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Evidence of ascariasis in a Celtic newborn from northern Italy
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BACKGROUND Infections with Ascaris lumbricoides can be traced back to the late Pleistocene by palacoparasitological analysis.
Even today, Ascaris infections are still very common worldwide.

OBJECTIVES In a pilot study, soil samples from the pelvic area of ten individuals from the Celtic necropolis of Povegliano
Veronese (northern Italy) were examined using palacoparasitological methods. The burials date from the 3rd to 1st century

Before the Common Era (BCE).

METHODS The palaeoparasitological methods already proven in earlier studies were applied.

FINDINGS Positive evidence of Ascaris eggs was obtained in three individuals, including a newborn. This neonate is the focus of
the article. The causes of a possible Ascaris infection in a newborn are discussed.

MAIN CONCLUSIONS It may represent the oldest documented instance of ascariasis in a neonatal individual.
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The roundworm Ascaris lumbricoides has a long his-
tory of infecting humans, with evidence dating back to
the Pleistocene (BP), at least 25,000 years BP.) Despite
significant medical advancements, the prevalence of this
infection remains alarmingly high in many regions of
the world, particularly in the Global South. Moreover,
due to increasing global mobility and migration, the
once-forgotten disease ascariasis is re-emerging in Eu-
rope and North America.®

It is estimated that approximately 25% of the world’s
population is affected by soil-transmitted helminths
(STH),® with nearly one billion individuals infected by
A. lumbricoides alone.”? Alongside dental caries, asca-
riasis is considered one of the most prevalent infectious
diseases globally.

Soil-transmitted helminths include not only the
roundworm A. lumbricoides but also the whipworm 7ri-
churis trichiura and the hookworms Ancylostoma duo-
denale and Necator americanus.®¥

SUBJECTS AND METHODS

The late Celtic Gallo Roman necropolis at Local-
ita Ortaia in Povegliano Veronese (northern Italy) was
excavated between 2007 and 2009 by an international
team from Italy, Hungary and Germany. The excavation
revealed a total of 112 inhumations and 36 cremations,
dated to the 3rd to early 1st century Before the Common
Era (BCE).®) During the cleaning process of the bones,
soil samples were routinely collected by WRT from the
visceral surfaces of the iliac and sacral bones for further
analysis and from the skull area for controls. The skel-
etal remains were subsequently studied by WRT from
anthropological and palaeopathological perspectives.©

In 2022, samples from all inhumations were analysed
for stable isotopes. Additionally, the pars petrosa of the
temporal bone was sampled from a subset of individuals,
selected based on their funerary and/or anthropological
features, for palacogenetic analysis.
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A pilot palacoparasitological investigation was con-
ducted by RLG on soil samples taken from the pelvic cav-
ities of ten individuals from Povegliano Veronese-Ortaia.
Previous studies have demonstrated that parasitic worm
eggs can be preserved in soil from the intestinal areas of
humans and animals.”® The rehydration, homogenisa-
tion, and micro sieving (RHM) technique® was utilised
for the palacoparasitological study. Bright field trans-
mitted light optical microscopy was used to visualise the
samples under 100%, 400%, and 600x magnification, cap-
turing photographs at 600x magnification.%!D

RESULTS

Burial 154 contains the well-preserved remains of a
neonatal individual, aged 0-3 months based on long bone
measurements and dental development. Although sex esti-
mation in immature remains is inherently challenging, the
mandibular morphology suggests a female individual.!?

Pathological examination revealed several alter-
ations: new bone formation above the vessel impres-
sions on both parietal bones, slight new bone formation
around foramina in the right orbit (the left orbit was not
preserved), and extended layers of new bone formation
on the long bones. These morphological changes are
consistent with a probable diagnosis of scurvy (Morbus
Moller-Barlow), indicating an active disease process at
the time of death. Palacoparasitological analysis identi-
fied A. lumbricoides eggs in three out of ten soil sam-
ples analysed, including those from burial 154. In this
individual, a total of seven decorticated A. lumbricoides
eggs were recovered (Figs 1-2). A control sample from
the skull area remained negative. The shape and size
of the eggs (ovoid/elliptic and ranging between 52-63

um in length and between 36.1-49.9 pm in width) are
compatible with A. lumbricoides. As mentioned, the
decortication of the outer layer and loss of the charac-
teristic mamillated coat can be ascribed to taphonomic
processes typical of ancient specimens. The fact that all
recovered Ascaris eggs were decorticated suggests the
influence of taphonomic processes which are likely also
responsible for the small number of identified eggs in the
samples. In the neighbouring Lombard burial ground of
Povegliano Veronese, no parasitic eggs were detected in
the 14 soil samples examined.!®

