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The detection of diatoms into the organs is considered an important “biological marker”

for the diagnosis of drowning in human pathology, but it still has a high possibility

for false positive results. The aims of this study were: (1) to evaluate the contribution

of pathological examination in drowning cases and (2) to investigate the differences

in the number and location of diatoms between animals who died in drowning and

non-drowning conditions. For these purposes, 30 dead adult dogs were selected for

the study and subdivided into five groups. The group A comprised six cadavers dead

for drowning; the group B comprised six control animals; the groups C, D, and E

comprised six animals dead for causes other than drowning and subsequently immersed

in water for 24, 48, and 72 h, respectively. On each animal, a complete macroscopic and

histological examination and diatom test were performed. Diatoms test and quantification

were also performed on drowning mediums. Pathological findings of the animals in

the group A showed pulmonary congestion, oedema, and hemorrages in the lung.

However, similar injuries were also observed in control and experimentally submerged

cadavers. In contrast, we observed a statistically differences between drowning animals

and all experimentally submerged groups and control animals regarding diatom numbers

recovered from organ tissue samples (p < 0.05). Therefore, these findings suggest

that the number of diatoms may be used as a valid tool to differentiate animals who

died in drowning and non-drowning conditions, even if the latter were found in an

aquatic environment.

Keywords: veterinary forensic pathology, forensic medicine, drowning, diatoms, diatoms test

INTRODUCTION

TheWorld Health Organization (WHO) defines drowning as a “process of experiencing respiratory
impairment from submersion/immersion in liquid” (1). The diagnosis of drowning is reported
in the literature as one of the most difficult in the field of human forensic pathology (2, 3).
Although drowning mechanisms and the associated injuries have been described extensively in
the human medical literature, this diagnosis remains a difficult one to confirm (3). Indeed, a wide
range of information is required to issue a diagnosis of drowning in human forensic pathology,
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such as information about the clinical history of the victim, crime
scene analysis, testimony and physical evidence, microscopic and
histological findings, and ancillary test results (3). In drowned
bodies, the most common lesions reported in the literature
are pulmonary congestion, pulmonary oedema and pulmonary
hemorrhage, foam in the trachea, mouth and nasal cavity, right
ventricular distention and drowning medium into the stomach
(3–6). Similarly, the main histological injuries include intra-
alveolar hemorrhage, pale or proteinaceous fluid within alveoli,
alveolar overdistension, aspiration of gastric fluids, and foreign
material in alveolar space (3). Over the last years, many ancillary
tests have been proposed for the diagnosis of drowning in human
forensic pathology, such as microbiological and electrolyte tests,
and real-time PCR assays (3, 7–10). However, among these,
no one has obtained as much attention as the diatom test. The
detection of diatoms into the organs is currently considered an
important “biological marker” for the diagnosis of drowning in
human forensic pathology (10, 11). Indeed, the diatoms test is
based on the principle that diatoms can be detected in the organs
of drowned victims if they aspirated diatom-rich water into the
lung before death (10). Diatoms are unicellular, photosynthetic
and autotrophic organisms that live both in fresh water and
saltwater. Usually, the size range of diatoms (between 20 and
200µm) and their morphology allow them to percolate through
the alveolo-capillary barrier and subsequently enter into the
bloodstream during the pre-agonic state of drowning (8, 10, 12).
Although the diatom test is a valid test to support the diagnosis
of drowning, its sensitivity and specificity is still controversial;
the main limitation is based on the potential post-mortem
contamination of the organs due to the ubiquitous distribution
of diatoms. Furthermore, some authors have suggested the
possibility of false positive diatoms results due to ante-mortem
penetration of diatoms in the bloodstream through the intestinal
or respiratory tract (13, 14). Finally, negative diatom results
have been reported in tissues of humans who died in drowning
condition (15). In veterinary forensic pathology, the lack of
medical literature, associated with the wide range of animals of
interest, makes the diagnosis of drowning even more difficult
than a drowning diagnosis for humans. In addition, although the
use of the diatom test has been sporadically reported in veterinary
medicine, to the best of the authors’ knowledge, no study has
evaluated its sensitivity and specificity in veterinary contest (10).
Finally, only a few reports have investigated macroscopic and
histological injuries in cases of accidental and nonaccidental
drowning in animals of veterinary forensic interest (3). In light
of these observations, the aims of this study are as follows:
(1) to evaluate the macroscopic and microscopic findings in
drowned animals and, specifically, to evaluate the contribution of
necropsy and histological examination to determine the cause of
death in drowning cases in veterinary forensic pathology; (2) to
investigate the differences in the number and location of diatoms
between animals who died in drowning and non-drowning
conditions; and (3) to investigate the correlation between the
time of permanence in water and the number and location
of diatoms in animals dead for causes other than drowning
and subsequently used for experimental submersions in
standard conditions.

