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A B S T R A C T   

Objective: This study aims to investigate parasitic infection in Italy during the Roman period (27 BCE–476 CE) 
and subsequent Longobard (Lombard) period (6th–8th CE). 
Materials: Sediment samples from drains and burials from Roman Imperial-period sites in Italy (Lucus Feroniae, 
Oplontis, Vacone, and Vagnari), Late Antique and Longobard-period burials at Selvicciola (ca. 4th–8th CE), and 
Longobard-period burials at Vacone and Povegliano Veronese. 
Methods: Microscopy was used to identify helminth eggs and enzyme-linked immunosorbent assay (ELISA) to 
detect protozoan antigens. 
Results: Roundworm and whipworm were found in pelvic sediment from Roman-period burials, while round
worm and the protozoan Giardia duodenalis were identified in Roman-period drains. In pelvic sediment from the 
Late Antique through Longobard periods, roundworm and Taenia tapeworm eggs were identified. 
Conclusions: Fecal-oral parasites were found throughout Imperial Roman Italy, suggesting that gastrointestinal 
infections caused a significant disease burden. In the Longobard period we see continuity in transmission of fecal- 
oral parasites, and the appearance of zoonotic parasites acquired from eating undercooked meat. 
Significance: A wealth of information exists about certain diseases in the Roman period, but relatively little is 
known about intestinal parasites in Italy during the Roman and Longobard periods. This is the first evidence for 
Giardia in Roman period Italy, and for any parasites in the Longobard period in Italy. 
Limitations: Low egg concentrations and lack of controls for some samples makes it difficult to differentiate true 
infections from environmental contamination in some cases. 
Suggestions for future research: Continual study of samples from Roman and Longobard period Italy.   

1. Introduction 

Today, one of the leading causes of mortality in children under five is 
diarrhea, and in 2016, it was the eighth leading cause of mortality 
among those of all ages (Global Burden of Disease 2016 Diarrhoeal 
Disease Collaborators, 2018). A majority of diarrheal illnesses are 

caused by enteric pathogens including viruses (e.g. norovirus and 
rotavirus), bacteria (e.g. E. coli and Salmonella), and parasites (Fletcher 
et al., 2013). Gastrointestinal diseases are likely to have been major 
causes of morbidity and mortality in the human past, as well. Despite 
this, we know little about gastrointestinal disease in Roman Period Italy. 
Detecting viral and bacterial gastroenteritis in ancient populations is 
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challenging due to the acute nature of most infections, a lack of skeletal 
changes, and difficulties extracting and identifying pathogenic viral and 
bacterial DNA in fecal samples. Compared to viruses and bacteria, there 
are large numbers of studies identifying enteric parasites in archaeo
logical samples (Mitchell, 2015), which provide important insights into 
the burden of gastrointestinal disease in past populations. The presence 
of specific parasite taxa permits identification of societal and environ
mental conditions that likely contributed to their spread and the spread 
of related pathogens. For example, the presence of parasites spread by 
the fecal-oral route prompts consideration of sanitation and hygiene 
levels, whereas the presence of foodborne parasites may lead to inves
tigation of human-animal interactions and dietary practices that could 
lead to those infections. 

The Roman period is a valuable time to examine how territorial 
expansion and increased migration resulted in variations in disease 
burden. As the Empire expanded and incorporated new regions within 
its borders, the existing cultural practices and identities of these groups 
were not forcibly abandoned, but maintained and incorporated with 
new Roman influences resulting in regional variations in ways of life 
across the Empire (Woolf, 1997; Keay and Terrenato, 2001; Garnsey and 
Saller, 2015). What is often referred to as a typical ‘Roman’ way of life is 
based upon what is known about those living in the Mediterranean re
gion, and Italy in particular, during the Imperial period. However, even 
in Italy the ‘Roman’ way of life changed through time as new regions 
were conquered and individuals from distant regions of the Empire 
moved into Italy (Woolf, 1997; Cooley, 2016). This variation makes it 
important to investigate regional differences in disease experience 
within the Empire, to allow us to move away from a single summarized 
view of parasitic infection in the Roman period (Dufour, 2015; Ledger 
et al., 2020). 

During the period of the Republic, Rome expanded its control from 
central Italy to the entirety of the Italian peninsula after a series of wars 
in the 5th–3rd c. BCE (Scopacasa, 2016). At the end of the Republic, with 
Augustus established as the first emperor in 27 BCE, Italy became the 
epicentre of the newly formed Roman Empire. As the Empire continued 
to expand during the Imperial period, Italy remained a relatively stable 
and prosperous area with continual benefits from trade within the Em
pire and beyond (Cooley, 2016). It is at this time that movements of 
people, widescale trade of goods and ideas, increases in population size, 
and urban expansion were occurring, especially in large cities such as 
Rome, all of which are known to have profound impacts on infectious 
disease and parasite transmission. 

