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1.1 Introduction. 

 
After the Persian wars in the early fifth century BC, Athens and Sparta had become 

two of the most powerful city-states in Greece. At first, they were allies against the 

common threat of the Persians. However, in the aftermath of the Persian wars, 

political disagreements between the two leading powers led to the formation of two 

opposing groups: the Delian League and the Peloponnesian League. The Delian 

League led by Athens was a sea-based naval power, and the Peloponnesian League 

led by Sparta was a land-based power with a formidable army (Rhodes 1988, 23). 

Our main written source for the war between those two confederations is the late-

5th-century-BCE Athenian historian and eye-witness Thucydides, who wrote the 

History of the Peloponnesian War. Thucydides tells us that in 431 BC, Pericles, 

then the leader of Athens, devised a strategy for dealing with the superior Spartan 

land army by bringing a large part, if not all, of the rural population of Attica into 

the city walls of Athens and its harbor Piraeus. With this action, Pericles 

surrendered the Attic countryside to Spartan raiding, and Athens became de facto a 

besieged fortification. However, he maintained control of the harbor Piraeus to 

safely import food and other necessities by ship to supply the Athenian population 

within the city walls. Athens and Piraeus were connected by the Long Walls, which 

protected the road from the harbor to the main city and ensured the Athenians safe 

access to the port of Piraeus. 

When the refugees from the Attic countryside came into the city, they had 

to find shelter within the walls of the city. The influx of so many refugees caused 

overcrowding, which contributed to poor sanitary conditions (Th. 2.17.1). Already 

in the second year of the war, in 430 BC, a devastating epidemic disease broke out 

in Athens. Despite the presence of a first-hand account from Thucydides with 

details of the disease, modern historians have been unable to come to a consensus 

about the identity of the pathogen responsible for the epidemic.  

 The present study will examine the different factors involved in the spread 

of the plague in ancient Athens at the beginning of the Peloponnesian war and 

investigate how the refugee crisis caused by the military strategy of Pericles 

affected the rapid spread of the plague, Nowadays, countries experiencing high 

rates of urbanization are also suffering high rates of epidemic diseases. Many of 

these regions have poor living conditions with overcrowding and insufficient 

sanitation systems. Now that we know more about the causes of epidemic diseases 

in overcrowded conditions, we can use this knowledge to understand the conditions 

in ancient Athens during the plague and devise simple protocols for slowing down 

or preventing the spread of the disease. 

The main written primary source I am using in the present study is The 

History of the Peloponnesian War by Thucydides. Other important primary 

evidence is archaeological: skeletal remains claimed to be of plague victims, 



 

physical remains of houses, public buildings, water supply systems, sanitation 

systems, burial sites, etc. In addition I am consulting a variety of secondary sources 

that discuss population size and living conditions in Athens before and during the 

war, the factors that may have influenced the spread of the disease, and the potential 

identification of the disease. Using the most probable identifications of the 

Athenian plague, I will use a function derived from an SIR model (“S” representing 

the number of susceptible people, “I” the number of infections, and “R” the number 

of recovered or immune people) used in modern immunology to compare the 

conditions of the spread of these modern diseases to the conditions in Athens during 

the plague.  In modern times, standard immunological protocols have been 

developed for a number of epidemic diseases that have been suggested as 

candidates for the Athenian plague, and I will apply these hypothetical protocols to 

data for ancient Athens to see how they could have slowed down or stopped the 

spread of the disease. 

 

1.2 The Plague of Athens. 

 
Thucydides reports that Athens suffered the worst from the unknown disease, 

which affected anyone, no matter whether healthy or sick. He reports the following 

symptoms of the disease: headache, red eyes, red throat, bad breath, sneezing, 

hoarseness, coughing, vomiting, convulsions, body blisters, fever, thirst, 

restlessness, sleeplessness, bowel ulcers, diarrhea, gangrene, memory loss, the 

presence of an animal reservoir, and immunity (Th. 2.49.2-13). Based on the 

symptoms provided by Thucydides, modern historians had focused primarily on 

diseases such as smallpox, measles, and typhoid fever as potential identifications 

of the plague. 