MATERIALS AND METHODS

Study Design
Thirty dead adult dogs [medium-sized animals, age range 6–12
years, mean age 9.33 (SD 2.38)], were enrolled for the study and
divided into five groups. Group A comprised six cadavers dead
from drowning and recovered from aquatic environments (time
since death <48 h); the group B comprised six control animals
dead for causes other than drowning; the group C comprised six
animals dead for causes other than drowning and subsequently
immersed for 24 h in water; the group D comprised animals
dead for causes other than drowning and subsequently immersed
for 48 h in water. Finally, the group E comprised animals dead
for causes other than drowning and subsequently immersed for
72 h in water. All post-mortem experimental submersions of
the cadavers in groups B, C, and D were performed at room
temperature (22◦C) using water with a range of diatoms of 754–
785 (769 ± 15 SD) per 100-µl of pellet obtained from 10ml
of sample.

Water Samples
Between 13 January, 2018 and 20 February, 2019, samples of
water were obtained from the five sites where the drowned
animals (group A) were recovered: a well and pond located in the
countryside of the Veneto region, where the case #1, case #2, case
#3 were recovered, the Brulamacca canal located in the Toscana
Region where the case #4 was recovered and the Mediterranean
Sea in Agropoli and the Mediterranean Sea in Naples, where the
case #5 and case #6 were recovered (Table 3). The samples were
collected using plastic sterile containers. the samples were used
for diatoms identification and counting of the five water sites.

Macroscopic and Histological Examination
Post-mortem examination was performed in all cadavers. The
forensic necropsies were performed in the necropsy room of the
Department of Veterinary Medicine and Animal Production of
the University of Naples “Federico II” with a standard forensic
necropsy protocol previously described by Piegari et al. (16).
In addition, lung samples were collected for histopathologic
examination; samples were fixed in 10% neutral buffered
formalin, embedded in paraffin, sectioned at 4 microns and
stained with hematoxylin and eosin (HE) for morphological
evaluation of lesions (17). For the purposes of this study, multiple
samples were taken from left cranial and caudal lobes and right
cranial, middle, accessory and caudal lobes, in order to obtain a
representative evaluation of the whole organ.

Diatom Test
According to the protocol previously described by Fucci
et al. (10), for control, experimentally submerged cadavers and
drowned animals, five grams of lung, liver, kidney, brain, spleen,
and bone morrow, were processed for diatom test performed
with the hydrogen peroxide digestion method. Finally, the
same aforementioned protocol was used to process 10ml of
each drowning medium of the animals in group A. For the
purposes of this study, we used the hydrogen peroxide method
to better preserve the diatoms during the extraction process.
Furthermore, to avoid contamination, an internal protocol was
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TABLE 1 | Diatom test protocol and internal protocol used to avoid diatom

contamination.

Diatom test step Internal protocol to avoid diatom

contamination

Necropsy Sterile blades, change of the blade after

skinning to avoid skin contact with organs

Sample collection Sterile blade, separate instruments for each

sample, diatom-free glass containers

Samples treated with HCL (20%)

for 24 h

Sterile blade, separate instruments for each

sample, diatom-free glass containers

Washing Diatom-free water for washing

Samples treated with H2O2 (40%) diatom-free glass containers

Overnight sedimentation and

decanting of excess liquid

//

Sediment centrifuged three times

at 1,000 rpm and washed

Diatom-free water for washing, diatom-free

glass containers

used to take the samples and to process them in the laboratory.
This internal protocol included the use of sterile instruments
for each sample and the use of Diatom-free water for washing.
Table 1 summarizes the diatom test steps and the protocol used
to avoid diatom contamination.