DISCUSSION

Ascaris lumbricoides requires approximately 9-11
weeks to develop from infection (via the ingestion of
fertilised eggs) to sexually mature individuals.®” Case
studies have demonstrated that human neonates can be
infected with A. lumbricoides."*!>

One such case, published by Chu et al., involved a
two-day-old infant delivered via Caesarean section.!¥ A
living female worm was recovered from the infant’s fae-
ces, alongside fertilised Ascaris eggs found in the new-
born’s faeces, amniotic fluid, and the mother’s stool. The
authors proposed an intrauterine transmission, suggest-
ing that larvae may have crossed the placenta, entered
the umbilical vein and foetal circulation, and developed
into adult worms in utero. Adult female worms were also
discovered in the placenta.!¥

Another case, reported by Rathi et al., described a
45-day-old infant suffering from intestinal obstruction
caused by Ascaris infection.!> The excretion of macer-
ated worms precluded determining whether the worms
were sexually mature or in a pre-patent stage. Possible

Fig. 1: Povegliano Veronese, Loc. Ortaia (Italy), burial 154. Possible female (F > M), 0-3 months. Microscopic image of one of the seven Ascaris
lumbricoides decorticated eggs associated with the individual (measurements: 58.8 x 40.39 um). Photo: R. Lopez-Gijon.
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Fig. 2: Povegliano Veronese, Loc. Ortaia (Italy), burial 154. Possible female (F > M), 0-3 months. Microscopic image of another one of the seven
Ascaris lumbricoides decorticated eggs associated with the individual (measurements: 59.08 x 48.51 um). Photo: R. Lopez-Gijon.

sources of infection included honey or contaminated wa-
ter administered in the first days of life, though a trans-
placental transmission route could not be ruled out.

Further evidence of congenital transmission via the
placenta is suggested in a case of neonatal ascariasis
reported by Da Costa-Macedo and Rey.!® This route
of transmission is well-documented in Toxocara canis,
another member of the Ascaridae family.'® Neonatal
Ascaris infections are often associated with nutritional
deficiencies, including lactose digestion issues, which
can severely impair weight gain in neonates.!” For
example, the neonate described by Chu et al., born at
eight lunar months, weighed only 2010 g with a body
length of 45 cm.

In our case, precise age at death could not be deter-
mined beyond the range of 0-3 months due to inherent
limitations in anthropological age estimation. Thus, the
observed parasitic infection may have been congenital or
acquired in the first days of life. The exact cause of death
for the neonate remains undetermined. While intracranial
bleeding may have been a contributing factor, we cannot
exclude intestinal obstruction due to Ascaris infection.

The case of Povegliano contributes to the limited
corpus of palaeoparasitological data available for the
Iron Age in continental Europe, which is primarily rep-
resented by individual coprolites from mining sites (e.g.,
the salt mines of Hallstatt and Hallein), intestinal sam-
ples from bog bodies (e.g., the Dobritz girl and Lindow
Man), and the famous early La Téne princely grave of
Lavau (France) or communal samples from ditches (e.g.,
in the Celtic settlement Basel-Gasfabrik).!®!%20 These
findings indicate that helminth infections were already
widespread among Iron Age communities, occurring
across diverse ecological, social, and cultural settings.

In conclusion, although Ascaris infections are rare in
neonatal individuals, several clinical cases of neonatal
ascariasis have been documented in modern contexts.
However, to date, this parasite has not been identified in
neonates from archaeological contexts.

In the present case, we report what may represent
the oldest documented instance of ascariasis in a neo-
natal individual. The infection could have been acquired
via intrauterine transmission or within the first weeks
of life. This finding contributes to our understanding of
the long-standing relationship between humans and par-
asitic infections, even among the most vulnerable age
groups in ancient populations. A parallel study currently
under review, based on additional samples from Poveg-
liano and the nearby necropolis of Seminario Vescovile
(Lopez-Gijon et al., Unpublished data), will help better
contextualise the case presented in this work.
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OPEN PEER REVIEW

Memoérias do 10C thanks the anonymous reviewers for their contribution to the peer review of this work.

