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The Pr ésiPhagrytr us

Greetings Amarnaphiles,

| hopethat you are enjoying your summer and that it is not to
where you live.

In a recent communication from Barry Kemp, he told us that p
for a season of work at Amarna have been approved by the EQ)
Ministry of Antiquities and will commence Septbar 20. This is
good news because there is so much yet to be done and yo
remember that not too long ago, Barry was not allowed to wo
Amarna because of fAsecurity

foreign archeological missions. But it wowdpear that things hav
stabilized in Egypt politically and things seem to be getting back
state of normalcy.

As you all know now, this is the season for membership rene
For those of you who have done so, | want to thank you. Ang
those ofyou that have yet to do so, | sincerely hope that you wi
hope that you continue to enjoy our newsletter and believe that
continues to be accomplished at Amarna, as reported in the a
of our newsletter still deserve your financial suppotielped found
this organization over twenty years ago and | still believe in
mission to day as when we started. Thanks for your support.
me mber 0s

| wi s h al | of

summer.

our

Best wishes to you all,
Floyd




Tracking Malaria at Amarna

By Nicole E. SmitHGuzman, Ph.D.
Smithsonian Tropical Researtfstitute

How can we detect mal aria in the human skel et
Cemetery? What is the likelihood that malaria at Amarna (the center of naae EFEgypt) could spawn a
twentyyear epidemic more than 2,000 kilometevgag in the Hittite capital off a t t(thejcanter of
modernday Turkey)? These were the questions that | faced as | began my job as research assistant f
Amarna Project bioarchaeologist Jerry Rose in August of 2011 As | very quickly discovered, these
guestions were anything but simple, leading me to spend the next four years of my life dedicated to the
pursuit of their answers.

| began my research by learning as much as | could about the disease and its behavior in modern populatio
Malaria is a facinating disease, whose longe@eolution with humans (and likely our hominin ancestors)
advanced a myriad of techniques by which the pathbgeatozoans of the gentdasmodiuni continues

to wreak havoc on human populations today. Each of the fonammunalaria species generates a similar
but unique reaction in the body, with each having different incubation periods, fever wave rates, anc
potential to cause a relapse by hiding parasites in the liver. Acute diseases (i.e., those which do not reme
adive in the body for months or years on end) typically do not leave their trace on the human skeleton
however, malaria is a special case given that it is both an acute and chronic disease simultaneously. Ea
infection lasts around one month, dependingtlte species of malaria, but individuals may be infected
mul tiple times, causing chronic 11| nessshouldben o
possible for malaria to leave its trace on bones. The reason why this skeletal mamife$tatlaria had

never beeimvestigatedn the paleopathological literature was likely the same reason we still do not have a
functional malaria vaccingit is a highly complex and highly variable disease.

Figure 1. Inferior view of the craium from a Galloway collection
individual showing cribra orbitalia.

The hemolytic stage of malarial infection is what makes us feel sick. It is the simultaneous explosion of rec
blood cells in our bodies, releasing thousands odgie clones and their waste products into the blood
stream, provoking severe malarial anemia in addition to the typical symptoms of fevers, chills, and malaise
Anemia has long been connected with porous lesions on the cranial vault and eye orditpacatie
hyperostosis and cribra orbitalia, respectively. Although these anemic lesions were thought to be cause
principally by a diet deficient in iron, some authors have pushed back on this theory recently, implicating
megaloblastic anemia (like thedused by vitamin B deficiency) and hemolytic anemia (caused by malaria
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and other infectious diseases) as the primary causative agents. In this scenario, we would expect to s
drastic differences in the frequencies of skeletal indicators of anemia beaness of the world with
rampant malaria and those places with no malaria.

