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Abstract

Background: The intriguing area of paleopathology merges the disciplines of archeology and biological
studies. Using this line of research, it is possible to identify diseases that have left skeletal traces in the past.
In addition, diseases such as various anemia that occur in childhood, when bone tissue is soft and retains
evidence, can be identified in ancient bones. Cribra orbitalia (Co), cribra cranii (Cc), and porotic hyperosto-
sis (Ph) were ancient skeletal remains' most common degenerative anomalies.

Methods: Shaht-i Sokhta dated back to 3200-1800 BCE, is the subject of our research; it is located in Sistan
and Baluchistan province (Iran). The research was done on the archaeological data collected during the
MAIPS expeditions at Shahr-i Sokhta (2017-2021) kept at the storage of the excavated materials on the site.
The skeletal remains were examined for bone abnormalities such as Co, Cc, and Ph. These symptoms were
analyzed to obtain traces of anemia-related diseases at this site. Data has been utilized following the Data
Collection Codebook

Results: Ninety-six adults were studied while the anemic signs of CC and Co ate respectively seen in 27/72
(37.5 %) and 10/57 (17; 5 %), and these samples have been kept for future analysis.

Conclusion: Bones may natrate a person's life, their gender and how old they wetre when they died besides
the diseases they had. Some of the skeletons show signs of anemia, Classical paleopathology lets us to re-
confirm studying diseases by further targeted sampling using molecular methods.

Keywords: Paleopathology; Human remains; Ancient skeletons; Infectious diseases, Iran

Copyright © 2024 Bizhani et al. Published by Tehran University of Medical Sciences.
"This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license.
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited

1416 Available at:  http://ijph.tums.ac.ir




Bizhani et al.: Tracking of Infectious Diseases in Shahr-i Sokhta (Burnt City) during ...

Introduction

Paleopathology is the study of disease signs in
ancient humans and animal remains. Abnormali-
ties, injuries, and diseases can be found in these
remains. This research helps answer multidisci-
plinary questions in medicine, anthropology, bi-
ology, and archaeology. Some, such as anemias in
childhood when bone tissue is soft and retains
evidence, can be identified in ancient human
bones. By using careful archaeological analysis of
ancient skeletons or mummy tissues, paleo-
pathologists can sometimes preliminarily diag-
nose infectious diseases and determine some
causes of death (1). Here, Cribra orbitalia (Co)
(Fig. 1), Porotic hyperostosis (Ph) (Fig. 2), and
Cribra cranii (CC) (Fig. 3) are among the most
common degenerative skeletal anomalies that can
be witnessed. (2) Co refers to lesions on the or-
bital roof, and Cc refers to vault lesions on the
parietal and occipital bones (3): Co and Cc can be
considered variants of Ph (4). Ph is an over-

growth of the skull's spongy bone marrow space
(5). In anemia, the hemoglobin concentration
decreases, resulting in lower oxygen levels. (0)
Furthermore, the increase of erythropoietin hor-
mone results in hypertrophy or hyperplasia due
to the expansion of the bone marrow, leading to
atrophy, bone loss, and holes (7, 8). In moderate
cases, lesions appear as holes in the outer cortical
layer of the bone in childhood and may even per-
sist into adulthood (9) (10).

Porotic hyperostosis (Ph) is characterized by mi-
nor pitting or severe porosity on non-orbital, ex-
ternal surfaces of the skull (ectocranial surfaces),
and orbital lesions called Cribra orbitalia (Co)
(11). Chronic iron deficiency anemia is a possible
cause of Ph. Researchers suspect that dietary iron
deficiency, iron malabsorption, and blood loss
from diarrheal diseases and intestinal parasites in
ancient populations may have contributed to the
prevalence of these disorders. (12)