Diatom Quantification and Statistical
Analysis
After hydrogen peroxide digestion method and centrifugation of
the samples, 100-µl of pellet was transferred onto microscope
slides and mounted with Naphrax resin (Brunel Microscopes
Ltd., Chippenham, UK). Diatom slides were evaluated using
a standard light microscope at 40× magnification for diatom
counting and 100× for diatoms identification. Diatoms were
evaluated and classified according to the international literature
(18–20). The SPSS 20.0 package (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis of the data. The Mann–Whitney
test, a nonparametric test for two independent samples, was
used to assess the differences in diatom number between groups.
P-values < 0.05 were considered statistically significant.

RESULTS

Forensic Necropsy
In all animals in group A, we observed mild to moderate
pulmonary congestion and moderate to severe pulmonary
oedema. Furthermore, in 1 case, we found water in the stomach
and in 3 out of 6 cases, pulmonary hemorrhages and right
ventricular distention. In addition, in 4 out of 6 cases, we
observed moderate to severe pulmonary emphysema. Finally, in
1 case, fracture of the ribs and subcutis hemorrhages were also
observed. However, similar lesions were found in control and
experimentally submerged cases (Table 2).

Histological Analysis
The histological examination performed on lung samples of the
animals in group A revealed, in all assessed cases, moderate to
severe pale or proteinaceous fluid within alveoli. In addition, in 3

out 6 cases, we observed multifocal intra-alveolar hemorrhages,
mild to moderate vasodilatation and rupture of several alveolar
walls. Moreover, a mild interalveolar infiltrate of macrophages
was also observed in 1 out of 6 cases. However, similar
injuries were observed in the lungs of animals in control and
experimentally submerged groups. Indeed, in all animals in
group B, we found mild to moderate pulmonary oedema and
vascular congestion. In 3 out of 6 cases, we also observed
multifocal hemorrhages and a mild infiltration of neutrophil
granulocytes and macrophages. Similarly, in all animals in
group C, we observed moderate to severe intra-alveolar oedema
associated with vascular congestion and, in 2 out of 6 cases, intra-
alveolar hemorrhages. A mild to moderate pulmonary oedema
was also observed in Groups D and E. Finally, as regard the
animals in group A, in only one case, the histopathological
examination showed foreign material in alveolar spaces, which,
by morphology, could be compatible with diatoms. In particular,
the histopathological examination allowed the detection of
foreign and unstained material, characterized by small and
elongate structures, often with multiple striae perpendicular to
their major axis. In contrast, in control and experimentally
submerged cases, the histopathological examination did not
allow us the detection of foreign and unstained material,
compatible with diatoms or other algae (Figure 1).

Diatoms in Drowning Medium
The ranges of diatom counts per 100 µl of pellet obtained
from 10ml of water samples of Mediterranean sea in Naples
and Agropoli, well and pond located in the countryside
region of Venezia and the Brulamacca canal located in the
Toscana Region, were 310–383 (342 ± 37), 452–461 (458
± 4), 720–782 (749 ± 31), 2,323–2,850 (2,524 ± 284), and
560–581 (571 ± 1,069) frustules, respectively (Table 3). The
most common diatoms detected in our study belonged to
the genus Nitzschia, Navicula, Cymbella, Cyclotella, Fragilaria,
Gomphonema, Amphora, Bacillaria, Cocconeis, and Craticula.

Diatoms in Drowned and Control Animals
The diatoms test allowed us to observe a different diatom
diffusion between drowned and control animals. In particular,
diatoms were detected in the lung, liver and kidney of all animals
in group A. Furthermore, diatoms were observed in the spleen
of 3 out of 6 cases and in bone morrow tissues of 2 out of 6
animals. With regard to the animals in group B (control animal),
no diatoms were detected in 5 out of 6 cases, while in one case,
diatoms were recovered from spleen and liver tissue samples. The
most common diatoms detected in the animals in group A belong
to the genus Nitzschia (Nitzschia capitellata Hustedt in Schmidt,
Nitzschia dissipata, Nitzschia palea (Kützing) Smith, Nitzschia
microcephala Grunow in Cleve &Möller, Nitzschia recta Hantzsch
in Rabenhorst, Nitzschia subtilis), Navicula, Cymbella, Cyclotella
(Cyclotella meneghiniana Kutzing, Cyclotella ocellata Pantocsek),
Fragilaria (Fragilaria construens f. binodis (Ehrenberg) Hustedt)
Gomphonema (Gomphonema acuminatum, Gomphonema
micropus (Kützing), Gomphonema parvulum (Kützing) Kützing),
Amphora (Amphora inariensis Krammer, Amphora ovalis
(Kutzing) Kutzing), Bacillaria (Bacillaria paxillifera Hendey),
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TABLE 2 | Macroscopic lesions of drowning observed in study animals stratified by group.