FIRST REVIEW ROUND

REVIEWERS” COMMENTS

REVIEWER #1

The abstract is suitable and the manuscript is original. However, I find crucial problems:

They postulate an unusual case: roundworm eggs in a neonatal individual, an age with a low prevalence in the
literature. To support this, they show a figure with few typical features of a roundworm egg. They find only five
bodies and do not describe their morphology or metric. Among the background information, at least the following
should be included: Reinhard, K., Geib, P.R., Callahan, M.M., Hevly, R.H., 1992. Discovery of colon contents in a
skeletonized burial: soil sampling for dietary remains. Journal of Archaeological Science 19, 697-705.

REVIEWER #2

This study is particularly interesting, as it appears to document the earliest known case of Ascaris lumbricoides
infection in a newborn, as well as the first identified occurrence of this parasite in Iron Age Italy. The findings
once again underscore the importance of analysing human remains in paleoparasitology, both to enhance the
existing reference base and to deepen our understanding of ancient populations. The comparison with modern
parasitological data on Ascaris infections in neonates is also of great interest.

In light of these unpublished results and the new data presented in this article, its publication in Memorias do
Instituto Oswaldo Cruz appears well justified. Nonetheless, I recommend the following minor revisions.

1) FINDINGS: In the 2nd sentence “Ascaris” should be italicised.

2) Introduction:

- In the 3rd paragraph “Ascaris lumbricoides” and “Trichuris trichiura” should also be italicised.

- At the end, it would be useful to include a brief description of the method employed to study the samples —
ideally in a single sentence — indicating, for example, that the technique used to extract parasite markers is based
on micrometric separation of elements. Moreover, the final reference cited (Ledger et al., 2021) presents results and
method not only for microscopy but also for immunology.

3) Results: Are all Ascaris lumbricoides eggs observed in the samples decorticated, as illustrated in Figure 1?
If so, this could be explicitly stated in the text, as it may also indicate that taphonomic processes could account the
low number of eggs observed in the samples.

4) Discussion:

- 1st paragraph, 4th sentence and 2nd paragraph, 1st sentence: “Ascaris’ should be italicised.

- At some point in the discussion, the authors should also address mentions of Ascaris during the Iron Age,
referring, for instance, to recent syntheses in paleoparasitology for this period (Anastasiou 2015; Dufour and Le
Bailly 2022). While the text rightly highlights this case as the earliest known occurrence of A. lumbricoides in a
newborn, it also appears to represent the first documented instance of this taxon in humans from Iron Age Italy—a
point that would be worth stated.

ANASTASIOU Evilena (2015) - « Parasites in European populations from prehistory to the industrial
revolution » dans MITCHELL Piers D. (dir.) - Sanitation, Latrines and Intestinal Parasites in Past Populations.
Ashgate, Farnham, p. 203-217.

DUFOUR Benjamin & LE BAILLY Matthieu (2022) - « Paléoparasitologie de I’age du Fer dans 'ouest de
I’Europe ». Revue archéologique de Picardie, n° 1-2, p. 323-329.

5) Figure caption: “Decorticated” is to be added before “Egg”.

AUTHORS’ RESPONSE TO THE REVIEWERS

Dear Dr. Adeilton Brandao,

We are pleased to enclose our new version of manuscript MIOC-2025-0091, which has been revised in full
accordance with the suggestions and concerns of the two re viewers, to whom we are most grateful. Their kind
recommendations have helped us to clarify and strengthen the paper. Our point-by point responses are listed below
with an account of the corresponding modifications. Please note that two new eggs have been identified from the
samples, giving a total of 7 eggs from this individual. We updated the text accordingly. To support our revised text,
we further added Fig. 2.
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REVIEWERS COMMENTS

REVIEWER #1

Comments: The abstract is suitable and the manuscript is original. However, I find crucial problems: They
postulate an unusual case: roundworm eggs in a neonatal in dividual, an age with a low prevalence in the literature.
To support this, they show a figure with few typical features of a roundworm egg. They find only five bodies and
do not describe their morphology or metric.