Fig.1: Standard for Scoring Co. Modified after Steckel et al (11) Co is characterized by slight pitting or extensive po-

rosity of the eye orbits' roofs. Researchers have linked these alterations to diseases most frequently acquired and in-

herited anemia, infections, and vitamin deficiencies. When macroscopically diagnosed, this sign is probably best re-

garded as a stress indicator rather than a specific disease. To qualify for the condition, at least one eye's orbital roof
must be present
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Fig. 2: Standard for scoring Porotic hyperostosis. Modified after Steckel et al(11) Porotic hyperostosis (Ph) involves
slight pitting or extensive porosity on non-orbital, ectocranial surfaces. Porotic changes are most prevalent in the
squamosal portions of the occipital and parietal bosses and occur less frequently on the frontal, temporal, sphenoid,
and maxillary bosses. Porotic hyperostosis, like ¢7ibra orbitalia(Co) and cribra carinii (Cc), has been linked to various
conditions, including anemia (acquired and inherited), infections, and vitamin deficiencies

Determining the origin of some anemia disorders
such as iron deficiency anemia (IDA), anemia of
chronic disease, megaloblastic anemia, and genet-
ic hemolytic anemias such as thalassemia and
sickle cell anemia can be challenging in some cas-
es (13, 14). Among different causes of anemia
that can appear as skeletal signs, infectious dis-
eases are of particular importance (15). Since
diverse affecting agents may produce direct and
indirect changes in the skeleton, bone remains
represent significant sources in studying these
items (15). According to available archaeological
documents, the Shahr-i Sokhta archaeological
site, the "burnt city" in our present study atea,
has been burned three times. It is worth mention-
ing that few wars are recorded in this ancient city,
and no war tools have been excavated there (16).
The burnt bodies and towns have always been
seen as historical reminders of the importance of
preventing epidemic infectious diseases, mainly
plague (17, 18), the deadly infection caused by
Yersinia pestis since the Bronze Age (19). Re-
garding the name of this ancient site, the "burnt
city," the probability of burning caused by infec-
tious diseases has always been speculated from
the perspective of paleopathology. Nevertheless,
there is no shred of evidence concerning the use
of fire on this site in the Bronze Age against epi-
demics with the exception of one skeleton show-
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ing signs of combustion, most probably indicat-
ing an unintentional building fire. To know more
about this issue, a precise molecular investigation
relying on modern techniques using more sam-
ples is needed in our future ongoing programs.
Malaria due to its causative agent Plasmodinm falei-
parum has afflicted Southeast Asia for at least
7,000 years, or much longer, and could lead to
anemia by destroying red blood cells (20).

Previous studies have documented the link be-
tween malaria, anemia, iron deficiency, and the
development of both Cribra cranii (Cc) and Po-
rotic hyperostosis (Ph) (21-23). Notably, Ph was
more prevalent among early farmers (7th-2nd
millennia BC) living in marshy areas of Anatolia,
Greece, and Cyprus — environments suitable for
the Anopheles mosquito, a malaria vector. In
contrast, Ph was less common among people liv-
ing in dry or rocky areas, or those who were
Paleolithic hunters. This distribution pattern
aligns with the spread of Plasmodium falciparum,
the malaria parasite, through the Old World's
anopheline belts, where many cases of Ph are ob-
served in ancient skeletons (5). Our current study
in Sistan and Baluchistan, a well-known malarial
endemic region in Iran (24-26), aimed to investi-
gate the expected prevalence of malaria and other

historical infectious diseases that might leave
bone markers like Cribra orbitalia (Co) (27).
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Fig. 3: Signs of Cc. Skull with Ce. Porotic hyperostosis is consequent in the diploic layet's hypertrophy and cortical
tissue thinning due to increased red blood cell production activity induced by the anemic conditions (burial number
96006). Cc and Co are external manifestations of Ph.