With increased political instability in the 3rd c. CE, it became diffi
cult to simultaneously maintain control of all of the frontier regions of 
the Empire; thus at the end of the century, the Empire was split into the 
Western and Eastern Empires governed by separate emperors. This time 
period of instability marks the start of what is often referred to as the 
Late Antique period. Italy was part of the Western Roman Empire. The 
Western Roman Empire dissolved in 476 CE in the midst of a prolonged 
period of instability. This period has been characterized by migration of 
large groups of people, including Goths, Vandals, Anglo-Saxons, and 
Longobards, into areas that were previously part of the Empire (Goffart, 
2006). The Longobards were Germanic peoples who first moved into the 
Roman province of Pannonia (corresponding to modern-day western 
Hungary, the eastern Austrian border, northern Croatia, and part of 
Slovenia) and then carried on into Italy (Alt et al., 2014). The Longo
bards invaded Italy in 568 CE and came to control much of northern and 
central Italy for the next two centuries (Amorim et al., 2018). 

With migrations of large numbers of people such as the Longobards 
into Italy in the 6th century CE, we hypothesize that parasites were 
carried with them; especially with the first generation of migrants who 
could have had parasites in their intestines as they moved. Since many 
helminths can survive in human hosts for multiple years (Garcia, 2016), 
these parasites could have easily moved with migrating individuals and 
then been maintained in their new environment. Previous paleopar
asitological studies in the Roman period and preceding time periods 

have shown that there were more zoonotic parasite species being 
transmitted in areas of northern Europe, from where the Longobards 
would have migrated, compared to what has been found in Italy during 
these time periods so far (Ledger et al., 2020). For example, beef/pork 
tapeworm (Taenia sp.) has been found at the Roman site of Carnuntum in 
Austria (Aspöck et al., 2011; Petznek, 2018), and in multiple Roman 
sites in Germany along with Capillaria (Dittmar et al., 2002). Changes in 
cultural practices (e.g. animal husbandry, waste removal, diet) may also 
contribute to different parasites seen in the Longobard-period in
dividuals compared to Roman individuals, making samples from 
Longobard-period sites very useful for studying potential changes in 
disease transmission with migration and changing cultural practices. 

The aim of this study was to characterize parasitic infection in both 
the Roman Imperial and Longobard periods in Italy in order to identify 
continuity or change in parasite transmission over this transitional 
period. Identification of parasite taxa present is then used to explore 
factors that allowed for spread of gastrointestinal pathogens in Italy 
during the Roman period, and taxonomic diversity is compared to what 
has been found in other areas of the Roman Empire. 

2. Materials and methods 

2.1. Materials 

Diagnosis of intestinal parasitic infection relies on analysis of fecal 
samples for helminth eggs and protozoal cysts. Worms and protozoa 
reproduce within the intestines and release eggs or cysts into the feces 
that can then be transmitted to another host. For this reason, we 
collected sediment samples from areas where fecal material would be 
found. Two main types of samples were collected; 1) sediment from the 
pelvis of skeletons where the intestines would have decomposed; and 2) 
sediment from the fill of sewer drains or latrines. The use of these two 
types of samples is valuable because the pelvic soil can provide infor
mation about infection at the individual-level, whereas the sewer and 
latrine samples provide evidence at the community-level, detecting 
infection in anyone in the community who may have been using this 
infrastructure. These samples came from six different sites dating to the 
Roman through the Longobard period in Italy (Fig. 1). Samples dating to 
the Roman Imperial period came from Lucus Feroniae (1st–3rd c. CE), 
Oplontis (79 CE), Vacone (1st–2nd c. CE), and Vagnari (1st–4th c. CE); 
while samples dating to the Longobard period came from Povegliano 
Veronese (6th–8th c. CE) and Vacone (7th–8th c. CE). Additionally, 
samples from Selvicciola (4th–8th c. CE) covered the Late Antique 
period through the Longobard period (see Appendix for details of sam
ples collected from each site). 

2.1.1. Roman-period samples 
Lucus Feroniae is a town located 30 km northeast of Rome that was 

re-founded as a veteran colony in the later first century BCE (Patterson 
et al., 2020). The cemetery of the via Capenate associated with the site 
was excavated in the 1980s and the human remains are housed in the 
Museo di Antropologia at Sapienza University of Rome (Gazzetti, 1986). 
It has been proposed that the individuals buried at the cemetery had a 
generally low socioeconomic status and may have been slaves, freed
men, and veterans (Manzi et al., 1989; Tafuri et al., 2018). The location 
of Lucus Feroniae would have meant easy access to Rome along major 
roads. Anthropological investigations of the skeletons have been un
dertaken and revealed the presence of lesions that are often attributed to 
metabolic stress, such as Harris lines and linear enamel hypoplasia 
(Argenti and Manzi, 1988; Manzi et al., 1989, 1997, 1999; Salvadei 
et al., 2001; Tafuri et al., 2018). As this was a museum collection, 
sediment adhering to the sacrum and from the sacral foramina of 14 
skeletons was collected for analysis. Sediment from inside the cranium 
and adhering to the foot bones was collected as control samples. In cases 
where these controls could not be collected, a subsample of the general 
burial sediment sample taken at the time of excavation was used. 
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However, the location of sampling within the burial was not recorded 
for these general burial samples. 

