Zoonotic Disease: Identifying one from the symptoms of many.
Zoonotic diseases, transmittable between human and animal hosts, are found throughout the world among every population. Zoonotic diseases present major problems, because of their nature, it makes them very hard to identify especially in terms of differentiating between strains. Many zoonotic diseases have similarities between strains that make it very difficult to differentiate, this difficulty then becomes amplified when dealing with the archaeological record. The likelihood of an individual being exposed to a zoonotic disease increases once the domestication of animals and plants is introduced. The increased exposure to animals in restricted environments in turn increases the risk to an individual. Certain approaches demonstrate this link between humans to the surrounding world, one example the epidemiological triad, this links host, pathogens, and the environment (Bendry, et al., 2020). Another approach being the One Health (Bendrey & Martin, 2021) approach, which links the health of the human, animal, and environment together. The One Health (Bendry, et al., 2020) approach marks a movement away from an anthropocentric view towards zoonotic diseases and acknowledges the possibility for them to be transferred from humans to animals as well as vice versa. Diet is one of the many indicators and causes of an individual contracting a zoonotic disease. While a limited diet can restrict the number of diseases available for an individual to contract, a wider diet increases this number. As Fournie (2017) discusses using the Americas prior to colonisation, the diet was greatly varied and as such the evidence for zoonotic diseases is found in abundance. Linked to the dietary restrictions of zoonotic disease is the concept of geographical constraints. Certain geographical areas provide an exposure to new animals, this in turn increases the risk of contracting a new zoonotic disease. This also means that it is only possible to contract certain zoonotic diseases in certain regions. These regional specific zoonotic diseases can also be susceptible to the surrounding environment, as Bendrey (2021) discusses. These diseases can be affected by changes in temperature, soil biology and other environmental changes. Changes can often mean that the variables are no longer suitable for the zoonotic disease to survive, hence why certain diseases cannot exist outside of certain regions. 
Many zoonotic diseases present similar symptoms, both when the host is living and dead. This makes pathologies of zoonotic disease very difficult. One of these is the bacterial infection known as Brucellosis, potentially one of the most common bacterial zoonosis in the world. The bacteria that causes this infection is a rod-shaped aerobic bacterium, which is transferred to humans via skin abrasions from direct contact with infected animals or through the ingestion of infected animal products, most commonly dairy. The primary symptoms of Brucellosis present as a respiratory illness and fever which then later moves to causing issues with the skeletal tissue, with the incubation period for the infection being anywhere between three weeks to a few months (Mutolo, et al., 2012). Brucella also often has a negative effective on the reproductive system of the host, it can multiply in the placenta of a pregnant host which then induces an abortion, following pregnancy it can live in the mammary glands of the host, shedding through the milk and then infecting others through ingestion (Bendry, et al., 2020).The osteoarchaeological methods of identification of Brucellosis use indicators which are localised in the skeleton, especially within the vertebrae and synovial structures such as joints (Bendry, et al., 2020). Pathological features that Brucellosis present are osteolytic lesions with sclerosis of the spongy bone surrounding the lesions, as well as vertebral marginal lesions that have a ‘parrot beak’ feature, signs of ‘Pedro pons’ and ‘cauliflower signs’ on CT and radiographs (Jones, 2019). A result of studies surrounding the nature of how Brucellosis presents was that it showed in 20-80% of cases it resulted in lesions on the skeleton. Jones (2019) makes an interesting observation that a developing Brucellosis would make life very difficult for an individual and would ultimately make them dependent on others which would place strain upon the community they live in. While this observation is certainly true, it is an observation that can be made about many zoonotic diseases or any disease that has any negative impact on the function of day to day life for that matter. 