Response: Thanks for pointing to this aspect. The recovery of intestinal helminth eggs from bur ial sediments
is strongly influenced by taphonomic processes (e.g. soil acidity, humidity, tem perature), which may result in
the retrieval of only a few findings. Taphonomic factors are also responsible for the appearance of archaecological
decorticated eggs of Ascaris sp., the taxon most commonly represented in European archaeological contexts. In
these cases indeed the charac teristic mamillated coat is missing or grossly altered (see Mitchell et al., 2013; Cunha
et al., 2017; Wang et al., 2022; Markovi¢ et al., 2024). These issues are particularly frequent in Mediterranean
context characterized by semi-arid climatic conditions, less favorable for parasite eggs preser vation if compared
with wet environments (Anastasiou et al., 2018; Bouchet et al., 2003; Ledger et al., 2021; Lopez-Gijon et al., 2023;
Mitchell et al., 2022; Roche et al., 2019).

References:

Anastasiou E, Papathanasiou A, Schepartz LA, Mitchell PD. Infectious disease in the ancient Aegean: Intestinal
parasitic worms in the Neolithic to Roman Period inhabit ants of Kea, Greece. J. Archaeol. Sci. Rep. 2018; 17, 860-
864. https://doi.org/10.1016/j.jasrep.2017.11.006

Bouchet F, Harter S, Le Bailly M. The state of the art of paleoparasitological research in the Old World. Mem.
Inst. Oswaldo Cruz. 2003; 98, 95—101. https://doi.org/ 10.1590/S0074 02762003000900015

Cunha D, Santos AL, Matias A, Sianto L. A novel approach: combining dental enamel hypoplasia and
paleoparasitological analysis in medieval Islamic individuals buried in Santarém (Portugal). Antropol. Port. 2017;
34, 113-135. https://doi.org/ 10.14195/2182-7982 34 6

Ledger ML, Micarelli I, Ward D, Prowse TL, Carroll M, Killgrove K, Rice C, Franconi T, Tafuri MA,
Manzi G, Mitchell PD. Gastrointestinal infection in Italy during the Roman Imperial and Longobard periods: A
paleoparasitological analysis of sediment from skeletal remains and sewer drains. Int. J. Paleopathol. 2021; 33,
61-71. https://doi.org/10.1016/}.ijpp.2021.03.001

Lopez-Gijon R, Duras S, Botella-Lopez MC, Senti-Ribes MA, Dufour B, Le Bailly M. Evidencia
paleoparasitoldgica de Ascaris lumbricoides en restos esqueletizados de época ro mana Dianium (Alicante, https:/
doi.org/10.21630/maa.2022.73.10 Espaiia). Munibe. 2022; 73, 181-190.

Markovi¢ N., Savi¢ AR, Miti¢ A, Mitchell PD. Palaeoparasitological evidence for a possible sani tary
stone vessel from the Roman city of Viminacium, Serbia. J. Archaeol. Sci. Rep. 2024; 57, 104671. https://doi.
org/10.1016/j.jasrep.2024.104671

Mitchell PD, Yeh HY, Appleby J, Buckley R. The intestinal parasites of King Richard III. Lancet. 2013;
382(9895), 888. http://dx.doi.org/10.1016/S0140-6736(13)61757-2

Mitchell PD, Anastasiou E, Whelton HL, Bull ID, Pearson MP, Shillito LM. Intestinal parasites in the Neolithic
population who built Stonehenge (Durrington Walls, 2500 BCE). Parasitology. 2022; 149, 1027-1033. https:/doi.
org/ 10.1017/S0031182022000476

Roche K, Pacciani E, Bianucci R, Le Bailly M. Assessing the parasitic burden in a Late Antique Florentine
emergency burial site. Korean J. Parasitol. 2019; 57, 587—593 https://doi.org/10.3347%2Fkjp.2019.57.6.587

Wang T, Cessford C, Dittmar JM, Inskip S, Jones PM, Mitchell PD. Intestinal parasite infection in the
Augustinian friars and general population of medieval Cambridge, UK. Int. J. Paleopathol. 2022; 39, 115-121.
https://doi.org/10.1016/}.ijpp.2022.06.001

Comments: They find only five bodies and do not describe their morphology or metric.

Response: We now expanded the results section and are more explicit about the cri teria underlying the
taxonomic attribution of these finds (lines 163-169 in the tracked file = lines 111-116 in the cleaned file).

Comments: Among the background information, at least the following should be in cluded: Reinhard, K., Geib,
PR., Callahan, M.M., Hevly, R.H., 1992. Discovery of colon contents in a skeletonized burial: soil sampling for
dietary remains. Journal of Archae ological Science 19, 697-705.