Oplontis, located in the modern city of Torre Annunziata, is an Im
perial Roman site in the Bay of Naples, destroyed by the eruption of 
Mount Vesuvius in 79 CE. There are two main complexes at the site, 
referred to as Villa A and Villa B. Villa A is an elite villa and Villa B, 
despite its name, is not a traditional Roman villa, but consists of a central 
courtyard surrounded by two-storey buildings (Thomas, 2016; Van der 
Graaff et al., 2016). Some of these rooms contained large numbers of 
shipping jars (amphorae), which were likely used to transport wine and 
fish sauce, attesting to the trade connections of the villa (Muslin, 2016). 
In one of these rooms, the skeletal remains of more than 64 individuals 
were discovered, all of whom died during the eruption of Mount Vesu
vius (Killgrove, 2018). Approximately half of the skeletons were fully 
excavated in 1984. Sediment from the pelvis of eight undisturbed in
dividuals was collected during final excavation in 2017, and control 
samples were collected from each cranium. These sampled individuals 
were mostly adult females but also included a child and an adolescent. 

The Roman villa at Vacone is located 55 km north of Rome in the 
small town of Vacone. The villa was built in the Late Republican period 
(2nd c. BCE), and was then extensively renovated in the early Imperial 
period (late 1st c. BCE to early 1st c. CE) (Franconi et al., 2019). The villa 
consists of numerous rooms for living and production. Early Imperial 
production facilities for olive oil have been identified, and these were 
later replaced by a mixed production of wine and oil. The villa was 
abandoned at the start of the 3rd century CE after it was damaged, 
possibly by an earthquake. Sediment samples were collected from two 
areas at the villa: a possible latrine located in Room 33 (three samples), 
and a cappuccina drain, which is a drain covered with roofing tiles in an 
inverted ‘V’ (control samples from the uppermost modern fill and four 
samples from the Roman-period fill taken at different points along the 
drain). Following its collapse, the villa was periodically used for burials. 
There are two distinct periods of burials: the late Roman period, shortly 

after the collapse of the villa in the 3rd century CE, and the early me
dieval period, especially the 7th century CE. The late Roman burials 
discovered thus far are all non-adults, concentrated largely in one room 
of the villa (Room 50). Only one of the burials was sufficiently undis
turbed to sample for paleoparasitological analysis (VAC 1 Grave 10). 

Vagnari was an Imperial Roman estate in southern Italy, located near 
the modern-day city of Gravina in Puglia. The site consists of a vicus 
(village or town) and associated cemetery. The vicus at Vagnari was 
constructed in the area of a minor Iron Age site and became the centre of 
an Imperial Estate around the 1st century CE. Industries including tile 
production, iron working, lead processing, and wine production were 
established (Small, 2011; Prowse and Carroll, 2017; Carroll, 2019). 
There were a series of drains running underneath the buildings at the 
vicus, which are hypothesized to have carried waste or water run-off. 
Three drains were sampled for analysis. Two samples were collected 
from one of the drains and one sample from each of the other two drains. 
The cemetery at Vagnari was in use between the 1st–4th centuries CE. 
Around 160 burials have been excavated so far. All age groups are 
represented, and both males and females are present in roughly equal 
proportions. Stable isotope and mitochondrial DNA studies suggest that 
the majority of people buried at Vagnari were local or immigrated from 
nearby southern Italy (Prowse et al., 2010; Emery et al., 2018a, b). 
Sediment samples were collected from the pelvis of 31 skeletons, and 
control samples were collected from the cranium and the feet. 

2.1.2. Late Antique and Longobard-period samples 
Selvicciola (4th–8th c. CE) is a Late Antique and Longobard cemetery 

located in present-day northern Lazio. The skeletal remains are housed 
in the Museo di Antropologia at Sapienza University of Rome (Gazzetti, 
1985, 1986; Micarelli, 2020). Some of the excavated individuals were 
originally identified as Longobard individuals based on funerary prac
tices and grave goods. While the presence of grave goods indicates an 
influence of Longobard culture in the community, these individuals may 

Fig. 1. Map of Italy indicating locations of sites where samples were collected. Inside each box the name of the site, time period of samples, and types of samples 
analyzed are given. The pelvis icon indicates that pelvic sediment samples were analyzed, and it is followed by the number of individuals sampled; the latrine icon 
indicates that latrine/drain samples were analyzed, and the number indicates the number of different drains or latrines that were sampled. From Vagnari and Vacone 
the number of different drains sampled are listed but multiple samples came from the length of these drains. 
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or may not have identified as ethnically Longobard and even those from 
local Italian populations may have been buried with these items. Others, 
based on stratigraphy and location in the cemetery, appear to be from 
the Late Antique period prior to Longobard migrations. Anthropological 
investigations have been undertaken and indicated that health may have 
declined in the Longobard period compared to the preceding Roman 
period (Salvadei et al., 1995; Sperduti et al., 1995; Salvadei et al., 2001; 
Micarelli et al., 2019). Sediment adherent to the sacrum and from the 
sacral foramina of 15 skeletons was collected. The individuals sampled 
are non-adults and adults, most are male but there is one female and 
others that could not be assigned to either sex. Two of those studied are 
from the Late Antique period and two are from the Longobard period. 
The remaining individuals could not be confidently dated, they could 
have been buried any time from the Late Antique period through the 
Longobard period (late 4th century to early 8th century). Control sam
ples came from general burial samples that had been taken during 
excavation. 