In 2006 researchers used a mass grave with 150 bodies discovered in the 

cemetery of Kerameikos to conduct molecular DNA testing on the dental pulp of 

three teeth selected randomly from the bodies in the tomb (Papagrigorakis et al. 

2006). Using suicide PCR, which stands for Polymerase Chain Reaction, and 

primers of seven different diseases, they amplified the genes of interest. The tested 

diseases were plague, typhus, typhoid fever, anthrax, tuberculosis, cowpox, and cat-

scratch disease. By using a sample of microbial DNA from the teeth together with 

an enzyme that synthesizes DNA and a microbe-specific primer that signals the 

enzyme where to begin synthesizing new DNA, they are able to amplify the genes 

of interest (NCBI 2017). Once a single gene from the target DNA has been 

amplified, its genome is sequenced and inserted into the GenBank sequence 

database. The database compares the isolated sequence to all known sequences 

available, and provides a list based on base pair similarity. In this study, the 

researchers found a 93% similarity in the narG gene to modern Salmonella enterica 

serovar Typhi, which causes typhoid fever. They knew that it could not be the 



 

modern strain of this disease because there was not a 100% homology between the 

base pairs. They explain the 93% similarity by suggesting that there may have been 

a mutation of the strain over time. Indeed, such mutation was indicated by genetic 

sequencing of the ancient narG gene which showed the presence of 28 base pair 

changes, 25 of which were in the final codon. The changes in the final codon do 

not change its identity, so there are no biological consequences. However, the three 

mutations that are not in the final codon likely resulted in more significant changes. 

In fact, genetic testing into the examination of S. typhi genome 5% of the S. typhi 

genome has been inactivated by the presence of pseudogenes, which is indicative 

of significant biological changes, suggesting that the bacterial genome has mutated 

to better adapt its pathogenesis. Over time, genetic mutations may have allowed S. 

typhi to reduce its routes of invasion and focus on single human infection. (Wain et 

al. 2002: 165). This may explain why modern typhoid fever does not affect animal 

reservoirs, whereas it may have done so in ancient Athens, where Thucydides 

recorded animal infection by the plague. 

Cross-examination of the primary evidence provided by Thucydides and the 

primary archaeological evidence provided by Papagrigorakis et al. highlights a key 

discrepancy- the animal reservoir. The simple experiment performed by 

Papagrigorakis et al. makes it difficult to pinpoint the reason behind this difference. 

It is clear from their discussion that Papagrigorakis et al. did not compare the 

obtained DNA with more than seven pathogens. They simply stopped the study 

once they received a positive result, presumably because this type of study was very 

expensive at the time. However, the available database of pathogens has since 

expanded significantly, and it has become much cheaper and more efficient to run 

PCR. 

Thus, although an old strain of typhoid fever was most likely the causative 

agent that killed the Athenians whose teeth were analyzed, the results of this 

research are not adequate to definitively identify the disease. The experiment 

should be repeated with a larger sample size, and the genome(s) should be 

compared to more than the seven tested pathogens. We should at least consider the 

other diseases discussed by historians based on the similarity of their symptoms to 

those described by Thucydides. The ideal way to do this would be to sequence the 

entire genome of the DNA extracted from the teeth, and not just one gene at a time 

as they have done. However, this would be a very expensive, multi-million dollar, 

project. 

Since the DNA evidence is somewhat inconclusive, we can use Thucydides’ 

list of symptoms and compare these with the symptoms of known diseases. The 

following table lists other possible identifications of the plague considered by 

modern historians (Table 1). Some diseases such as bubonic plague can be 

eliminated immediately, as we know that the reservoirs for the disease--rats--were 

most likely not present in ancient Greece during this time period (Vigne 1994). In 



 

the following sections, I will choose three diseases-- typhoid, measles, and 

smallpox-- which were selected on the basis of their greatest similarity to 

Thucydides’ description of the symptoms to conduct the SIR modeling. One key 

difference is these three diseases, unlike the Athenian plague, do not affect an 

animal reservoir. The frequency of person- to-person and person-to-animal contact 

must have increased enormously within the walls of Athens at the time of the 

outbreak of the war due to the increase of inhabitants as a result of Pericles’ 

strategy. The following section will discuss the spike in population density and 

provide estimates for the size and density of Athens’ population after the influx of 

refugees.