Group Wet hair

coat

Pulmonary

congestion

Pulmonary

edema

Pulmonary

hemorrhages

Pulmonary

emphysema

Right ventricular

distension

Foreign material

in stomach

Traumatic

lesions

Cause of death

GA.1* X X X X X – X – Drowning

GA.2 X X X X – X – – Drowning

GA.3 X X X X X – – X Drowning

GA.4 X X X – – X – – Drowning

GA.5 X X X – X – – – Drowning

GA.6 X X X – X X X – Drowning

GB.1 – X X – – – – X Blunt trauma

GB.2 – X X – – – – – Euthanasia

GB.3 – X X – X X – – Dilatative cardiomyopathy

GB.4 X X X X X – – X Blunt trauma

GB.5 X X X X – – – X Blunt trauma

GB.6 X X X X X X – X Blunt trauma

GC.1 X X X – – – – – Euthanasia

GC.2 X X X X X X – X Blunt trauma

GC.3 X X X – – X – – Dilatative cardiomyopathy

GC.4 X X X X X X – – Kidney failure

GC.5 X X – – – – – X Traumatic Brain Injury

GC.6 X X X – – X – – Hypovolemic shock

GD.1 X X X – – X – – Euthanasia

GD.2 X X X X X X – – Dilatative cardiomyopathy

GD.3 X X X – X X – – Splenic cancer

GD.4 X X X – – X – – Euthanasia

GD.5 X X X X X – – – Septic shock

GD.6 X X X – – X – – Euthanasia

GE.1 X X X X X X – – Euthanasia

GE.2 X X X – X X – – Euthanasia

GE.3 X X X – X X – – Euthanasia

GE.4 X X X X X X – – Septic shock

GE.5 X X X – X X – – Euthanasia

GE.6 X – – – – – – X Traumatic brain injury

*Group A (GA), Group B (GB), Group C (GC), Group D (GD), Group E (GE).

and Cocconeis (Cocconeis placentula Ehrenberg) and matched
with the respective drowning mediums. Furthermore, all diatoms
recovered from control animal tissue samples belonged to the
genus Navicula (Figure 2).

In addition, we observed differences in diatom number
between drowned and control animals. Overall, the number of
diatoms in each assessed organ of the drowned animals ranged
from 0 to 91 frustules/100 µl, while those in control animals
ranged from 0 to 2. In addition, among drowned animals, we
observed higher diatom numbers in lung tissue samples than
those detected in other organs. In contrast, all the diatoms
detected in control animals were in organs other than lungs.

Among drowned cases, the highest diatoms number was
observed into the organs of the dog recovered in the pond located
in the countryside region of Venezia. In this case, the range
of diatoms density of the drowning medium was calculated as
2,323–2,850 (2,524 ± 284 SD)/100 µl of pellet and contained
the highest levels of diatoms among the assessed drowning
mediums (Table 3).

Finally, the Mann-Whitney test showed differences in diatom
numbers between the drowned (Group A) and control group
(Group B) (Table 4). In particular, we observed significantly
lower diatom numbers in the lung, liver, kidney, and spleen
of the control group (Group B) compared to the drowned
animals (Group A).