Povegliano Veronese is a Longobard cemetery located near present- 
day Verona. The skeletal remains are housed in the Museo di Antropo
logia at Sapienza University of Rome (Bruno and Giostra, 2012). The 
cemetery is thought to contain burials from a Longobard community 
founded shortly after their migration into Italy (Giostra, 2014). Stron
tium isotopes indicate that over half of the individuals buried in the 
cemetery were likely from the area around Povegliano Veronese, while 
around 30 % were non-local and had isotope signatures consistent with 
those from Hungary (Francisci et al., 2020). Anthropological investi
gation of the skeletal remains has been undertaken (Micarelli et al., 
2018; Micarelli, 2020). Sediment adhering to the sacrum and from the 
sacral foramina of 14 skeletons was collected for analysis. Control 
samples came from sediment adhering to the cranium, the foot bones, or 
from general burial samples. 

Longobard-period samples were collected from the villa at Vacone 
along with the Roman period samples mentioned above (Franconi et al., 

2019). After initial abandonment of the Roman villa at Vacone there was 
sporadic activity at the site over the next five centuries. While there is 
not yet evidence that the site was regularly inhabited in this later phase, 
a series of graves radiocarbon dated to the 7th–8th centuries CE were 
dug into the collapse of the villa. Though these burials date to the 
Longobard period, there is no evidence that the individuals were 
ethnically Longobard and were most probably from local populations 
who remained in the area after the Longobard invasions. Sediment from 
the pelvis of three individuals buried at the villa was collected for 
analysis. 

2.2. Methods 

Two main methods were used to detect parasites in the samples 
collected: 1) microscopy to detect preserved helminth eggs, and 2) 
ELISA to detect preserved protozoan antigens from three taxa: Crypto
sporidium spp., Entamoeba histolytica, and Giardia duodenalis. All sedi
ment samples were first rehydrated and disaggregated before being 
analysed by either method; the procedure for this and each subsequent 
method are described below and depicted in Fig. 2. 

2.2.1. Disaggregation and microsieving 
Subsamples from each sample were first taken; a 0.2 g subsample was 

used for microscopy and a 1 g subsample was used for ELISA. Sub
samples were disaggregated (made into a liquid suspension) in 0.5 % 
trisodium phosphate to release preserved parasite eggs and cysts from 
the sediment matrix. Samples were vortexed periodically until all ma
terial was disaggregated, with sand particles and other insoluble mate
rials floating freely. Once samples were adequately disaggregated they 
were sieved using a stack of microsieves with mesh measuring 300 μm, 
160 μm, and then 20 μm. Distilled water was used to wash all material 
through each sieve. Sieves were cleaned between each use to prevent 
contamination between samples, and all other materials were single-use. 

Fig. 2. Overview of methods used to analyze sediment samples for parasites. The upper images show disaggregation and microsieving, after which samples were 
analyzed using microscopy or ELISA, shown in the bottom half of the image. 
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2.2.2. Microscopy 
For microscopy, the material trapped on the top of the 20 μm sieve 

was collected, as this is the proper size range to contain the eggs of 
helminth species endemic in this region of the world (Bouchet et al., 
2001a; Anastasiou and Mitchell, 2013; Dufour and Le Bailly, 2013). This 
material was centrifuged and the supernatant removed leaving behind a 
small pellet, which was mixed with glycerol. Single drops were added to 
microscope slides to be viewed under a light microscope at 400×
magnification. For each sample, five slides were viewed and, if any 
parasite eggs were identified, then the entire subsample was viewed to 
calculate eggs per gram. Parasite eggs were identified to the genus or 
species level based on morphological features (World Health Organi
zation, 1994; Ash and Orihel, 2015; Garcia, 2016). 

2.2.3. ELISA 
ELISA has been used in paleoparasitology for at least two decades. 

ELISA kits designed to detect antigens in modern fecal samples have 
been shown to be effective at detecting ancient antigens as well (Le 
Bailly et al., 2016). Numerous labs have reported preserved protozoan 
antigens in archaeological samples (Allison et al., 1999; Le Bailly et al., 
2008; Mitchell et al., 2008; Le Bailly and Bouchet, 2015; Graff et al., 
2020). ELISA was not undertaken for all samples; pelvic sediment 
samples were not studied and only the samples from drains that con
tained helminth eggs (confirming the presence of fecal material in the 
samples) were studied. Thus, one drain sample (drain 5045) from Vag
nari and two samples from the cappuccina drain (drain 931) at Vacone 
were tested. 