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Hypotheses for the identification of the plague of Athens. This table lists diseases 

discussed by modern historians and scientists. The first row lists the symptoms provided by 

Thucydides. Symptoms in common with Thucydides’ description are in bold print. The stages of 

the symptoms are differentiated by a color change, i.e. the first stage is represented in blue, the 

second in green, the third in orange, and the fourth in yellow.

 



 

1.3 Population Densities in the Walled Areas of Athens and Piraeus. 
 

 

1.3.1 Population Estimates of Ancient Athens, ca 431 BCE. 

 
The polis of Athens encompassed the whole of Attica (around 2,527 km2), and was 

much larger than the walled areas of Athens and Piraeus (Morris 2005:15). Our 

primary source for the population size of the Athenian state is Thucydides, and 

modern historians disagree on how to interpret population data. This is why it has 

been difficult for modern historians to come to a consensus about the exact size of 

the population of the walled area of Athens and Piraeus after the refugee influx in 

431 BCE. 

Modern historians have used various methods to determine population size 

based on passages by Thucydides and other historians. In particular, Thucydides 

gives data about the numbers of land soldiers and triremes (ancient war ships) 

available to Athens at the beginning of the war in 431 BCE. In a speech to the 

Athenian assembly trying to bolster their morale as the war broke out, Pericles 

mentions that there were 13,000 hoplites of the active army and 16,000 hoplites on 

home duty to defend Athens. In addition, he mentions that there were 1200 

members of the cavalry, 1600 archers on foot, and 300 seaworthy triremes (Th. 

2.13.6-8; Table 2 below). 

A prominent modern historian, A. W. Gomme, used those military data as 

the foundation for his estimate. Adding together the number of male citizens, 

women, and children (172,000), metics (28,500), and slaves (115,000) gives a total 

of 315,500 people living in the Athenian polis in 431 BCE (Gomme 1933: 21, 26; 

Table 2). A higher estimate of 353,500 people can be proposed on the basis of 

estimates by Hansen (1988). The lowest reasonable estimate 292,950 people can be 

proposed on the basis of calculations by van Wees (2004: 241-243), who references 

Thucydides and Hansen in his analysis. The calculations for each estimate are 

shown in Table 2. Having reviewed the various population estimates of the 

Athenian polis in 431 BCE, I believe that it is reasonable to work with simplified 

estimates of 300,000, 350,000, and 400,000 inhabitants. 



 

 

 
Table 2. Estimated population sizes of the Athenian polis. The table lists population 

calculations based on data provided by various historians. The numbers listed in bold have 

been used in the calculation of the grand totals. 

 

Another issue of importance is what percentage of this total population 

would have lived inside the walled areas of Athens and Piraeus before the refugee 

crisis of 431 BCE. Later ancient historians such as Ian Morris estimate the 

population of the walled city of Athens as between 35,000 to 40,000, and the 

population in Piraeus as 25,000 (Morris 2005: 15). These population estimates are 

supported by scant published archaeological evidence of house sizes in Athens. The 

median 50% of houses in the mid-5th century BCE throughout Greece reported by 

Morris (2004) range from 110 sq. m to 180 sq. m. If we use the median of this 



 

range, 145 sq. m as the average house size, that means that up to 8275 houses could 

have fit in the domestic area of 120 hectares in Athens, with 4.2 to 4.8 people per 

household (Morris 2004: 772). John Travlos, on the other hand, must have 

envisioned a larger average house size in Athens. He states that Athens held up to 

6000 houses with around 36,000 occupants, resulting in 6 people per house (Travlos 

1971: 72). A typical family of 6 would have included parents, an average of two 

children, and one or two slaves or an elderly family member.

