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Abstract

Malaria has been an important disease throughout the history, particularly in
the Mediterranean. The island of Sardinia (Italy) was characterized by severe
endemic malaria from antiquity until its eradication in 1950. It provides an
exceptional and unique site to examine the history of the disease and its ef-
fects on human biology and ecology. Endemic malaria can cause chronic he-
molytic anemias that may result in osteological signatures. This paper ex-
amines these markers, Porotic Hyperostosis (PH) and Cribra Orbitalia (CO),
which are identified from skeletons uncovered in archaeological excavations
in Northern Sardinia. Previous hypotheses based on historical references and
genetic data suggest that the disease was absent on the island in prehistory
and was imported, probably by slaves, during the Carthaginian period (6th to
3rd century BC). This article reports on the paleontological analysis of 283
skeletons excavated from seven archeological sites dating from 4700 BP to
1582 AD. Osteological remains were examined for markers CO and PH as a
proxy variable for malaria. The findings support previous hypotheses about
history of malaria over time.
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1. Introduction

Within Mediterranean Europe, Sardinia had the misfortune of being both mala-
ria ridden and characterized by high mortality rates due to the co-existence of
Plasmodium falciparum and Plasmodium vivax strains. This was temperate cli-

mate malaria, with an annual epidemic peak in summer because of P. vivax. In
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Sardinia, the disease was a critical historical factor that shaped population ge-
netics, economy, and culture [1] [2]. The island is an exceptional and unique lo-
cation for examining the history of malaria in a particular ecological context be-
cause of the existence of ancient texts from the 1st century BC until the post-
WWII eradication of the disease. This documentary evidence can now be sup-
plemented with bio archaeological data.

The current consensus about the history of malaria in Sardinia, particularly
the question of when and how the disease became endemic, is as follows [3]. The
indigenous Sardinian population built many impressive megalithic structures
called Nuraghe erected between the Bronze and Iron ages (Nuragic Period).
During the Pre-Nuragic and Nuragic periods, malaria was very rare or absent.
According to entomological studies, the primary malaria vector, Anopheles la-
branchiae, was indigenous to the island and pre-existed human habitation [4]
[5]. Malaria was probably imported in 6th century BC during Carthaginian con-
tact, when the invaders brought Berbers slaves from North Africa to cultivate
parts of the Campidano, a fertile plain near the middle and south of the island
characterized by multiple swamps. These ecological and epidemiological condi-
tions of concentrated slave labor and conditions favorable for mosquitoes al-
lowed the diffusion of the disease to native groups.

During the Roman domination (238 BC-456 AD) numerous authors maligned
Sardinia as an “insalubrious island.” Their descriptions of an endemic disease
seem consistent with febrile symptoms of P. vivax (“Benign Tertian”) or P. ma-
lariae (“Quartan”) [2]. In the early first century, Strabo, the famous geographer
of antiquity (60 BC-24 AD), provided a type of malaria map showing that the
disease was probably confined to coastal and inland plains. In his classical trea-
tise Geography, Strabo also observed that the island was unhealthy in summer
and limited to the more fertile plains. Also in the early first century Titus Livio
(59 BC-17 AD) in his book Ab Urbe Condita [6] states that during the Second
Punic War, governor Quintus Mucius Scaevola became ill in Sardinia with a
disease that was long but not fatal; it was probably the “Tertian” by P. vivax, ac-
tive all the year [2].

The current consensus is that the prevalence P. falciparum increased signifi-
cantly, between the 8th and 13th centuries, possibly coinciding the climate shift
called the “Medieval Warm Period” [7]. The presence of malaria, locally called
Intemperie [8] was reported by many travelers, local observers, physicians, and
other scholars during the 15th through 17th centuries.