ELISA tests made use of the sieved material from the catchment 
container below the 20 μm sieve; this is because cysts and oocysts from 
the protozoa tested for are typically smaller than 20 μm (Garcia, 2016). 
This material was centrifuged and the supernatant removed leaving 
behind a total volume of 2.5 mL to be used in each ELISA kit, one for 
each organism. The ELISA kits used for analysis were provided by 
TechLab (Blacksburg, USA). The manufacturer’s protocols were fol
lowed, and one positive and negative control well were included on each 
test plate. The positive control was provided with the kits and was an 
antigen from the organism under investigation. An ELISA plate reader 
(BioTek Synergy HT Multi-Mode Microplate Reader) was used to 
generate absorbance values to determine which wells were positive by 
comparing them to reference values. A total of eight wells were used for 
each individual sample to act as replicative tests. Each test was also 
performed a second time on a separate date using a second subsample, 
thus forming a biological replication. Samples were considered positive 
if a positive well was found for both biological replicative tests. The kits 
have high sensitivity and specificity for modern samples (96.9–100 %) 
with no cross-reactivity for other common helminths and fecal organ
isms (Boone et al., 1999). 

3. Results 

3.1. Roman period 

Microscopy revealed helminth eggs in samples from all Roman- 
period sites (Table 1 and Fig. 3; egg concentrations and measurements 
can be found in Appendix Table A.7). Pelvic sediment samples from 
Roman Imperial-period Italy came from four sites: Lucus Feroniae, 
Oplontis, Vacone, and Vagnari. In the samples from Lucus Feroniae, two 
of 14 individuals had Ascaris sp. (roundworm) eggs in the sediment 
collected from the sacrum. Eggs were found in sediment collected from 
the cranial bones of one of these individuals. As Ascaris sp. eggs should 
not be found in the cranium, this indicates that the burial environment 
was contaminated with eggs; however, the egg concentration was twice 
as high in the pelvis, making it more likely that this represents a true 
infection. 

Ascaris lumbricoides (roundworm) and Trichuris trichiura (whipworm) 
were found in the pelvic sediment samples from Oplontis, in the absence 

of any eggs in the control samples. The high egg concentrations and 
absence of eggs in control samples indicate that these are true infections; 
thus the Ascaris eggs are most likely from the human-infecting species 
Ascaris lumbricoides. In one older child, Ascaris lumbricoides eggs were 
found, and in a young adult female both Ascaris lumbricoides and Tri
churis trichiura eggs were found. The surface of many of the eggs 
appeared porous (Fig. 4), while typically modern decorticated Ascaris 
eggs have smooth shells, however the size fits within standard ranges for 
modern eggs (see Table A.7). Comparison with archaeobotanical and 
palynological work previously undertaken at the site confirmed that 
these differed from identified pollen and other non-pollen paly
nomorphs. It is possible that the irregular surface appearance is a result 
of the high temperatures generated by the eruption of Mount Vesuvius 
that ultimately resulted in the unique preservation conditions of these 
samples or were the result of acidic etching of the surface of the eggs 
from sulphur compounds contained within the volcanic ash. 

At Vacone, Ascaris sp. eggs were found in the cappuccina drain along 
with a single Trichuris trichiura egg. Four samples were taken along the 
course of the drain and Ascaris sp. was found in all of the samples 
(140–620 epg). A single Ascaris egg was found in the sample from the 
possible latrine in room 33. No parasite eggs were found in the pelvic 
soil from the late Roman-period burials at the villa. 

At Vagnari, Trichuris trichiura eggs were found in the pelvic sediment 
from one infant. Ascaris eggs were found in one of the Roman-period 
drain samples from Vagnari. Only one of the three drains tested con
tained parasite eggs. It is possible that the other two drains were used 
primarily for water runoff. 

Giardia duodenalis antigen was detected in samples from two of the 
three Roman-period drain samples analysed using ELISA: one from 
Vagnari and one from Vacone. All samples were negative for Entamoeba 
histolytica and Cryptosporidium spp. 

3.2. Late Antique and Longobard period 

Helminth eggs were found in samples from the pelvic sediment of the 
Longobard-period individuals from Vacone, but none in the samples 
from Povegliano Veronese (Table 1 and Fig. 3). At Vacone, Ascaris sp. 
eggs were found in one of three individuals studied, an adult male. 
Unfortunately, no control samples could be collected from this burial for 
analysis. 

Four of the fifteen individuals from Selvicciola had Ascaris sp. eggs in 

Table 1 
Results of microscopy and ELISA for Roman Imperial-period and Longobard- 
period samples.  

Site Sample 
Type 

Helminth Eggs Protozoa 

Roman Imperial Period 
Lucus Feroniae Pelvic soil Ascaris sp. (n = 2*/14) Not tested 
Oplontis Pelvic soil Ascaris lumbricoides (n =

2/8) 
Trichuris trichiura (n = 1/ 
8) 

Not tested 

Vacone Drain fill Ascaris sp. 
Trichuris trichiura 

Giardia 
duodenalis  

Pelvic soil None (n = 0/1) Not tested 

Vagnari 
Drain fill Ascaris sp. Giardia 

duodenalis 

Pelvic soil 
Trichuris trichiura (n = 1/ 
31)   

Late Antique and Longobard Period 
Povegliano 

Veronese Pelvic soil None (n = 0/14) Not tested 

Selvicciola Pelvic soil 
Ascaris sp. (n = 3*/15) 
Taenia sp. (n = 2/15) Not tested 

Vacone Pelvic soil Ascaris sp. (n = 1/3) Not tested  

* Some control samples contained eggs. 
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their pelvis. Two were likely buried in the Late Antique period prior to 
Longobard migrations and two are not dated to a specific period. One of 
the Late Antique-period individuals had only a single Ascaris egg in the 
pelvis and two eggs in the general burial sample, making it unlikely that 
this represents a true infection but rather contamination from the burial 
environment. Thus, one Late Antique individual and two others had 
evidence for infection. In the burial control samples from these three 
individuals, one or two Ascaris eggs were found. Since the location of the 
collected burial sediment samples was not recorded, they may not have 
originated from the area of the abdomen and pelvis where eggs would be 
found in an infected individual. These results need to be interpreted with 
caution, as they may not represent infections of these individuals. 