 

 
 

Figure 1. Evolution of house sizes in Athens. In the mid-5th century BCE the median 

50% of houses ranged between 110 m2  and 180 m2  (Morris 2004: fig.8). 
 

 

 

1.3.2 Area Calculation of Walled parts of Athens and Piraeus. 

 
The population densities in the walled areas of Athens and Piraeus both before and 

during the outbreak of the war and the plague must be calculated. The first step is 

to calculate the area inhabited by both residents and refugees within Athens and 

Piraeus. Morris stated that the walled area of Athens encompassed 215 hectares, of 

which only 120 hectares was used for domestic settlement (Morris 2005: 15). My 

measurements show that an additional 3 hectares were occupied by the Acropolis, 



 

and another 2 hectares can be estimated for enclosed sacred areas, which according 

to Thucydides were off-limit to the arriving refugees (Th. 2.17.1). This would have 

left approximately 90 hectares available for refugees in Athens. As for the other 

walled areas, Meera Patel calculated the total area of Piraeus as 473 hectares and 

the area between the Long Walls as 191 hectares (Patel 2017: 18). Compared to 

Athens, a much smaller area of Piraeus, around 60 hectares in the middle of the 

town, would have been used for domestic settlement, as some evidence for roads 

and houses has been found there (Fig. 3; Wycherley 1978: 263). In addition, we can 

estimate that another 80 hectares were taken up by harbor installations. The 

southern part of the Akte peninsula, ca. 150 ha, remained outside of the walls, 

however, and was therefore unguarded, so it is unlikely that refugees settles in this 

area. This would have left 150 hectares of open area for refugee settlement in the 

northern half of the Akte peninsula. In addition, refugees may have settled in other 

uninhabited areas in the north, which covered another 33 hectares. In total there 

were approximately 183 hectares available for refugees in Piraeus. 

 

 
Figure 2. Map of Piraeus with the estimated area of habitation. The areas in orange represent 

those available for refugees, and the areas in blue represent those used for domestic 

settlement (Wycherley 1978: 264). 

 

The total area between the Long Walls that ran between Athens and Piraeus 

was measured as 191 hectares, but since there was a deme called Xypete located in 

this area, I roughly estimate that only 90%, or 172 hectares, were open for refugee 



 

settlement (Traill 1975: Map 1). These numbers (90+183+172) give a total of 445 

hectares available for refugee settlement in Athens and Piraeus, and between the 

Long Walls. In all those areas, 199 hectares (120+60+19) would have been used 

for domestic settlement. 

According to Morris’ estimate, before the refugee crisis, around 65,000 

people occupied an area of 644 hectares in Athens and Piraeus. This gives a 

population density of 101 people per hectare. In order to estimate the population 

densities of the walled areas during the refugee crisis we will use the minimum and 

maximum population estimates of 300,000 and 400,000, and make calculations for 

two scenarios: one that assumes that 50% of the Attic population entered the walled 

area and one that assumes that 75% of the population came into the urban areas. 

The estimates are provided in Table 5 below.  

 

 
 

Table 3. Area calculations of domestic and refugee settlements at Athens and Piraeus  

(after Morris 2005: 15; Wycherley 1978: 264). 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Domestic population density in the walled areas of Athens and Piraeus  

before the war. 

 

 



 

 
 

Table 5. Refugee population density during plague years. The minimum population is based 

on an estimate that 50% of the Attic population of 300,000 entered the walled area of Athens-

Piraeus. The maximum population is based on an estimate that 75% of the Attic population of 

400,000 entered the walled area of Athens-Piraeus. 
 

 

 

If we accept the maximum population estimate, the population density more 

than quadrupled during the war and plague. With such a large population density, 

it is likely that diseases with fast transmission rates would have spread much too 

quickly. On top of the overcrowding, another potential factor involved in the spread 

of the disease is the fact that Athens was dependent on a simple sanitation system 

that was overtaxed during the population influx.  