Post-mortem Diatom Penetration
Diatoms were detected in the lungs of all experimentally
submerged cadavers (group C = 24 h in water; group D = 48 h
in water; and group E = 72 h in water). In addition, diatoms
were recovered from liver and spleen tissue samples of 1 animal
in group E (72 h in water). Furthermore, The most common
diatoms detected in experimentally submerged cadavers belong
to the genus Cyclotella (Cyclotella meneghiniana Kutzing,
Cyclotella ocellata Pantocsek), Cocconeis (Cocconeis placentula
Ehrenberg) and Gomphonema (Gomphonema acuminatum,
Gomphonema micropus), and, matched with the drowning
medium used for the experiment. Overall, the number of diatoms
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FIGURE 1 | Representative H&E –stained sections from lung tissues of animals of the groups (A–C). (A) Lung section from drowned animals showing proteinaceous

fluid within alveoli. (B) Lung section from downed animals showing mild to moderate vasodilatation and emphysema. (C,D) Lung section from animals of the group B

showing proteinaceous fluid in alveolar space, vasodilatation and emphysema. (E) Lung section from animals of the Group C showing proteinaceous fluid within

alveoli, vasodilatation and intra-alveolar hemorrhages. Hematoxylin and eosin stain, original magnification 20×. (F) Lung section from animals in the group A showing

foreign and unstained material, characterized by small and elongate structures, often with multiple striae perpendicular to their major axis, consisting of diatoms

Hematoxylin and eosin Stain, original magnification 10×.

recovered from lung tissue samples from group C animals ranged
from 3 to 7 frustules/100µl, while those of groups D and E ranged
from 5 to 9 and 10 to 16, respectively (Table 5). The Mann-
Whitney test showed no differences in diatoms number between
group C and D lung tissue samples. However, the same test
demonstrated differences in diatoms number between animals
of groups C and E and groups D and E (Table 6), between
the experimentally submerged groups and drowned animals and
between the control and experimentally submerged groups. In
particular, we observed that the diatoms number recovered from
lung tissue samples from group E were significantly higher than
those observed from animals in groups C and D (p < 0.05).

Furthermore, we found that the diatom numbers in the lung
tissue samples from the experimentally submerged cadavers were
significantly lower than those observed in drowned animals and
significantly higher than those detected in the control group
(Group B) (p < 0.05).

DISCUSSION

The World Health Organization (WHO) defines drowning
as a “process of experiencing respiratory impairment from
submersion/immersion in liquid” (1). The main mechanism
of drowning is rapid and persistent hypoxemia due to the
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FIGURE 2 | The most common diatoms identified in animals of the Group A. (A) Nitzschia spp. (B) Gomphonema micropus. (C) Cyclotella spp. (D) Gomphonema

acuminatum. (E) Amphora ovalis. (F) Fragment of diatom. Original magnification 100×.

introduction of water or other liquids into the airway (3,
11, 13, 21, 22). Unfortunately, in veterinary literature, only
few studies have investigated the macroscopic and microscopic
changes following accidental and nonaccidental drowning (3,
23). Overall, the most common injuries observed in drowning
cases are located at the respiratory and cardiac level and include
pulmonary congestion, pulmonary oedema and pulmonary
hemorrhage, foam in the trachea, mouth and nasal cavity,
right ventricular distention and drowning medium into the
stomach (3, 5, 24–27). Similarly, in our study, the macroscopic
and histological examinations of the animals in group A
allowed us to observe the same classical injuries of drowning
previously described in the human and veterinary literature,
such as pulmonary congestion, pulmonary oedema and right
ventricular distention (3). Interestingly, similar injuries were

also observed in the control and experimentally submerged
animals. These findings suggested a low contribution of necropsy
and histological techniques in determining the final cause of
death in drowning cases. Indeed, as highlighted frequently in
human forensic pathology, these injuries, although characteristic
of drowning, are not conclusive because they can be detected
during autopsies of cadavers dead for causes other than drowning
(5). For example, pulmonary oedema or pulmonary hemorrhage
as well as right ventricular distention can be observed in a broad
range of diseases, such as allergic reactions, neurological diseases,
acute kidney diseases or hearth diseases (28–30).

As regard to the diatoms test, in relation to the diatoms
recovered from animal tissues, we observed a statistically higher
diatom number in the tissues of drowned animals than in the
tissue of control animals. In particular, the number of diatoms
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TABLE 3 | No. of diatoms per 100 µl recovered from drowning mediums and animal tissue samples.