However, they do confirm the presence of the parasites in the immediate 
burial area. Two of these individuals also had Taenia sp. (tapeworm) 
eggs in their pelvis; no Taenia eggs were found in the burial samples used 
as controls. As these individuals were not dated, they could have been 
buried at any time from the late 4th c. CE through to the early 8th c. CE. 

4. Discussion 

4.1. Consequences of parasite infection 

Ascaris sp. (roundworm) and Trichuris trichiura (whipworm) both 
rely on the fecal-oral route for transmission; thus, their spread is 

Fig. 3. Helminth eggs identified in samples 
from Roman-period and Longobard-period sites. 
(A) decorticated Ascaris egg from a drain at 
Vacone (length: 61.6 μm; width: 47.8 μm); (B) 
decorticated Ascaris egg from Longobard-period 
pelvic sediment at Vacone (length: 61.4 μm; 
width: 45.5 μm); (C) Trichuris trichiura egg from 
Vagnari pelvic sediment (length: 58.0 μm; 
width: 25.6 μm); (D) Trichuris trichiuraegg from 
Oplontis pelvic sediment (length: 47.7 μm; 
width: 23.8 μm); (E and F) Taenia sp. eggs from 
Selvicciola pelvic sediment (diameter 28.1 μm 
and 32.1 μm). Scale bars are 20 μm.   
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dependent upon hygiene and sanitation conditions (Strunz et al., 2014; 
Vaz Nery et al., 2019). Infection occurs after eggs are ingested; for 
example from contaminated food or water, from unwashed hands, or 
with plants grown in contaminated soil. Symptoms from roundworm 
and whipworm infection range considerably, with heavier worm bur
dens associated with higher morbidity (Bethony et al., 2006). Infections 
in children can cause growth impairment, impaired cognitive develop
ment, nutrient malabsorption, and intestinal obstruction in more severe 
cases (Bethony et al., 2006). 

Giardia duodenalis is also transmitted by the fecal-oral route, often 
through ingestion of food or water contaminated with feces. Symptoms 
commonly include watery diarrhea, vomiting, weight loss, and 
abdominal pain (Wolfe, 1992). Similar to roundworm and whipworm, 
children have worse outcomes from infection, and some may die. In 
particular, chronic Giardia infection can result in failure to thrive (below 
average growth and weight gain). Some individuals are asymptomatic 
while others progress into a chronic carrier state after acute infection. 
Giardia can also cause long-term sequelae that affect numerous body 
organs (Robertson et al., 2010; Halliez and Buret, 2013). 

Taenia sp. (beef/pork tapeworm) is a foodborne zoonotic disease 
(Ledger and Mitchell, 2019). Beef and pork tapeworms use humans as 
their definitive host, where the mature parasite is found, but they 
require either cows or pigs as intermediate hosts for parasite develop
ment. When humans are infected the adult worms are found in the in
testines, and they release eggs in the feces. These eggs hatch, if ingested 
by cows or pigs, and larvae encyst within soft tissues such as muscle and 
visceral organs. When humans eat raw or undercooked meat from these 
animals, the larva develop into adult worms in the human host (Garcia, 
2016). Thorough cooking of meat will kill parasite larvae and prevent 
infection (Smith, 1994). Thus, major risk factors for Taenia transmission 
are inadequate cooking of meat, disposal of human excrement in areas of 
animal grazing, and keeping free-ranging pigs (Hoberg, 2002). The eggs 
of Taenia solium (pork tapeworm) and Taenia saginata (beef tapeworm) 
are morphologically indistinguishable (Hoberg, 2002), so they are 
identified as Taenia sp. T. solium (pork tapeworm) has the unique ability 
to use humans as an accidental intermediate host. When humans ingest 
eggs, the larvae can encyst within their tissues, a disease known as 
cysticercosis. The central nervous system is the most common area in 
which larval cysts are found in humans, and this can cause numerous 
neurological symptoms such as seizures and focal neurological deficits, 
including visual impairment, limb weakness, and limb paralysis (Garcia 
et al., 2005). 

4.2. Past analysis of parasites at Roman sites in Italy 

Previous paleoparasitological analysis of samples from Roman- 
period sites in Italy have provided evidence for the helminths round
worm, whipworm, and Fasciola liver fluke, and the protozoan Entamoeba 
histolytica. Drain samples from Pompeii contained eggs of whipworm 
(Heirbaut et al., 2011). Sediment cores taken from Portus, one of the 
main ports for the city of Rome, contained eggs of roundworm, whip
worm, and Fasciola sp. in layers dated between 25–660 CE (Dufour, 
2015). However, due to the nature of the samples it is unclear if these 
eggs came from human or animal infections. Two sediment samples 
taken from a Roman-period core in Rome were tested for protozoa using 
ELISA, and Entamoeba histolytica was detected (Le Bailly and Bouchet, 
2015). Finally, from a Late Antique cemetery in Florence (4th–5th c. CE) 
roundworm eggs were found in pelvic sediment samples from 5 of 18 
individuals studied (Roche et al., 2019). 