Material and Methods

Shahr-i Sokhta (Fig. 4) or also called "Burnt
City," is located 56 kilometers southwest of
Zabol alongside the road to Zahedan. The site is
located in Sistan and Baluchistan province (Fig.
5), which forms a part of the Indo-Iranian Bor-
derlands. Climatologically speaking, it is among
the driest parts of the eastern Iranian Plateau
(28). Firstly, from 1967 to 1978, excavations were
conducted by the Italians and later Iranian re-
searchers resumed the excavations from 1997 up
to now, uncovering approximately 1,100 burials
out of about 40,000 inhumations (29, 30) in the
cemitery (Fig. 6). The site's cultural sequence co-
vers about 1400 years and is divided into four

main chronological periods. The graveyard, sepa-
rated from the residential areas, consists of about
25 ha, which could be considered among the
largest cemeteries of the ancient world. The da-
ting has been done according to the styles of pot-
tery in the burials. The pottery styles correspond
to the four periods that have been identified
within the site and that have been dated in this
way (31). The research was done on the archaeo-
logical data collected during the MAIPS (Multi-
disciplinary Archaeological Italian Project at
Shahr-i Soktha) expeditions at Shahr-i Sokhta
(2017-2021) kept at the storage of the excavated
materials on the site.

Fig. 4: Aerial photo of Shahr -i Sokhta
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Fig. 5: The location of Burnt City in eastern Iran

Fig. 6: Shahr-i Sokhta cemetery

Out of 96 adult individuals we studied: 33 ate
males and 55 are females, 8 individuals were un-
determined and all have been determined over 18
years of age. The high number of females com-
pared to males respects the percentage present in
the necropolis as confirmed by recent studies
(32). Due to the significance of these lesions on
bones, scientists have worked on grading these
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lesions. The CC and CO were taken following the
indications of Steckel et al (11) (Table 1). Data
has been utilized following the Data Collection
Codebook. This book for the Global History of
Health Project (GHHP) aids in documenting and
analyzing health records in different groups from
the late Paleolithic to the modern era.
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Table 1: Standard for scoring Co and Cr after Steckel et al (11)

Co
0 No orbits present for observation
1 Absent with at least one observable orbit
2 A cluster of mostly fine foramina covering a small area (51 cm2)
3 Substantial area (> 1 cm2) covered by small and/or larger foramina with a tendency to clus-
ter together.
Cc
0 No parietals present for observation
1 Absent with at least one observable parietal
2 Presence of slight pitting or severe parietal porosity
3 Gross parietal lesion with excessive expansion and exposed diploe
Results dividual, even with only one parietal or orbital C¢

We detected the presence of Cr on the parietals
and Co (Fig. 7) on the eye sockets on 96 skele-
tons. In the first step, we checked whether a skull
bone existed to check the cribras. In some sam-
ples, there were no suitable items for examina-

was observable in 45 females, which means we
could search for it, and was present in 14 females;
this sign was observable in 24 males and present
in 12; of 3 unsexed, it was present in 1. Co was
observable in 38 individual’s female and was pre-
sent in 7 individuals; in males, they were observ-

able in 14 individuals and were present in 2 indi-

tion. We found 27/72 C¢ (Tab. 2) and 10/57 Co
viduals; in 5 individuals, unsexed and were pre-

(Tab. 3) :considering that the ¢ribra are bilateral, .
we have considered the detectability for each in- sentin 1 case.

Table 2: Cribra cranii detected in the sample. n indicate the number of parietals present; n=0 indicates the number of
absent or unobservable sites; n (=1) the number of observed sites where cribras were absent; n(=2) the number of
sites where ¢ribra were mildly present; n(=3) severe forms of ¢ribra. Composition of the samples. % n = Percentage of
signs present. Percentages are made from observable sites

Cribracranii n n(=0) n(=1) n(=2) n(=3) %n(=1) %n(=2) %n(=3)

Female 110 23 60 25 2 68.96 28.73% 2.29
Male 66 19 24 23 0 51.06 48.93% 0.00
unsexed 16 11 3 2 0 60.00 40.00% 0.00
Total 192 53 87 50 2 62.59 35.97% 1.44