For the first two decades of the 20th century, the average annual number of
deaths attributed to malaria in Sardinia oscillated between 2000 and 2200 [9].
This corresponds to a mortality rate of over 250 per 100,000; the highest malaria
mortality rate in contemporary Africa is 75 per 100,000 [10]. Malaria mortality
on the island decreased significantly after the unification of Italy and a series of
natjonal laws begun in 1900 assuring the distribution of quinine through a sub-
sidized state monopoly [6] [11]. In the three years following the initiation of

these laws, the malaria mortality rate in Sardinia decreased from 250 per 100,000
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to 154 per 100,000. Further anti-malaria efforts lowered the island’s malaria
death rate to 55 in 1930 and 25 in 1940. Malaria was completely eliminated from
Sardinia in 1950 after a massive DDT campaign directed by the Rockefeller In-
ternational Health Foundation [2] [11] [12] [13].

2. Methods

All human bones discovered by archaeologists in the seven sites were excavated
and transported to the paleoanthropology laboratory at University of Sassari us-
ing standard procedures [14] [15]. All osteological materials were well preserved
and previous research demonstrated that they had maintained their morpholog-
ical and molecular structures [16] [17]. Complete skeletal biological data was
collected for each skeleton, as conditions allowed, for variable including age, sex,
stature and indications of general health [14] [16] [17] [18] [19] [20]. Standard
paleopathological techniques for description and analysis of lesions or other pa-
thological markers were utilized with special attention to PH and CO in crania
[14] [18] [19] [20] [21] [22]. Porotic Hyperostosis (PH) is characterized by in-
creased thickness of the cranial bone (hyperostosis) together with a porous or
spongy appearance of the outside covering of the cranium. When the porous
character is found in the thin osteological anterior ceiling of the orbital cavity, it
is labelled Cribra Orbitalia (CO). As such, CO is marker of a lighter form of
anemia while CO associated with PH is characteristic of a more severe form of
anemia [23]. An image of CO from the current sample is seen in Figure 1.

The archaeological excavations described here represent a long period of time,
from 4700 BP to 1582 AD that can be divided into five periods-1) Pre-Nuragic
(~4700 BP); 2) Nuragic (~2700 BP to 238 AD); 3) Roman occupation (238
BC-456 AD); 4) Medieval (5th-15th centuries); and 5) the Bubonic Plague in the
city of Alghero (1582-1583). The archaeological sites, radiocarbon dates, the
number of individuals by sex and average age, number of infants and total
number of skeletons are found in Table 1.

The specific archaeological sites were: 1) Pre-Nuragic-Ossi, “S’adde ‘e Asile”,

Figure 1. Cribra orbitalia in left orbit, San Nicola (Sassari) [Medieval].
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Table 1. Characteristics of sites and skeletal samples for prehistoric and historic periods.

Pre-Nuragic (Neolithic)

Period

Nuragic (Bronze)
Roman
Medieval

Plague

Sites

2

1

C!" Dates Sub-Adult #M Age-M #F Age-F Total Individuals
4712 - 3594 BP 60 41 26.7 53 28.7 94
2750 - 2561 BP 10 29 30 30 50 59
1%-3" Cen. AD 2 21 31.5 16 29.6 37
13"-15" Cen. AD 4 32 30-39 31 30-39 63
1582 AD 0 12 20-29 18 20-29 30

Sassari Province; Ossi, “Noeddale” Sassari Province; 2) Nuragic-Ittiri “Sa Figu”,
Sassari Province; 3) Roman-Alghero, “Monte Carru”, Sassari Province; 3)
Medieval-Sassari, “San Nicola, cimitero esterno”, Sassari Province; Alghero-“Lo
Quarter”, Sassari Province; 4) Alghero Plague cemetery (Modern era)-“San

Michele”, Sassari Province.

3. Discussion

Many authors agree that there is a relationship between chronic anemia and the
paleopathological signs of Porotic Hyperostosis and Cribra Orbitalia [21] [22]
[23]. This relationship has been discussed within bioarchaeology for a long time,
beginning with Angel [24] who argued that CO and PH were indirect indica-
tions of malaria in Greece and the eastern Mediterranean. Angel’s hypothesis
was partly based on writings from the classic age; as we do here. On the other
hand, paleopathologists of ancient Native America, specifically the Southwest,
have traditionally considered PH a marker of anemia caused by nutritional stress
and iron deficiency [23] [25] [26]. The climate of the Southwestern North
America does not support malaria transmission; therefore Angel’s hypothesis
does not fit that context. The idea of a binary nutrition vs. malaria is untenable.