One of the ways that Brucellosis is observed in the archaeological record is through the osteological impact that the disease causes. The secondary infection that Brucellosis causes results in lesions osteolytic lesions and ‘parrot beak’ shaped lesions on vertebral lesions, as well as what becomes visible on radiographs and CT scans which is the ‘sign of Pedro pons’ and ‘cauliflower signs’ (Jones, 2019). An example of how these lesions are observable in the archaeological record is given by Jones (2019), discussing a site in Lower Pecos, Texas which contained the remains of at least thirteen individuals. Of these thirteen individuals Jones focuses her paper on one which she has named “individual 758a” (p. 255). This individual was not found as a complete skeleton and presented various post-mortem fractures to numerous bones that were present. The pathology reports of the skeleton showed two extraspinal lesions, one of these was found on the scapula. This lesion had jagged margins and measured 5 mm by 10 mm. The vertebra also showed lytic lesions, the largest being found upon the T11, L1 and L2 vertebra, these specific lesions cause the interior to have the appearance of being moth-eaten and CT scans showed that the vertebra had hollowed interiors. There were further vertebral lesions on the T8 and L3 vertebra, these were raised sclerotic lesions. These lesions showed evidence of a slow healing process. Some of the main evidence on the skeleton that supports the diagnosis of Brucellosis is found on the T4 and T5 vertebrae. The evidence is sclerotic bone projections that are like osteophytes or what became known as ‘parrot beak’, similar evidence was found on the T2, T3 and T6 vertebrae however these lesions were smaller in size. Another evidence for Brucellosis is ‘cauliflower signs’ that appeared on the L3 and L4 vertebrae. These signs are produced by erosion and sclerotic bone growth and are demonstrated as irregular anterior margins.  However, Jones (2019) also discusses how these symptoms do not automatically mean that the diagnosis of Brucellosis. The lesions could also be symptoms of tuberculosis, malignant tumours, echinococcosis, vertebral osteomyelitis, or spondylodiscitis. While the presence of the ‘parrot beak’ like features and the ‘cauliflower signs’ support the diagnosis of Brucellosis more than any of the others, this cannot be a definite diagnosis because the symptoms have cross over diagnoses. The other possible diagnosis can be put into context of the individual, a tuberculosis diagnosis is unlikely because of the predicted age of the individual (between 45 and 89 years old), this is because tuberculosis only generally causes death in younger individuals. Many of the other possible diagnoses can also be discounted because while some of the symptoms are consistent, many of the symptoms present in the individual are either not consistent with the diagnosis or symptoms are not present at all. An example is echinococcosis, a similar zoonotic disease but the secondary infection of this disease causes destruction of the vertebrae which is not present in this case. 
Another case where osteology is the main pathological method of diagnosis is in Southern Portugal (Curate, 2006). At the monastery site in Alcacer do Sal, the pathology of two lumbar vertebrae, both of which had lytic lesions. One of the lesions showed the possible formation of new bone, it was however irregular.  One of the vertebrae showed the ‘sign of Pedro-Pons’, a symptom that is attributed, as mentioned, to Brucellosis. Curate, as Jones did, points out that vertebral osteoarthritis presents similar symptoms, they also make an observation, that this could have resulted in misdiagnosis of Brucellosis when it was in fact vertebral osteoarthritis. While this is an interesting observation to make it is not definite and is an example of how diagnosing between diseases is incredibly difficult when dealing with the archaeological record. This case presents a small amount of evidence for the argument of a diagnosis of Brucellosis, with only two examples given, it does not provide enough for a definitive diagnosis to be given. It does however provide evidence that can be cross examined with others to understand how the vertebrae can be affected by diseases in this manner. 
A third case, discussed by Mays (2007), uses evidence found at Wharram Percy, an abandoned town in England. Mays is using remains found within the churchyard, 135 sets of remains were selected to be examined for vertebral lesions. This particular study focused on lesions that fit certain criteria, such as causing interruptions to the antero-superior or antero-inferior margin, and the loss of an approximate wedge-shaped margin. These criteria were met by 5 individuals, specifically 9 lumbar vertebrae between these 5 individuals. The margins of these lesions appeared sharp, and the surfaces were smooth, X-Rays showed sclerosis and there were no signs of bone regeneration. This case does succeed in discussing possible diagnoses for these lesions in a more detailed manor than any of the other cases mentioned. Mays discusses each possible diagnosis and then also gives details of how each diagnosis may not fit the pathology of each skeleton. For example, intervertebral disc degeneration which could cause the lesions however it was an unlikely cause at this site because some of the skeletons were aged to be too young to suffer from this and there were no signs of osteochondrosis which is a prominent symptom of intervertebral disc degeneration. Further examples given of a differential diagnosis are pyogenic osteomyelitis, unlikely because it usually involves the neural arch and the spinous process and the lesions showed new bone proliferation; actinomycosis, unlikely because it usually presents with superficial erosion of the anterior wall and new bone formation on the subperiosteal which was not present in these cases; then finally tuberculosis which is unlikely because once again it does not cause the specified damage to the vertebrae that is present in this case. Mays comes to the conclusion that the only disease that fits with the presenting lesions is Brucellosis, however they do also discuss the possibility of the lesions and damage being a result of trauma, which led to a traumatic anterior disc herniation. The addition of possible trauma further complicates the diagnosis process, osteology has not only the purpose of diagnosing a disease but also of determining injury. It is the distinction between the two and then between which diagnosis is appropriate that makes osteology an important part of the process to determine whether a zoonotic disease was present during the life of an individual.  
Osteology is a useful tool to use when trying to diagnose and use pathology studying the archaeological record. The cases presented however do provide an observation that osteology alone is not enough to give a definitive diagnosis. Many different causes may result in lesions similar to what Brucellosis may cause, and osteology alone cannot always determine which it is. Another method has been used to make a more definitive diagnosis, this method is PCR or Polymerase Chain Reaction. 