Animals Site of recovery Diatoms in water samples Lung Liver Kidney Brain Spleen Bone morrow

GA.1* Well 720–782 (749 ± 31) 29 6 2 n/d** n/d n/d

GA.2 Well 720–782 (749 ± 31) 28 5 2 n/d n/d n/d

GA.3 Pond 2.323–2850 (2.524 ± 284) 91 7 2 0 6 3

GA.4 Brulamacca canal 560–581 (571 ± 10) 37 2 3 0 2 2

GA.5 Mediterranean Sea in Naples 310–383 (342 ± 37) 29 4 2 0 3 0

GA.6 Mediterranean Sea in Agropoli 452–461 (458 ± 4) 27 2 1 0 3 0

GB.1 Terrestrial environment – 0 0 0 0 0 0

GB.2 Terrestrial environment – 0 1 0 0 2 0

GB.3 Terrestrial environment – 0 0 0 0 0 0

GB.4 Terrestrial environment – 0 0 0 0 0 0

GB.5 Terrestrial environment – 0 0 0 0 0 0

GB.6 Terrestrial environment – 0 0 0 0 0 0

*Group A (GA), Group B (GB); **no data.

TABLE 4 | Mann–Whitney rank sum test between control and drowned animals.

Animals Lung Liver Kidney Brain Spleen Bone morrow

Median (group A) 29 4 2 0 3 1

Median (group B) 0 0 0 0 0 0

P-value <0.05 <0.05 <0.05 >0.05 <0.05 >0.05

in drowned animals ranged from 0 to 91 frustules/100 µl,
while those in control animals ranged from 0 to 2. Among
drowned animals, the highest diatoms number was observed
into the organs of the dog dead in the pond located in
the countryside region of Venezia. In this case, the diatoms
density of the drowning medium was the highest among the
assessed drowning mediums. This finding suggested a specific
relationship between number of diatoms recovered from water
samples and diatoms density in organs tissues samples. It also
suggested the possibility of calculating a range of diatoms in the
drowning medium at the time of drowning by evaluating the
number of diatoms in the victim’s organs. However, the small
sample size assessed in this study does not allow us to confirm
this hypothesis.

In addition, we observed differences between control (Group
B) and drowned animals (Group A) regarding diatom location.
Indeed, diatoms were detected in the lung, liver and kidney of
all animals in group A. Furthermore, diatoms were recovered
from spleen of 4 out of 6 animals and from bone morrow tissue
samples of 2 animal in group A. Among the assessed organs, the
highest diatom number was observed in lung tissue samples, with
a range from 27 to 91 frustules/100 µl. In contrast, in animals
in group B (control animal), no diatoms were detected in 5 out
of 6 cases, while in one case, few diatoms were recovered from
liver and spleen tissue samples. Finally, all diatoms detected in
the animals in group A matched with the respective drowning
medium. The positive diatom results observed in the drowned
animals could be explained by antemortem penetration of water
containing diatoms into the lungs (3, 10). In these cases, the
small size range of diatoms and their morphology allow easy

TABLE 5 | No. of diatoms per 100 µl recovered from animal tissue samples.

Animals Lung Liver Kidney Brain Spleen Bone

morrow

Total number of

diatoms in organ

other than lung

GC.1* 4 0 0 0 0 0 0

GC.2 3 0 0 0 0 0 0

GC.3 4 0 0 0 0 0 0

GC.4 6 0 0 0 0 0 0

GC.5 7 0 0 0 0 0 0

GC.6 3 0 0 0 0 0 0

GD.1 5 0 0 0 0 0 0

GD.2 8 0 0 0 0 0 0

GD.3 5 0 0 0 0 0 0

GD.4 5 0 0 0 0 0 0

GD.5 9 0 0 0 0 0 0

GD.6 5 0 0 0 0 0 0

GE.1 10 0 0 0 0 0 0

GE.2 11 4 0 0 1 0 5

GE.3 12 0 0 0 0 0 0

GE.4 16 0 0 0 0 0 0

GE.5 15 0 0 0 0 0 0

GE.6 15 0 0 0 0 0 0

*Group C (GC), Group D (GD), Group E (GE).

percolation through the alveolo-capillary barrier with subsequent
entry into the bloodstream and diffusion to peripherical organs
during the preagonic state of drowning (3, 10). In contrast, the
positive results observed in control animals could be explained
by antemortem diatoms penetrating through the gastro-enteric
system as a result of ingestion of diatom-rich food or water
(14, 31, 32). Moreover, the inhalation of diatoms should be
considered an additional mechanism of diatom penetration in
living animals (33, 34). The possibility of false positive diatom
results has been previously reported in human forensic pathology
(35). However, the human literature on antemortem diatom
penetration is highly controversial. Foged et al. (36) in a study
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TABLE 6 | Mann–Whitney rank sum test of diatom test results in lung.