However, Walker and colleagues have recently argued that hemolytic anemia
can be acquired by numerous factors besides iron deficiency [27]. Instead, they
refer to anemias caused by chronic parasitic infections, like malaria, as well as
congenital conditions of Thalassemia, Sickle-Cell trait-all of which are well
known to be balanced polymorphisms that are adaptive in the context of severe
malaria and have been characteristic of Mediterranean populations [28] [29].
The close relationship between the distribution of such abnormal genes and ma-
laria has been demonstrated many times with data from Sardinia ([30] [31] [32]
[33] and other localities [24] [34]-[39]. Paleopathologists of the Mediterranean
basin consider skeletal remains with PH to be a sign of chronic hemolytic ane-
mia caused by malaria, thalassemia, and sickle cell disease.

Based on excavations in central Italy (Umbria), Soren [40] has described eco-
logical and archaeological contexts which are best interpreted as evidence of
malaria epidemics. Soren’s case seems unique in that the cemetery at Lugnano
consisted exclusively of infants. Furthermore, Sallares and Gomzi [41] have re-
ported the extraction of DNA from Plasmodium falciparum from infant burials

in Italy during the Roman period. This evidence suggests that it is reasonable to
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assume that in the paleopathological context of Sardinia in the past, PH and CO
were primarily the expression of chronic anemia as a consequence of malaria.
This assumption is also based on numerous historical documents regarding Sar-
dinia from various historical periods. Future analysis of the stature of the pre-
historic populations (especially from the Nuragic age)—an ongoing effort of the
current research—will also provide evidence for hypothesis that PH and CO in

Sardinia is best considered evidence of malaria.

3.1. Findings

Table 2 presents findings on the frequency of CO for the five prehistoric and
historic periods. In general, CO is very low or absent in earliest archaeological
sites as hypothesized [3]. In laboratory analysis, the single diagnosis of CO in a
Pre-Nuragic cranium was equivocal. The absence of CO during the Roman pe-
riod may be related to the fact that skeletons in this sample are from Northern
Sardinia sites, where there were far fewer Roman latifundia than in the Campi-
dano.

The very high prevalence of CO in the plague cemetery of 1582 is interesting
and deserves further historical study. It will also be important in the future to
combine these results with some earlier paleopathological descriptions from
previously excavated sites which, unfortunately, do not contain sufficient infor-
mation for precise comparison [23] [25] [26]. These earlier reports suggest that
there were different histories of malaria in Sardinia for different areas of the isl-

and.

3.2. Limitations

As in all research using paleopathological methods, this study has significant li-
mitations. These include: the opportunistic method for finding skeletons results
in small numbers and non-random sampling that make statistical comparisons
inappropriate; diagnosis of PH and CO is observational and subjective; the ma-
terials are all from North Sardinia and cannot be representative of the entire isl-
and; the analyzed skeletons did not include many infants and children, a subpo-

pulation more sensitive to malaria and anemia.

Table 2. Cribra orbitaria or cribra crania for prehistoric and historic periods.

ib bitari P t
Period Total Individuals Cr r‘a Orbi arl.a or erf:en
Cribra Crania Cribra
Pre-Nuragic 94 1 1
(Neolithic)
Nuragic
59 0 0
(Bronze)
Roman 37 1] 0
Medieval 39 6 15
Plague 30 15 50
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4. Conclusion

Fortunately, Sardinia is a unique case of a malaria endemic regional that can be
studied by both historical documents and bio archaeological methods. The his-
torical texts are ancient, dating to the Roman period, and are supported by oste-
ological evidence as described here. Reconstructing the long history of malaria in
Sardinia is an important part of understanding the long-term influence of the

disease and its relationship with ecological change.
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