 

1.4 Athens’ Strained Sanitation Systems during the Outbreak of the Plague. 

 
Thucydides tells us that as the plague entered Attica, it first affected the residents 

of the port of Piraeus. The Athenians at first believed that the water reservoirs had 

been poisoned (Th. 2.48.2). Ancient Athens relied on structures such as wells, 

cisterns, and aqueducts to supply water, and they used cesspools for waste disposal 

(Wycherley 1977: 240). Although simple, these systems worked well for the 

population of Athens before the war. However, these systems were strained under 

the influx of refugees at the beginning of the Peloponnesian war, as they had not 

been constructed to support such a large population. 

Thucydides clearly states that the plague was the worst in the most 

populated areas, indicating that the refugees from the rural countryside must have 

suffered more than the urban population (Th. 2.52.1). Unlike the citizens of the city, 



 

most refugees did not have access to houses and had to live in crowded huts and 

shacks (Th. 2.17.2-4). These overcrowded conditions must have taxed the water 

supply systems. Athens relied mostly on wells and cisterns for the private 

residential supply of water (Camp 1977: 106). The Athenians used channels cut 

into rock to bring water from mountains to the city and terracotta pipes to run water 

to public buildings (Wycherley 1978: 250). These water supply systems were 

sufficient for the pre-war population of the walled areas, and would have been 

strained by overcrowding. 

Not only did the people have to bring water into homes, but they also needed 

a system to remove waste from their homes. Athens during this time had a crude 

sanitation system consisting of cesspools to dispose of liquid wastes (Wycherley 

1978: 240-41). Athenians also tended to leave garbage behind in the streets, 

aggravating disease outbreak, as wastes are a breeding ground for disease-causing 

organisms (Adorni and Giannelli 1970: 39). It was not uncommon for people to use 

a garden or the street as a toilet, further risking the spread of disease through feces, 

which harbor bacteria (Wycherley 1978: 251; Adorno and Giannelli 1970: 47). 

Also, the refugees from the rural countryside likely did not follow the same 

sanitation etiquette as those from the city. Moreover, Thucydides says that people 

became careless during the plague, and some patients even jumped into cisterns to 

seek relief from their hot fevers (Th. 2.49.5; 2.52.3). 

Another factor that would have strained sanitary conditions during Athens’ 

refugee crisis was the burial of human bodies. By law, Athenians conducted all 

burials outside of the city walls. This rather sanitary system must have weakened 

during the war, as it was difficult for Athenians to travel outside of the walls to 

dispose of the dead bodies while under siege by the Spartans (Wycherley 1978: 

253). Before the war and the plague, Hansen estimates that the yearly mortality rate 

in Athens was around 2.5% (Hansen 1988: 21). If we use an estimated population 

size of 65,000 in Athens and Piraeus before the war, a mortality rate of 2.5% would 

mean that around 135 people died each month. This number increased enormously 

during the first three years of the plague, when the total estimated mortality was 

25-33% of the population within the walls (Hansen 1988: 21, Sherman 2017: 55). 

If we estimate the total population within the walls during the refugee crisis as 

averaging 280,000 and the average mortality rate as 29%, that means that around 

2,255 people died per month, an overwhelming increase from 135 people per month 

before the plague. 

Normally, Athenian burial practices involved much contact with the dead. 

These customs increased the risk of infection, as both typhoid fever and smallpox 

can still be carried and spread by a dead body (Kurtz and Boardman 1971: 144). 

During the time of the plague, extensive contact with both the home of the deceased 

and the body of the deceased could easily have spread the pathogen causing the 

plague. Proper burial would have removed the body from the area of living, limiting 



 

the exposure to the disease carried by the body. The problem was that during 

Spartan invasions, Athenians could not go outside the walls to bury the dead. 

Moreover, Thucydides tells us that as the plague took its toll, people began to 

neglect burial practices because the number of dead was too high, and bodies of the 

plague victims were often left unburied in the buildings and streets (Th. 2.52.3). 