Response: We added the suggested reference.
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REVIEWER #2

This study is particularly interesting, as it appears to document the earliest known case of Ascaris lumbricoides
infection in a newborn, as well as the first identified occurrence of this parasite in Iron Age Italy. The findings
once again underscore the importance of analysing human remains in paleoparasitology, both to enhance the
ex isting reference base and to deepen our understanding of ancient populations. The comparison with modern
parasitological data on Ascaris infections in neonates is also of great interest. In light of these unpublished results
and the new data presented in this article, its publication in Memorias do Instituto Oswaldo Cruz appears well justi
fied. Nonetheless, I recommend the following minor revisions.

Comments: FINDINGS: In the 2nd sentence “Ascaris” should be italicised.

Response: Done.

Comments: In the 3rd paragraph “Ascaris lumbricoides” and “Trichuris trichiura” should also be italicised.

Response: Done.

Comments: At the end, it would be useful to include a brief description of the method employed to study the
samples — ideally in a single sentence — indicating, for example, that the technique used to extract parasite
markers is based on micrometric separation of elements.

Response: We now expanded this section and included more details on the applied method (lines 130-133 in the
tracked file = lines 92-95 in the cleaned file).

Comments: Moreover, the final reference cited (Ledger et al., 2021) presents results and method not only for
microscopy but also for immunology.

Response: This is right. The sentence was therefore deleted. The reference to Ledger et al., 2021 was removed
to lines 169-170 in the tracked file = lines 117-118 in the cleaned file, and rewritten as “In the neighboring Lombard
burial ground of Povegliano Veronese, no para sitic eggs were detected in the 14 soil samples examined.(13=
Ledger et al., 2021)*.

Comments: Are all Ascaris lumbricoides eggs observed in the samples decorticated, as illustrated in Figure 1?
If so, this could be explicitly stated in the text, as it may also indicate that taphonomic processes could account the
low number of eggs ob served in the samples.

Response: Thanks for pointing this out. We now included this aspect to the text (lines 163-169 in the tracked file =
lines 111-116 in the cleaned file). Furthermore, we added Fig. 2, another decorticated Ascaris egg, to support our text.

Comments: 1st paragraph, 4th sentence and 2nd paragraph, 1st sentence: “Ascaris” should be italicised.

Response: Done.

Comments: At some point in the discussion, the authors should also address mentions of Ascaris during the
Iron Age, referring, for instance, to recent syntheses in paleo parasitology for this period (Anastasiou 2015; Dufour
and Le Bailly 2022). While the text rightly highlights this case as the earliest known occurrence of A. lumbricoides
in a newborn, it also appears to represent the first documented instance of this taxon in humans from Iron Age
Italy — a point that would be worth stated.

ANASTASIOU Evilena (2015) - « Parasites in European populations from prehistory to the industrial
revolution » dans MITCHELL Piers D. (dir.) - Sanitation, Latrines and Intestinal Parasites in Past Populations.
Ashgate, Farnham, p. 203-217.

DUFOUR Benjamin & LE BAILLY Matthieu (2022) - « Paléoparasitologie de 1’age du Fer dans ’ouest de
I’Europe ». Revue archéologique de Picardie, n° 1-2, p. 323-329.

Response: Thanks for this suggestion and the included references. We added a section on this aspect (lines 236-
243 in the tracked file = lines 149-156 in the cleaned file). Regarding this being the first example of Ascaris for the
Italian Iron Age, we preferred to be cautious about this aspect since additional samples and results will be listed in
article (currently under review) focused on multiple sites in this area of Italy during the Late Iron Age.

Comments: Figure caption: “Decorticated” is to be added before “Egg”.

Response: Done. Also, the measurements of both eggs (Fig. 1-2) are given.

I would be very happy, also on behalf of my co-authors, if the revised manuscript would now be accepted.

With kind regards

Prof. Dr. Wolf-Riidiger Teegen

SECOND REVIEW ROUND
REVIEWERS” COMMENTS

REVIEWER #1

The original research presented in this article remains as engaging as ever. In my view, the authors have
addressed all the reviewers’ comments and questions in a satisfactory and appropriate manner.

Having carefully reviewed the authors’ responses and the revisions made to the manuscript, I find no further
points requiring modification or addition. In my opinion, the article is ready for publication in its current form.

DECISION: ACCEPT SUBMISSION | RECEIVED 08 APRIL 2025 | ACCEPTED 30 JULY 2025.