This theory of increased anemic lesions in malarial areas
demonstrated just six months after | began my malarial rese
in an article focused on malarial prevalence in Britain. Int
2012 article, Gowland and Western showed that higher ratg
porous cranial lesions followed spatial patterns of low, mars gL : i
environments, historical ca R ld a
distribution of the malaria mosquito vector. Such a raetaysis PRI ; 3
should be possible using the vast published literature orac
orbitalia in the Nile Valley, Jerry Rose encouraged during
discussion of the article. So | set out to do just that in the su
of 2012, wi t h Roseods cabi
Egyptian and Nubian skeletons as an invaluable resource.
study, which | later published in 2015, showed a steady ratq
cribra orbitalia over time and space in the Nile Valley steady
highrate. With an overall mean of 43% of individuals showi
evidence of the porous orbital lesions, cribra orbitalia was m
more frequent than at any of the sites surveyed by Gowland
Western in Britain. What could account for this difference jf i
anemia? There were several possibilities including differences
nutrition, exposure to tropical diseases, and the virulen¢keol
malaria species (i.eR. falciparummalaria in Africa would have
been much more severe thHnvivaxmalaria in the British Isles).
For me, this study emphasized the need for better diagnostic criteria for malarial infection on the skeletor
one whch considered not only the cranium, but postcranial lesions and their dynamic interaction. As
malaria paleopathologist Teddi Setzer reasoned over coffee with me in April 2012, someone needed to ¢
study a skeletal sample of known malarial exposure tavsatlesions showed up. That someone, | thought,
might as well be me.

Figure 2. Medial view of the left
humerus from a Galloway collectiol
individual showing humeral cribra.

Figure 3. Anterior view of the proximal femora from a Galloway collection
individual who died of anemia showing bilateral femoral cribra.
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Figure 4. Right lateral view of the thoracic vertebrae (left) and anterior view of the sacrum (right) from a
Galloway collection individual who died of anemia,
showing large porous lesions to the bodies.

Figure 5. Medial view of the right tibia from a Galloway collection
individual showing periosteal new bone formation.
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Through contacts with my dissertation committee member, paleoanthropologist Mike Plavcan, | was
directed to the Galloway a=tlogical collection, housed in the basement of the Anatomy Department at the
Makerere University Medical School in Kampala, Uganda. Here, | was assured, | would find that most
individuals would have had malaria and would have received treatment olyeresases. Since these
were individuals who had died in a hospital, most were associated with a specific cause of death. As
prepared for a skweek research trip studying the collection in Uganda, | received two pieces of advice that
allowed my resaah to take a more epidemiological approach. First, Jerry Rose recommended that | set uy
my data as a cohort studyor every individual | analyzed who had died of malaria, | would analyze another
individual of the same age and sex who had died of sangettise. This way | could be sure that
demographical factors were not influencing my results. The second piece of advice came from Cambridg
paleoparasitologist Piers Mitchell, who suggested that | compare my findings with a similar reference
collectionfrom a nonmalarial area as a control sample. | decided to use data | had already collected on the
|l esions present in the forensic collection at L
comparative sample. So in July of 2013, loffent to Kampala.

Figure 6. A view of Kampala from the tower of the Uganda National Mosque.

In the Ugandan collection, | found that indeed porous lesions were common, not just in the cranium, but ir
focal areas of the humeral and femoral necks, as well as in the spine. These were accompanied by periost
new bone formation in the lower limb bes) signaling generalized inflammation. All lesions were found

at higher frequencies in individuals who had died of malaria. In comparison with the control sample, |
found that the Louisiana skeletons had much lower rates of porous and inflammatolgsbmrsethan the
Ugandan skeletons in general. To account for the potential of other nutritional and infectious causes
these lesions, | developed an outcome algorithm using the Ugandan malarial individuals as a gold standa
for positive malarial diagwsis. | tried different combinations of lesions until | found the one with the least
false positives. Individuals most likely to have had malaria needed at least one lesion of anemia, and or
inflammatory lesion. This made sense with what | knew abaiamai illness involved high fevers causing
general inflammation, and hemolysis causing severe anemia.