As this brief overview has shown, the basic water supply and waste 

management systems as well as burial practices that existed in 5th-century-BCE 

Athens were insufficient to cope with the large numbers of refugees that flowed 

into the city at the beginning of the war. Once the plague took hold and the dead 

toll mounted, people began to abandon proper burial practices and left the dead in 

the street, creating a fertile ground for infection by the plague.

 

 

1.5 Using SIR Modeling to Study the Spread of Infection during the Athenian 

Plague. 

 
The population within the walled area of the city increased enormously during the 

first year of the Peloponnesian war, and most refugees were crammed together 

without access to adequate housing. My estimated minimum and maximum 

population sizes in the refugee quarters are 117,500 people and 251,250 people, 

respectively. These were in addition to the 65,000 permanent residents of the walled 

areas. In present-day immunology, a widely used method for studying and 

predicting the spread of infectious diseases is called SIR modeling. The model can 

be used to create simulations of hypothetical outbreaks and design measures to 

prevent or mitigate the spread of disease. 

SIR models can be built as complex or as simple as needed. Due to time 

constraints I utilized a very specific and simple formula proposed by Rhodes and 

Anderson (2008) to calculate the basic reproductive number (𝑅0) for a disease, 

which is the maximum number of secondary infections that can be caused by a 

single infected individual in a constant population. The formula used is 𝑅0 =
8𝑅𝑝𝑣̅𝜌

𝜋𝛼
, 

where R= the radius (in km) of the area in which an infected person can transmit a 

disease to another person; p = the transmission probability of infection  given 

contact with an infected individual; 𝑣̅ = velocity (in km/day) of the infected 

individual passing through throughout the space inhabited by the population; 𝜌 =  

the population density (in people/km2), and 𝛼 = the infectious period (in days). This 

value of R0 only gives the hypothetical number of infections that can be caused by 

one single individual; since the transmission of an infectious disease involves many 

complex parameters, R0 does not accurately model the true exponential spread of 

the disease.

 



 

I focus my SIR model on three of the most likely identifications of the 

Athenian plague: typhoid fever, measles, and smallpox. I use as much as possible 

data from before the 20th-century worldwide vaccination campaigns, which 

considerably reduced infection rates. For typhoid fever, a (𝑝) of 10% was adopted 

from a report on the medical history of the South African Anglo-Boer War from 

1899-1902. During this war, a typhoid fever outbreak occurred within a static camp 

during the war. Out of the 556,653 men who served in the British Forces, 57,684 

were infected by typhoid fever. (Villiers 1981). Due to the variability in the length 

of typhoid fever symptoms and infectivity, for the purposes of the model, an 

infectious period of 7 days, or the average length of the first stage of symptoms, 

will be used (CDC 2017). 

As for measles, the CDC states that the transmission rate for unvaccinated 

people is as high as 90%. The mean infectious period for measles is reported as 8 

days by the Mayo Clinic. For smallpox, data are used that were collected during a 

smallpox eradication campaign during the 1960’s. The transmission rate in rural 

Afghanistan in 1969 was 50% in the case of a susceptible patient living in the house, 

which is applicable in ancient Athens, where there were no hospitals and the ill 

were treated at home (Meltzer et al. 2001). The WHO reports that most infectious 

period for smallpox is during the first week, which is why a period of seven days is 

used (2016).

For the susceptible population (S), the numbers used are those calculated 

previously in the section about population densities, but these are converted to 

people/km2  (by multiplying by 100) to fit the model. Although the absolute 

minimum estimate that was obtained was 264 people/ha which represents an influx 

of only 50% of the rural population assuming a minimum population size for the 

entire polis of Athens, this was not included here because it is lower than the density 

of the residential area, and thus unlikely; for Thucydides explicitly mentions that 

the refugee areas were more crowded than the residential areas (Th. 2.17.1). 

A contact radius (R) of 0.002 km, and an average velocity of an infected 

person of 2 km/day are used for the SIR calculation; both have been adopted from 

Rhodes and Anderson (2008), who do not provide a specific rationale for those 

values. In my own experience of volunteering at a hospital in the U.S., a radius of 

6 feet is considered as the radius for infectivity, which corresponds to 0.002 km. 