Table 3: Cribra orbitalia detected in the sample. n indicates the number of orbital present; n=0 indicates the number
of absent or unobservable sites; n (=1) the number of observed sites where cribras were absent; n(=2) the number of
sites where ¢ribra were mildly present; n(=3) severe forms of ¢ribra. Composition of the samples. % n = Percentage of

signs present. Percentages are made from observable sites

Cribvaorbitalia n n(=0) n(=1) n(=2) n(=3) %n(=1) %n(=2) %n(=3)

Female 110 37 59 14 0 80.82 19.17% 0.00
Male 66 36 26 4 0 86.66 13.33% 0.00
unsexed 16 7 7 2 0 77.77 22.23% 0.00
Total 192 80 92 20 0 82.14 17.85% 0.00
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Fig .7: Signs of Co. This skeleton was discovered in 2005 during the excavation of the burnt city (trench number
HYA 10; burial number: 5603). The holes present on the orbital roof of this skeleton can indicate traces of anemia
during its life.

Discussion

The presence of anemia markers in Bronze Age
skeletons from the "burnt city" suggests the peo-
ple may have suffered from infectious or congen-
ital diseases, improper diet, or other health condi-
tions.

According to available publications, studying
skeletal remains from 5,000 years ago or even
earlier can provide insights into the prevalence of
ancient infectious diseases using advanced mod-
ern techniques (33, 34). By leveraging interdisci-
plinary research, we can answer a wide range of
questions concerning the health and disease bur-
den of our ancestors. Macroscopic examination
of excavated bones with signs of disease can
guide researchers to select appropriate specimens
for further, more precise molecular tests. These
tests, however, are expensive and time-
consuming (35, 30).

In this study, during a wide observation of stored
excavated bones of Shahtr-i Sokhta, some of the
available human skeletons were precisely exam-
ined to identify the possible existence of infec-
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tious diseases on that time. Co-described upper
orbital lesions are typically in an active state of
bone remodeling in children, while they may have
begun to recover in affected adults (12). Alt-
hough a recent research indicates that Co might
not be related to anemia [38], this skeletal sign
that frequently were observing among ancient
humans' pathological lesions for years has been
widely accepted as the probable cause of chronic
iron-deficiency (12) although a recent research
indicates that Co might not be related to anemia
(37). Examining Co is however valuable even for
anatomists and radiologists in interpreting the
radiographs (38). Hominins and non-human pri-
mates have also exhibited porotic lesions of the
skull, including Co and Ph that might be due to
anemia (2). Infectious diseases could induce Co
in humans, which has been the main core of sev-
eral articles in paleopathology as a practical as-
pect to study ancient infectious diseases (5, 15,
39-41). Meanwhile, researchers have stated that
although the Ph and Co lesions that can be at-
tributed to anemia and infectious diseases the

Available at:  http://ijph.tums.ac.ir
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evidence of bone marrow expansion is also re-
quired to confirm it (2).

In this meantime the initial reason that attract our
attention to look for infectious diseases in the
Shahr 1 Sokhta archeological site is the ash layers
observable throughout the city, which was re-
vealed by archaeologists demonstrating the back-
ground of burning led to call there the burnt city
(42). Concerning the studied archeological site
that has apparently burned three times (43), ar-
chaeologists have not yet definitely answered the
cause of this puzzle despite of a large range of
wooden appliances has been obtained in the
Shahr-i Sokhta (44). Nevertheless, only one indi-
vidual's skeleton in this site exhibits burning
signs, suggesting dying in an unintended structure
fire (45). Conclusively and according to archeo-

logical excavations over the years and the reveal-
ing of diverse types of unearthed objects, the hy-
pothesis of the cause of an ancient infectious ep-
idemic in burning in this city can be overlooked.
Using the criteria of the Data Collection Code-
book (11), the morphology of ancient bones has
been examined in some research studies. For ex-
ample, in a study, skeletons belonging to 4780—
5450 BC were examined macroscopically accord-
ing to the standard published criteria in the data
code book, and rib lesions were graded in five
categories (0—4) for the presence of tuberculosis
(46). In another study, changes and joint degen-
eration of upper limb bones in males and females
in medieval Giecz, Poland, were investigated with
the use of this book (47).

