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Abstract: Shahr-e Sukhteh (meaning burnt city in Persian) in Iran is an archeological site dated back to around 3,200-
1,800 BC. It is located in Sistan and Baluchistan Province of Iran and known as the junction of Bronze Age trade routes
crossing the Iranian plateau. It was appointed as current study area for paleoparasitological investigations. Excavations at
this site have revealed various archeological materials since 1967. In the present study, sheep and carnivore coprolites
excavated from this site were analyzed by means of rehydration technique using TSP solution for finding helminth eggs.
Dicrocoelium dendriticum, Capillaria sp., and Taenia sp. eggs were identified, while some other objects similar to Anoplo-
cephalidae and Toxocara spp. eggs were also retrieved from the samples but their measured parameters did not match
those of these species. The present paper illustrates the first paleoparasitological findings of Bronze Age in eastern Iran
supporting the economic activities, peopling, and communication as well as the appropriate condition for zoonotic hel-

minthiasis life cycle in Shahr-e Sukhteh archeological site.
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INTRODUCTION

Paleoparasitology is a new interdisciplinary line of research,
for studying parasites of humans and animals in ancient com-
munities. According to available documents, coprolites are re-
garded as potential biological remains for tracking ancient
parasites worldwide [1]. Paleoparasitological studies elaborate
some attractive subjects, including the geographical origin of
the parasites, status of zoonotic diseases, types of diets, public
health levels, and the occupations of the ancient people in the
past [2,3]. Although the identification of zoonotic parasites is
an important issue, documentation of veterinary parasites has
its own eco-biological value. International papers released in
this field of research reported several animal helminth eggs
identified in coprolites, e.g., Trichuris, Capillaria, and Anoploce-
phalidae eggs in canid coprolites in Argentina [4], capillariids,
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trichostrongylids, and taeniid eggs from Late Holocene in Pa-
tagonian human and/or canid coprolites [5]. In Iran, Cheh-
rabad salt mine archeological site (500 AC) has recently pro-
vided the opportunity of analyzing well preserved coprolites
of rats, carnivores, and horses to recover helminth eggs [6-8].
Shahr-e Sukhteh, of Bronze Age (3,200-1,800 BC) located in a
desertic area of Sistan and Baluchistan Province in southeast-
ern Iran is regarded as a representative source for ancient bio-
logical remains used in paleoparasitological studies in this part
of the country. Concerning the land vastitude and population,
the number of goat, sheep, and other domesticated animals in
this territory in its prosperity time should have been high.
These findings along with thematic analysis reflect a flourish-
ing economic in this area community at Bronze Age [9]. In the
present paper, helminth eggs of sheep and carnivores retrieved
from the collected paleofeces are illustrated and discussed.

MATERIALS AND METHODS

Archeological site
Shahr-e Sukhteh is located in southeastern Iran (30° 39' N;
61° 24' E), bordering Afghanistan (Fig. 1). This is a vast area
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covering around ~151 ha and comprises 3 different districts
(residential, cemetery, and industrial). The collection of ani-
mal paleofeces was performed in 3 occasions during 2014 and
2015. The whole coprolites of this study have been found in
the residential area [9,10].

Specimens

Thirty coprolites of sheep (code nos. 6, SDI2, SDJ2, SDG2)
and a small amount of carnivore excrement (code no. SDH3)
were collected from the residential area of the site. The dating
of the coprolites analyzed herein has been calculated using ra-
diocarbon determination on the charcoal samples excavated
from the relevant layers of coprolites [11]. For helminthologi-
cal analyses, the samples were transferred to the Helmintholo-
gy Laboratory at the School of Public Health, Tehran Universi-
ty of Medical Sciences, Tehran, Iran. Specimens were rehydrat-
ed in 0.5% aqueous trisodium phosphate (TSP) solution sup-
plemented with 5% glycerin as described by others [12].

Legend
@ Shahri-5ukhta Site
—VET
— road
w— boundary

-
scale 1:250,000

N
wds

Hamoon lake
Shahr-i-Sukht

Shil river <::|

AFGHANISTAN

Fig. 1. Location of Shahr-e Sukhteh archeological site, Iran (with
permission from Hossein Moradi).

Egg identification

Two weeks after rehydration, 50 slides from each processed
coprolite were mounted in glycerin gel [7]. The slides were
carefully examined under a light microscope with the magnifi-
cation of 40x and 100x and photographed using a digital
microscope camera (Labomed LX 500, Springfield, New Jersey,
USA). The identification was based on morphological features
and dimensions of the eggs reflected in reliable key references
[13-15).

RESULTS

Out of 30 sheep paleofeces (Fig. 2) examined in this study,
3 of them were found parasitized. The analysis of 1 coprolite
showed 3 eggs of Capillaria sp. (Fig. 3A-C) and 1 egg of Dicro-
coelium dendriticum (Fig. 3F), while the next 2 paleofeces were
each containing 1 taeniid egg (Fig. 3D, E). The size of eggs is
shown in Table 1. Some other objects, similar to the eggs of
Anoplocephalidae, were also detected in analyzed sheep sam-
ples, but their morphological details did not match the charac-
teristics of the eggs of this family (Fig. 3G-I). This was also the
case for some objects retrieved from the carivore paleofeces
as they were very similar to Toxocara spp. eggs, but their size
was smaller than the reported values for this species (Fig. 3]).