The table below shows my calculations using the equation by Rhodes and 

Anderson, which gives a numerical value to represent the maximum number of 

secondary infections that can be caused by one infected individual. 



 

 

 
Table 6. Secondary rate of infection caused by a single infected person. Rhodes and Anderson’s 

(2008) proposed equation 𝑅0 =
8𝑅𝑝𝑣̅𝜌

𝜋𝛼
,  used to model the transmission of typhoid, measles, and 

smallpox at various population estimates. 

 

The resulting values can be used to analyze the transmission of the plague. 

The basic reproductive numbers are significantly higher when comparing the 

minimum and maximum population density estimates in the refugee areas. The 

model used above highlights the stark difference made by refugee influx in the 

disease transmission, as Thucydides described it (Th.2.17.1). 

The numbers for R0  in the figure above only give the numbers of infectious 

cases produced by one infected person. To illustrate the devastation of the plague, 

whichever of the three proposed diseases it was, it is useful to construct a 

hypothetical scenario. Imagine a ship carrying ten men infected with typhoid fever. 

Once they landed in Piraeus, where Thucydides tells us the plague started, each 

infected man would have been capable of infecting on average 6 other people (R0). 

Although R0  is not a function of time, we can assume that these infections occurred 

over the total infectious period of seven days. This is known as a generation. After 

one generation, the original ten men have infected sixty others. After 6 weeks the 

infection would have reached 466,560 people if allowed to spread without 

impediment. These hypothetical calculations indicate that typhoid fever would have 

reached epidemic proportions in ancient Athens in a span of 4-6 weeks. In the case 



 

of measles, the disease would have reached epidemic proportions in just over two 

weeks. In the case of smallpox, this would have occurred in three weeks. 

The reproductive numbers of typhoid fever compare well to Thucydides' 

description of the long, large-scale devastation wreaked by the Athenian plague. 

The reproduction rates of measles and smallpox seem much too high to continue a 

three-year long epidemic. Thus my SIR modeling shows that typhoid fever is a 

much more likely candidate than measles or smallpox as the cause of the Athenian 

plague, supporting the identification obtained through DNA analysis.  

 

1.6 Advice from Modern Immunology: Measures to Prevent the Spread of the 

Athenian Plague. 

 
Even though people with medical training, such as Thucydides, noticed 

increased infection rates in areas with the greatest population densities (Th. 2.52.1), 

ancient Athenians did not understand the principles of infection or the ways of 

controlling infection that we know today, and this led to an increased infection rate 

from person-to-person. Had the Athenians understood that infectious diseases 

spread through bacteria or viruses, they could have taken various measures to slow 

down or stop the spread of the disease. 

Typhoid fever is the most likely candidate on the basis of the archaeological 

evidence, as it was actually found in the dental remains of potential plague victims 

excavated at Athens. Typhoid fever, measles, and smallpox have different methods 

of transmission, therefore different factors must be considered when studying the 

spread of the disease. Thucydides tells us that the plague was the worst in the most 

densely populated areas and that those who nursed the sick experienced the highest 

level of mortality (Th. 2.51.4). Nowadays, organizations like the WHO and the 

CDC highlight infection control protocols for disease outbreaks. In case of an 

incident of typhoid fever for example, a Rapid Response Team would investigate 

the patient’s history to find the source of infection, search for any other potential 

cases and carriers, and quarantine the patient until the fever has disappeared (WHO: 

2011). 

Another factor is patient waste disposal, as bacteria like S. typhi, the 

causative agent of typhoid fever, is excreted through feces. This contamination can 

occur both with patients who are alive and with dead bodies as well. This poses a 

problem when fecal matter is not proper disposed and comes into contact with food 

and water. It can also lead to contamination of water sources when rainfall comes 

into contact with bodies and the runoff leads into water sources. One of the 

symptoms of smallpox is the development of sores and scabs, which actually 

contain the virus. The virus can spread through items such as bedding or clothing 

that has been contaminated by these scabs (CDC: Smallpox 2016). 