Animals P-value

Group C vs. D >0.05

Group C vs. E <0.05

Group D vs. E <0.05

conducted on 4 non-drowned human bodies, reported a range
of diatoms between 8 and 194 valves/cm in lung, 8 and 54
valves/cm in liver, 7 and 53 valves/cm in kidney, and 15 and
17 valves/cm in femur marrow. However, the most recent
studies, conducted with internal protocols to avoid post-mortem
diatom contamination, showed results sharply in contrast than
those reported by Foged et al. (36). For example, Lunetta
et al. (13), in a study conducted on 14 non-drowned bodies,
detected only a few diatoms in 6 out of 14 cases. In contrast,
Auer and Möttönen (37) reported no diatoms recovered from
internal organs of 15 non-drowned cadavers. Similarly, Bortolotti
et al. (38) showed the absence of diatoms in both lung and
sternum samples of 45 non-drowned cadavers. In contrast, in
veterinary forensic pathology, Fucci et al. (10), in a recent
study conducted on 10 drowned and non-drowned animals,
detected diatoms in otters who died for causes other than
drowning. Regarding post-mortem diatom penetration in the
experimentally submerged cadavers, diatoms were detected in
the lungs of all animals in groups C, D, and E. In addition,
diatoms were recovered from liver and spleen tissue samples
from 1 animal in group E (72 h in water). All diatoms detected in
the in the experimentally submerged cadavers matched with the
respective drowning medium. Furthermore, the Mann-Whitney
test showed no differences in diatom numbers between lung
tissue samples from groups C and D. The same test demonstrated
differences in diatom numbers between lung tissue samples
from groups C and E and groups D and E. In addition, in all
experimentally submerged groups, the number of lung diatoms
ranged from 3 to 16 frustules/100 µl and was statistically
lower than those observed in drowned animals (group A) and
statistically higher than those detected in control animals (group
B). Overall, the positive diatom results observed in the lungs of
experimentally submerged animals could be explained by post-
mortem passive and gravity-dependent movement of water into
the lung. In these cases, the absence of cardiac function should
prevent diatoms from spreading to other tissues. However, the
higher number of diatoms in the lungs of the group E (72 h in
water) compared to those of other experimentally submerged
groups and the positive diatoms results observed in liver and
spleen tissue samples of one animal in group E suggest a
specific relationship between post-mortem diatom diffusion and
time of permanence in water. Post-mortem changes, such as
putrefaction and autolysis, could play an important role in
the post-mortem diffusion of diatoms into cadavers. Indeed,
diatoms can resist to the putrefaction (12, 39). Therefore, with

increasing cadaver decomposition, diatoms could spread into
the lungs and enter into the other internal organs of the
corpse, miming an antemortem spread due to drowning. Our
results are in apparent agreement with those reported by Di
Giancamillo et al. (39) that showed the presence of diatoms in
heart, lungs, and skin samples of pigs immersed in water for
1 month after death. However, the different assessed species
and different times of permanence in water make these findings
not directly comparable with the results reported in our study.
Overall, the results of this study showed statistical differences
between animals in group A and all experimentally submerged
groups and control animals regarding diatom numbers recovered
from organ tissue samples. Therefore, these findings suggest
that the number and location of diatoms may be used as a
valid tool to differentiate animals who died in drowning and
non-drowning conditions, even if the latter were found in an
aquatic environment.

CONCLUSION

The diagnosis of drowning is a challenge in human forensic
pathology as well as in veterinary forensic pathology. Our
results suggest that the diatom test is a valid tool to support
the diagnosis of drowning in veterinary forensic pathology. In
contrast, the histological and anatomopathological findings in
drowning cases are less specific because they can be observed
in a wide range of causes other than drowning. Our results
showed differences in diatom density and location between
drowned and non-drowned cadavers. Therefore, our study
provides a reference basis to better establish separation values
between drowned and non-drowned animals in veterinary
forensic pathology.
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