Fig. 2. Some sheep coprolites analyzed in this study.
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Fig. 3. The helminth eggs retrieved from paleofeces in Shahr-e Sukhteh, Iran. (A-C) Capillaria sp. eggs. (D, E) Taenia sp. eggs. (F) Dicro-
coelium dendriticum egg. (G-l) Anoplocephalidae egg-like objects. (J) Toxocara spp. egg-like object. Scale bars: A-C, 50 um; D-F, 30

um; G-J, 20 um).

Table 1. Measured sizes of helminth species retrieved from sheep
paleofeces in Shahr-e Sukhteh, Iran

Helminth eggs (no. of eggs) Length (um) Width (um)

Capillaria sp. (3) 59.8 35.5
475 29.3
54.8 27.5

Dicrocoelium dendfriticum (1) 33.9 21.0

Taenia sp. (2) 38.5 36.2
37.3 36.4

DISCUSSION

Paleoparasitology has received significant attention in recent
years and allows to compare the past and present status of par-
asitic infections and to predict their impact in future. Here, we
report the finding of animal helminth eggs in coprolites from
Shahr-e Sukhteh in southeastern Iran dating back to Bronze
Age. D. dendriticum (the lancet liver fluke) egg found in the
present study indicates the occurrence of this parasite at that
time which may also drag the attention to human dicrocoelia-
sis in the ancient Shahr-e Sukhteh area. However, the emer-
gence of zoonotic helminths like D. dendriticum has been in-

terpreted earlier through finding of the eggs in animal copro-
lites in the far past [16].

The cestode eggs cannot be distinguished morphologically
to the species level [17], so our finding of taeniid eggs can
hardly be attributed to the occurrence of a particular zoonotic
infection like echinococcosis. Recovering intact helminth eggs
with characteristic features is not commonly expected in ar-
cheological sites due to taphonomic changes over an extended
period. These possible morphological changes can be de-
scribed for present Dicrocoelium egg with 1 side shrinkage de-
spite its apparent morphology.

Various helminth eggs have been recovered from archeologi-
cal sites in wetlands and marshes of Europe [18], which indi-
cate the appropriate preservation condition in this continent
over the past periods of time. Due to unfavorable climate con-
ditions in most parts of Iran [19], these appropriate occasions
might be rarely encountered in archeological sites in the coun-
try.

Recent archeological excavations in Iran have revealed few
parasite eggs, e.g., only 1 D. dendriticum egg in the burial soil
of a human grave of Bronze Age in Yasuj [20] and an Enterobius
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vermicularis egg from a human female skeleton dated back to
5,000 BC [21]. In Chehrabad salt-mine in northwestern Iran,
dating back to around 500 BC (Achaemenid Period) to 500
AD (Sassanid Era), more helminth eggs were recovered and
successfully identified. Owing to high concentrations of salt in
this archeological site, mummified bodies and human and an-
imal paleofeces remained well-preserved. In this site, several
parasitic helminth eggs were retrieved and identified, includ-
ing Taenia sp. eggs in a mummified miner [22], various animal
and human helminth eggs in soil samples [8], Macracantho-
rthynchus hirudinaceus eggs in canine paleofeces |7], and Tricho-
somoides crassicauda, Syphacia sp., and Trichuris sp. ova in ro-
dent coprolites [6].

Archeological findings in Shahr-e Sukhteh have revealed
that environmental condition in prehistorical time should
have been more moderate than the present, due to flows of
Helmand River and Hamoon Lake [22]. The presence of dicro-
coeliasis may support this climatological conclusion. The eggs
of D. dendriticum have been previously recovered from hu-
mans or animal paleofeces in other parts of the world, includ-
ing Iran [20,24]. The above mentioned taeniid eggs in sheep
coprolite with compatible size and outer layer striation is as-
sumed as transitional eggs which might have been ingested
while grazing.

Although taeniid eggs have been previously recovered from
different biological remains as well as latrines, mixed sedi-
ments of human and animal excrements [16], finding of Tae-
nia sp. eggs in sheep paleofeces, seems controversial, if transi-
tional condition is not regarded. Recovery of Capillaria sp.
eggs, most probably C. bovis or its newest synonyms C. brevipes
and C. longipes [25], is worth mentioning since this helminth
is not prevalent in paleoparasitological and modern reports
worldwide. Due to taphonomic process, 1 of the Capilaria eggs
found (Fig. 3C) was not the same as the other 2 typical eggs
(Fig. 3A, B). Nevertheless, belonging of the egg to other trich-
uridae family, most presumably Trichuris sp., should be taken
into account. Of note, C. brevipes still parasitizes sheep in Iran
[26]. Regarding the rarity of this group of helminths in the
country, mentioning the only occurrence of a human intesti-
nal capillariasis due to C. philippiensis in 1987 is exemplary
herein [27]. Capillariid parasites belonging to Neolithic time
were also reported from France, where out of 23 collected hu-
man coprolites 21 were positive for eggs of these parasites [18].

The recovery of Anoplocephalan and Toxocara spp. eggs in
this study can only be suspected in ancient Shahr-e Sukhteh,

as the morphological characters and the measured parameters
were not conclusive. To conclude, our study is the first to re-
port parasitic helminths in animal coprolites from the Bronze
Age in Shahr-e Sukhteh archeological site.

Extending the current investigation in forthcoming excava-
tions with a special focusing on sampling in residential area
may bring a deeper insight of the status of parasitic infections
over that time.
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