4.3. Interpreting the new data from this study 

We have undertaken the most comprehensive multi-site paleopar
asitological analysis of Roman Imperial period Italy and shown notable 
consistency between sites. Roundworm and whipworm were clearly 
common infections in these Roman sites. However, it appears that only a 
minority of individuals were infected at the time of their death, as more 
than 25 % positivity rates in the pelvic sediment of burials at any site 
was not found. This corresponds with previous data from 4th–5th cen
tury CE Florence, where 28 % of burials were positive for parasite eggs 
(Roche et al., 2019). The true prevalence of infection may have been 
higher since the parasite eggs originally present in some of those 
infected may have been lost due to the action of soil fungi, bacteria, and 
insects. 

The ELISA results provide the first evidence for Giardia duodenalis in 
Roman-period Italy, at two separate sites. These results show that pro
tozoa causing dysentery were transmitted in these communities along
side fecal-oral helminths. This complements previous results from 
ancient Roman samples collected from excavations in Rome where 
another parasite that causes dysentery, Entamoeba histolytica, was 
identified (Le Bailly and Bouchet, 2015). Together, this highlights how 
infective gastrointestinal diarrheal illness would have been a significant 
cause of ill health in Roman Italy. 

In comparing these results with what is known about parasitic dis
ease in the rest of the Roman Empire, the results from Italy match what 
has been found in other Mediterranean areas such as Turkey and Greece. 
In those regions, Giardia, roundworm, and whipworm have been 

Fig. 4. Decorticated Ascariseggs from Oplontis pelvic sediment samples. Dimensions of the egg in image A are 58.6 μm long and 47.9 μm wide. Surface porosity is 
visible in image B; dimensions are 56.8 μm long and 43.8 μm wide. Scale bars are 20 μm. 
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recovered in the near absence of foodborne zoonotic parasites (see 
Dufour, 2015 and Ledger et al., 2020 for a review of Roman-period 
studies). In sites that have been studied in regions of the Empire north 
of the Alps, such as in Britain and France, a more diverse range of 
parasite taxa has been recovered, including beef/pork tapeworm, 
Capillaria, fish tapeworm, and liver flukes (Pike, 1968; Rouffignac, 
1985; Boyer, 1999; Bouchet et al., 2001b; Harter-Lailheugue, 2006; Le 
Bailly and Bouchet, 2010, 2013; Mowlavi et al., 2014). 

This study also provides evidence for parasites in the Late Antique 
period in Italy just before and after Longobard migrations into Italy, 
which provides preliminary insight into disease transitions at the end of 
the Roman Empire in this region. The presence of roundworm infection 
in Late Antique and Longobard-period burials suggests that roundworm 
continued to infect people living in Italy at the end of the Roman Empire, 
whether they were ethnically Longobard or from local populations. 
However, we also found evidence for Taenia tapeworm in the pelvic 
samples from individuals from Selvicciola dating from the Late Antique 
period through the Longobard period, which was not found in any Im
perial Roman samples. Other post-Roman evidence for parasites in Italy 
comes from later in the medieval period (10th–11th c. CE). In refuse pit 
sediments from Piazza Garibaldi in Parma, roundworm, Taenia or 
Echinococcus sp., and whipworm were found (Bosi et al., 2011; Flor
enzano et al., 2012). Potential explanations for the increase in zoonotic 
parasites in the Longobard and later medieval period include increased 
meat consumption, consumption of raw or preserved meats, changes to 
animal husbandry including fertilizing pastures with human fecal ma
terial, or keeping free-ranging pigs in areas where human excrement 
could contaminate the environment. 

Previous paleoparasitological work has highlighted factors that may 
have contributed to the spread of sanitation-related parasites in the 
Mediterranean region during the Roman period (Mitchell, 2017; Wil
liams et al., 2017; Ledger et al., 2018; Roche et al., 2019; Ledger et al., 
2020). Much of this discussion draws on historical and archaeological 
studies of sanitation infrastructure in Roman Italy and is very much 
relevant for understanding parasite transmission in the communities 
studied here. A number of key areas where sanitation infrastructure 
design and use may have contributed to the spread of fecal-oral patho
gens have been identified. Poor drainage or open cesspit designs would 
have been a risk. It has been suggested that there were large numbers of 
flies in Roman living spaces (Scobie, 1986) and analysis of latrine and 
sewer samples has confirmed their presence in some sites (Knights et al., 
1983; Rowan, 2014). Flies are common vectors for spreading parasite 
eggs (Maipanich et al., 2008), and the location of many private latrines 
in kitchens (Pérez et al., 2011) means these eggs could easily be trans
ferred from open latrines to food preparation areas or food itself. Where 
latrines were not used, chamber pots were a common alternative, and 
these would have been emptied into sewers, latrines, or on dung heaps. 
These were practices that could easily contaminate cities and living 
spaces and bring some individuals into close contact with the excrement 
of others (Taylor, 2015; Trusler and Hobson, 2017). There is some evi
dence for open defecation in Roman cities (Wilson, 2000), a practice 
strongly linked to the spread of soil-transmitted helminths (Grimes et al., 
2016; Muluneh et al., 2020). Sharing multi-seat latrines, the reuse of 
latrine sticks for anal washing after using the latrine, and hand washing 
at a time when soap was generally not used when washing hands, could 
all have spread parasites and other gastrointestinal pathogens. 