Table 4: Stratigraphy of Shahr-1 Sokhta After: Gunnar Heinsohn Thrice Burned: Shahr-1 Sokhta in the Sistanbasin

42)

Variable

Conventional Dating

Dating from evidence

After unexplained gap of 1500 years until building
of nearby Achamenid city of Dahan-i Gulaman
Period IV

Use ruins reduced to max. 20 ha parallel to UR-III-
"sumer"

Third, last and most thorough FIRE

Period 111

Cultural climax parallel to period of Akkad on squr-
face over 100 ha. Imported ceramics from Mun-
digak (Afganistan) and the Quetta-Valley (Pakistan)
Linen, preserved under a salt-crust, contemporane-
ous with Troy 1I; Ugarit 11

Period 11

Parallel with eatly dynastic period II/IIT on 45 ha.
Making of beads of semi-precious stone. Spinning
and weaving of wool. Artificial eye

Period 1

parallel with early dynastic time I

Late neolitic

Early urban on maximum 20 ha. Proto-elamic cu-
neiform table and seal

6 centuries

6 centuries

from 2100 7 century Medes
until 2100 Fall of Assyrian empire
of Ninus.
8/7 century
From 2500/2400
Second FIRE
until 2500/2400 from 9 centuries
2800
First Fire
until 2800 9 centuries
from 3200
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The advanced approach in paleopathology fre-
quently inspire the implementing of new, sophis-
ticated technical methods. The development of
new, sophisticated technical methods. However,
data gathering and macroscopic interpretation
form the foundation of all skeletal analyses (48).
Anemia, stress, and mortality in a historic Portu-
guese skeletal sample were identified using the
Global Health History Project (GHHP) (11).
This study determined the incidence and preva-
lence of porotic hyperostosis and cribra orbitalia
as a measure of population health in a Portuguese
sample with known demographic information
(49).

The main focus on this study was to look for the
status of infectious diseases with specific regard
to malaria by finding the signs of anemia by suc-
cessful tracking of few paleopathological indica-
tions among 96 individuals. Although the in-
crease in sample size could have tracked more
signs of the presence of infectious diseases like
malaria in this archeological site, we should not
ignore the heritage and cultural limitations faced
by the researchers. A message whose role is to
preserve ancient works. This is when paleoparasi-
tological investigations in 2017, has documented
only one Physaloptera spp. parasite out of 320
studied skeletons in this archeological site (50).
Releasing the present paper indicates more inves-
tigations still needed to be conducted to achieve
more information on the health status of this an-
cient site. Many skeletons are still underground
and have not been excavated. In addition, many
of the skeletons examined in this study were in-
complete in anatomical structure.

Conclusion

In this study, the presence and severity of the
most frequent degenerative skeletal anomalies,
including Co, C, and Ph, were evaluated in skele-
tons. These characteristics can guide researchers
in obtaining samples appropriate for further ex-
cavations in future plans. Bones include infor-
mation about a person's life, such as their origin,
their age at death, and the diseases they endured.

1424

Researchers can infer much about a person's life
and human evolution from them. Tracing the
diseases of the distant past is actually indebted to
the visible pathological signs in the excavated
skeletons which the causative pathobiological
agents of these disorders can also be confirmed
using modern diagnostic techniques. In addition,
having information about the past and the epi-
demics and diseases that we can find evidence of
is a powerful tool to understand the conditions of
the world today. These findings are also helpful
to predict the possible emerging and/or reemerg-
ing diseases in the future. With more specialized
studies and biological investigations of ancient
skeletons, we hope to answer several of basic and
challenging questions for archaeologists. Paleo-
pathology has made a lot of progress, but future
research can do a lot more to help make sense of
what has been learned about health and disease in
the past.
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