humans. Al-

though the head louse most likely is one of the oldest per-

manent ectoparasites of humans, with infections caused by lice

traced back 10,000 years [24], it is not a known vector for B.

quintana [25]. There is little evidence for when lice first par-
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asitized humans, but their eggs have been found in a prehistoric

textile [26]; in textiles excavated at Masada, Israel, dated AD

66–73 [27]; and in the remains of fecal deposits of farmers in

Viking Greenland, dated AD 986–1350 [28]. These few obser-

vations indicate that the body louse probably has parasitized

humans—particularly those living in overcrowded conditions,

such as in Masada—for millennia. These data may encourage

scientists to use molecular techniques to explore ancient ec-

toparasites and human remains, in an attempt to research the

history of ectoparasite-borne pathogens and to develop new

insights into the coevolution of the host-bacteria relationship

of B. quintana and humans.
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