 

People who interact with the bodies of plague victims have a high risk of 

contracting disease. We know from literary evidence that Athenian burial customs 

involved heavy contact with the bodies of the dead (Kurtz and Boardman 1971: 

144). The WHO outlines safety protocols for those who handle the bodies of the 

dead, such as undergoing training and using protective equipment such as gloves 

and masks (2016). In contrast, in ancient Athens, a large number of the bodies of 

people who had just died from the plague were not properly buried, in part because 

the Kerameikos cemetery was outside the walls and inaccessible during the Spartan 

invasions, and in part because the  overwhelming number of dead caused people to 

abandon proper burial rites (Th. 2.52.4). If the dead had been buried in hygienic 

fashion, the disease would likely not have spread as quickly as it did. 

Another problem must have been difficulty of access to clean water for the 

many refugees who had poured into the walled areas of Athens and Piraeus. The 

WHO has outlined simple purification techniques which could have been used by 

Athenians during the plague if they had a better understanding of infectious 

diseases. One method is to filter drinking water by means of media such as porous 

rock and sand. Another simple step that could have been taken is to boil water, 

which can kill most, if not all, waterborne pathogens. 

Although they had limited technology, there are several protocols that the 

Athenians could have adopted to slow down the spread of the plague. A quarantine 

of any infected individuals and anyone who had been in contact with them would 

have slowed down the rate of person-to-person transmission, as infected individuals 

would have been able to spread the disease before they displayed any symptoms. 

Furthermore, all water should have been boiled to kill any contaminants from the 

plague or waterborne pathogens. In addition, the bodies of the victims should have 

been disposed of in a way that avoided any possible contamination. This included 

not washing the body, not touching the body with bare hands, and burying the body 

at least 30 m away from groundwater sources, as recommended by the WHO. By 

implementing these measures, the spread of the disease would have been slowed 

down enormously, or may even have been stopped entirely.  
 

1.7 Conclusion 

 
In this thesis, I sought to better understand the circumstances in the 

overcrowded areas as well as the identification of the disease that was responsible 

for this epidemic, using Thucydides’ description of the symptoms as well as 

archaeological evidence. I then estimated possible population densities, which 

allowed me to apply a mathematical model to study the spread of the disease. 

Finally, I proposed some modern measures that could have been adopted by the 

ancient Athenians to contain the plague. 



 

By creating an SIR model, I was able to compare the reproductive number 

of the different diseases at different population estimates. The SIR model showed 

that typhoid fever infection spread much more slowly than smallpox and measles. 

In fact, one person infected with measles was capable of infected over eight times 

as many people as one person infected with typhoid fever. While such rate of spread 

for typhoid fever compares well with Thucydides' description, the rate for smallpox 

and measles seems too high in order for the disease to last for three years. These 

calculations make it seem more likely that typhoid fever, and not measles or 

smallpox, was the identification of the Athenian plague. One thing is certain--a 

higher population density exacerbated the spread of the disease. In view of the 

available technology at the time, quarantine and some simple improved sanitation 

practices would have slowed down the spread of disease significantly. 

Much remains unknown about the exact identification of the Athenian 

plague. Although the scientific analysis of the teeth excavated from the Kerameikos 

cemetery have shown that those specific individuals had been infected by typhoid 

fever, this does not necessarily mean that this was the one and only cause of the 

epidemic, as symptoms described by Thucydides do not match known symptoms 

of typhoid fever. More analysis of the plague victim remains is necessary to 

determine all the likely causative agent(s) of this devasting disease. If repeating the 

DNA analysis of the teeth, scientists should extract and amplify the entire non-

human DNA genome and insert this sequence into the database in order to analyze 

all possible agents instead of only a few, as has been done up to now. Such a 

comprehensive analysis, which is expensive and out of the reach of archaeological 

budgets, would allow for a more definitive solution for the question of the 

identification of the plague of Athens, and this in turn would enable researchers to 

model the spread of the disease with greater accuracy. 
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