The results of this study provide important insights into the burden of 
gastrointestinal disease in Roman-period Italy. The presence of multiple 
species of parasites transmitted by the fecal-oral route in sites across 
Roman Italy suggests that gastrointestinal infections were fairly com
mon. Viruses and bacteria that are transmitted by the fecal-oral route 
would have been able to flourish in these communities, alongside hel
minths and protozoa. Modern epidemiological studies show that chil
dren carry a large burden of disease both in terms of prevalence of 
infections and symptoms from infection. The presence of whipworm 
infection in an infant from Vagnari and roundworm in children from 

Oplontis and Selvicciola indicates that young individuals were likely at 
high risk for infection in these communities as well. Some individuals 
studied (n = 3/73; 4 %) had eggs from two different taxa in their pelvis, 
indicating co-infections with these parasites. From Oplontis, one indi
vidual had roundworm and whipworm eggs in their pelvis, and from 
Selvicciola two individuals had roundworm and beef/pork tapeworm 
eggs. Although tests for Giardia in the pelvic sediment samples was not 
undertaken, it is possible that some individuals had helminth-protozoa 
co-infections as well. Polyparasitism is common in endemic regions 
today (Donohue et al., 2019), and the fact that it was found in a rela
tively small sample size indicates it was probably common in the Roman 
period as well. Polyparasitism is sometimes linked to higher morbidity 
than monoparasitism (Nematian et al., 2008; Pullan and Brooker, 2008; 
Donohue et al., 2019). 

As with all research, there are some limitations to this study. Ideal 
control samples were not available for all of the Late Antique and 
Longobard-period samples. This, in conjunction with the presence of 
parasite eggs in some of the general burial samples (see Appendix), 
means some of the results should be interpreted with caution, as eggs in 
the pelvic area may represent contamination of the burial environment 
rather than true infection. Regardless, the recovery of parasite eggs 
would indicate the presence of these parasites in the population at that 
time in order for the soil to become contaminated with eggs. When 
working with pelvic sediment samples, only the infections that were 
present at the time of death are identifiable. Children between 5 and 15 
years of age are the most commonly infected age group with soil- 
transmitted helminths (Hotez et al., 2006). Children who survive past 
the age of five often have higher life expectancy in modern populations, 
which would limit our ability to detect parasite infections in pelvic soil 
samples. This would be the case if infected individuals survived these 
high-risk years and died in later adulthood when they were no longer 
infected. One exception to this is the samples from Oplontis, which are 
from a catastrophic event providing information about disease at the 
same time point for all individuals excavated. In addition, helminths are 
often over-dispersed in modern populations (Churcher et al., 2005), 
with a small percentage of a population harboring most worms. Poor 
preservation of eggs, and the fact that only a small proportion of in
dividuals from any one community were studied, may mean low in
tensity infections were not detected, and those individuals with the 
highest worm burdens are most likely to be identified. However, the 
study of latrine and sewer samples alongside pelvic soil samples in
creases the chances of detecting infections, as these latrine and sewer 
samples would contain concentrated fecal material from numerous in
dividuals collected over the entire period of use (or use since last 
drainage or emptying), rather than just at the time of death. Despite 
these limitations, this study contributes additional evidence for parasitic 
infection in Roman-period Italy, doubling the number of sites studied to 
date. This study also provides the first evidence for Giardia duodenalis in 
Roman communities in Italy and is the first paleoparasitological analysis 
of Longobard-period samples of which we are aware. 

5. Conclusions 

Paleoparasitological analysis of four sites from Roman Italy, coupled 
with data from four sites previously studied, has shown that fecal-oral 
parasites were widespread in Imperial Roman Italy. Parasites found in 
Roman samples from Italy include the helminths Ascaris and Trichuris 
and protozoa that can cause dysentery, namely Entamoeba histolytica and 
Giardia duodenalis. There does not appear to be any difference in the 
types of parasites found in urban centers such as Rome compared to 
countryside villas like Vacone or rural estates like Vagnari. The wide
spread presence of these parasites and factors allowing for their spread 
suggest that gastrointestinal infections, in general, would have caused a 
significant burden of disease in Roman Italy, particularly in children. Co- 
infections by more than one species were likely present, as are found in 
endemic regions today. Additionally, the analysis of samples from the 
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transitional period from Late Antiquity through the Longobard-period 
shows continuity in the transmission of sanitation-related parasites, 
but also the appearance of zoonotic foodborne parasites acquired from 
eating undercooked meat, which have not been previously found in 
Roman Italy. 
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