At this point | was finally ready to address t|l
Amarnads Sout h To mfesce @ mateea darmgy the Amarria @eriqd had recently been
demonstrated through the ancient DNA of the pharaoh Tutankhamun and other royal family members wh
once lived at Amarna. Tutankhamun himself was found to have a double infection of two dsfierest

of P. falciparummalaria at his time of death. Thus, the city was likely endemic for malaria during the
Amarna period. If my metanalysis of cribra orbitalia in the Nile Valley was any indication, malaria had
been present in ancient Egypt sibedore dynastic times. To calculate a probable prevalence of the disease
on the norelite population, Amarna Project bioarchaeologists Jerry Rose, Gretchen Dabbs, and Heidi Davis
worked to record each of the lesions identified as being associated Watiarf@a each of the South Tombs
Cemetery individuals. By inputting this data into the outcome algorithm, | calculated that approximately
half of the Amarna individuals showed evidence of a recent malarial infection on their skeletons. New datz
from theNorth Tombs Cemetery, currently being excavated and analyzed by Anna Stevens and Gretche
Dabbs, suggests an even higher prevalence of malaria in the individuals buried there.

Hattusa

Amarna

e ™ ™=
0 200 400km

Figure 7. Map of the Near East showing the prolealalking route from
Amarna to Hattusa with likely site of conflict marked in between.
Map created and modified using ArcGIS® software by Esri.

6



But what of the Hittite plague? From the ancient texts left by both Egyptians and Hittites, we know the tw
civilizations maintained contact, and that just previous to the aforementioned plague in approximately 132(
BCE, Egyptian prisoners of war had been brought into the capital ciyaot t whela purportedly
spawned the epidemic. After the plague killed the Hittite king and his successor, the third in line Mursili 1l
describes the epidemic as affecting all peoples, regardless of age or class. Although many possibilities ha
been suggestieas to the cause of this plague, malaria fits the profilaving a long incubation period of
around two weeks and being indiscriminate of age or class, particularly in naive populations with little or
no previous exposure to the parasite. Paleoclinegtenstructions suggest a warm and wet period between
1500 and 1100 BCE, allowing for increased mosquito population size and geographical range. The
dominant malaria vector in Anatolia todayAisopheles sacharovia mosquito whose ability to live at hig
altitudes and overwinter would have allowdfalciparummalaria to gain a foothold in the capital city of

v a t tatuthe deight of the Hittite Empire. Movement of the population into and out of the rural outskirts
and surrounding villages would haveopided the fuel needed to keep the epidemic going for 20 years, as
lamented by Mursili 11.

So what does Amarna have to do with it? Since the city was abandoned around 1332 BCE, the forme
inhabitants, perhaps carrying the malaria parasite, wouldhs/éme to move throughout ancient Egypt,
including the region from which the Hittites took Egyptian prisomdraar ten years later. The high
prevalence of malaria in the population as suggested by the skeletal lesions at the Amaaiita non
cemeteris make it likely that this disease at least featured in this and other noted epidemics in the Near Ea
at this time. We are still trying to understan
through the analysis of the human skelezahains from the North and South Tombs Cemeteries. A heavier
burden of disease on certain demographicgmabips could reveal whether this disease was endemic,
epidemic, or both. What is increasingly clear is that malaria loomed large in the dailpflisasient
Egyptians during the Amarna period and beyond.

Further reading:

R.L. Gowlandand A.G.Western Mabbidity in the marshes: using spatial epidemiology to investigate
skeletal evidence for malaria in Ang&axon England (AD 420050)6Amerian Journal of Physical
Anthropology147(2012),301-11.

Z.Hawass efAnakstdéy and pat hol ogy O6UonrnaKafthegAmdrivanh a n k h a1
Medical Associatior303(2010),63847.

N.E. SmithGuzman érhe skeletal manifestation of malaria: Apidemiological approach using
documented skeletal collectioddmerican Journal of Physical Anthropolof$8(2015),624-35.

N.E. Smith-Guzméan &ribra orbitalia in the ancient Nile Valley and its connection to mafaria.
International Journal oPaleopathologyl0 (2015),1-12.

N.E.Smith-GuzméanJ.C.Rosea n d K. Beyonkl tnendifferential diagnosis: New approaches to
the bioarchaeology of the Hittite Plagdk M.K. Zuckermarand D.L.Martin (eds), New Directions in
Biocultural Anthropology Hoboken, NJWiley-Blackwell, 2016, 295316.



View across the South Bank of the Amarna Cemetery, photo by Anna Stevens

Wendy Dolling excavates an undisturbed burial of three children
interred together in a grave at the NortmBgphoto by Anna Stevens
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