Identifying a pathogen on a molecular level is a sure and definitive method. Polymerase Chain Reaction has the ability to do this, this process works by taking a sample of DNA from the skeleton and then using the sample to identify markers of certain diseases using comparisons and examples of DNA impaired with the disease. Polymerase Chain Reaction has been used to identify a number of different pathogens including malaria, leprosy, syphilis and tuberculosis. This method is particularly useful when trying to distinguish between a tuberculosis diagnosis and a Brucellosis diagnosis. As mentioned, it is particularly difficult to distinguish between the two because the secondary infection of both diseases can cause lesions to bone tissue, commonly found on the spine, these lesions lead to a painful and difficult life. Brucellosis makes diagnosis difficult because of the variety in how it manifests on the skeleton, however Polymerase Chain Reaction makes it possible to extract DNA to identify Brucellosis markers. Mutolo (2012)discusses the use of Polymerase Chain Reaction when studying remains found at the site of Butrint, an ancient Albanian city. There were 48 sets of remains found at the site, of which there were 3 individuals that showed pathological signs of disease. All 3 of these examples exhibited lesions, on 2 of the individuals there were lytic lesions on the vertebrae and the third exhibited lesions on the skull and long bones. Of these burials, a select number and type of bone were taken and used to extract DNA samples, which were then examined for tuberculosis and Brucellosis markers. The presence of the lesions was enough for examination to be necessary, however the use of Polymerase Chain Reaction was definitely needed because the lesions did not show any of the typical features of a Brucellosis infection other than being present. The lesions showed no ‘parrot beak’ like osteophytes nor did they have any ‘cauliflower signs’ and so the case for a Brucellosis diagnosis based on the osteology of the bones is very loose but present none the less. The Polymerase Chain Reaction testing resulted in a positive detection of Brucellosis in the 2 individuals that had vertebral lesions from the site of Buntrint. In this study Mutolo (2012) is very clear about how Brucellosis is incredibly difficult to identify through osteology and unlike other studies makes it obvious that any diagnosis based on osteology is ambiguous because of the inconsistency of how Brucellosis presents in those that suffer from it.
A second case study that uses the Polymerase Chain Reaction method in conjuncture with osteology is discussed by Sokolov (2016) using an early Bronze Age site in North Caucasus where 5 burials had DNA extracted. Of the DNA extracted a number had confirmed tests for Brucellosis. These confirmed cases are thought to be the oldest Brucellosis with the context associating these early cases to early farming communities. This association could also link Brucellosis in a wider context and possibly imply that this was a fairly common disease in early Bronze Age communities. This study discusses how ancient DNA has the potential and tendency to degrade in a way and frequency that is seen more in DNA when it’s over 300,000 years old. This degradation of DNA can be useful to determine the age of a sample if it is otherwise unknown, however the study (Sokolov, et al., 2016) does also stipulate that it occurs as a result of using the Polymerase Chain Reaction. 
Using Polymerase Chain Reaction has, as demonstrated, a significant use when studying the evidence of zoonotic disease in the archaeological record as it can specifically identify which disease is present in that DNA through the markers it leaves behind. This new method is especially usefully when studying Brucellosis in the archaeological record because as mentioned in most case studies of Brucellosis the osteological evidence for it is very hard to identify because of the variety of lesions that it causes. While there are consistencies such as the ‘parrot beak’ like osteophytes and the signs of ‘Pedro Pons’ as with many other diseases, these are not present in every case and so cannot be used consistently. 
Diagnosing a zoonotic disease using the archaeological record is, as demonstrated, an incredibly difficult task. Using methods such as osteology, the process becomes simpler. However, osteology does have its limitations, symptoms may occur similarly across various diseases or they may also be caused by things such as trauma. These similarities cause problems when using osteology on its own because it becomes difficult to differentiate diagnoses. Alternatively, the use of Polymerase Chain Reaction has become increasingly more frequent. Polymerase Chain Reaction brings a definitive result for diagnosis, examining ancient DNA to find markers for potential diseases. While Polymerase Chain Reaction is incredibly useful in cases where DNA can be extracted, it is only useful when the DNA can be extract and when it cannot Polymerase Chain Reaction is no longer a viable procedure. In many cases experts will use both of these methods together, starting primarily with osteology then followed by Polymerase Chain Reaction if possible. The use of osteology first provides a narrowed list of possible diagnoses to reduce the list of markers that the extracted DNA used for the Polymerase Chain Reaction has to be compared to during the process. The use of both osteology and Polymerase Chain Reaction, together or separately, still has limitations that need to be solved. Until a method can be developed that can provided a definite diagnosis without the possibility of misdiagnosis either method must be examined and re-examined to evaluate the results and assure validity.  
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