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Abstract

Background. Determining the cause and manner of death in scenes involving multiple and
putrified bodies found in the same environment is a real challenge for forensic pathologists.
While common scenarios include fires, vehicle crashes, and natural disasters, one of the
most common causes is drug intoxication or poisoning, and the scene must be carefully
evaluated based on circumstantial evidence. Carbon monoxide (CO) (also called “the
silent killer”) remains one of the leading agents capable of producing simultaneous fa-
talities. In multi-body scenes, distinguishing between homicide–suicide, double suicide,
and accidental deaths adds further complexity. The aim of this study is to highlight the
limitations of toxicological and pathological investigations in advanced putrefaction and
to emphasize the role of scene investigation in the interpretation of suspected CO-related
deaths. Methods. The authors report a case of suspected CO intoxication involving two
bodies in an advanced stage of decomposition recovered from the same room. The scene
investigation, coupled with the presence of a malfunctioning combustion source, raised
suspicion of CO exposure; however, analytical interpretation was severely constrained
by the altered condition of biological samples. Results. Advanced decomposition magni-
fies these challenges. Putrefactive changes can mimic traumatic injuries, hide hypostasis,
and compromise both macroscopic and microscopic evaluations due to autolysis and gas
formation. Toxicological investigations are frequently hindered by the degradation or ab-
sence of key biological matrices such as blood, cavity fluids, or vitreous humor, rendering
carboxyhaemoglobin quantification unreliable or impossible. These limitations may lead
to incorrect medico-legal conclusions. Conclusions. Determining the cause and manner
of death in complex multi-body scenes requires careful evaluation of circumstantial evi-
dence and scene investigation, particularly when advanced decomposition compromises
biological analyses and toxicological interpretation.

Keywords: carbon monoxide; carboxyhemoglobin; putrefied bodies; forensic pathology;
on-site investigation

1. Introduction
Forensic pathologists are sometimes called to determine the cause of death in situations

involving multiple bodies found in the same environment. In those cases, the most common
causes are accidents involving house fires, vehicle crashes, or natural disasters [1]. When
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those are excluded by circumstantial evidence, the other causes may be sexual asphyxia,
drug intoxication, or, usually, carbon monoxide (CO) poisoning [1]. This gas is also known
as the “silent killer” [2], and it is a colorless, odorless, and non-irritating gas, able to kill
multiple individuals at the same time [3,4]. Lately it has also been described the Philemon
and Baucis death, when the death of two close people is due to natural causes [5,6]. In
addition, when two or more bodies are found in the same room, it becomes difficult to
distinguish the manner of death, as it could be a homicide–suicide, a double suicide [7,8],
or two accidental deaths.

In these circumstances, investigations and medico-legal on-site inspection are im-
portant; it is required not just a careful examination of the bodies but also a meticulous
assessment of the scene, looking for any agents capable of causing death in multiple
individuals within a short time.

An additional challenge in these cases is the discovery of bodies in an advanced stage of
decomposition. Indeed, putrefaction makes findings difficult to understand, and they might
be misinterpreted, like the early changes in decomposition may be confused with signs of
violence or trauma [9]. Decomposition also modifies the skin color, making the evaluation
of hypostasis difficult or even impossible [10], and the organs may become deteriorated,
both at the macroscopic and microscopic analysis, where autolysis and putrefactive gases
can make histological investigations difficult to interpret [11]. Toxicological investigations
are also affected by putrefactive processes; biological samples, such as blood, cavity fluids,
urine, or humor vitreous, may be absent or deteriorated in bodies in an advanced state of
decomposition, making such investigations impossible or not fully reliable [9,12–15].

Therefore, the discovery of two or more decomposed bodies in the same environment
presents substantial challenges for forensic pathologists, and the absence of a standardized
approach may result in the loss of crucial elements in determining the cause and the manner
of death, mostly in intoxication deaths, where finding and preserving biological samples
is fundamental.

The authors present an interesting case of CO intoxication involving two bodies in an
advanced state of decomposition found in the same room.

The aim of this study is to highlight the limitations of toxicological and pathological
investigations in advanced putrefaction and to emphasize the role of scene investigation in
the interpretation of suspected carbon monoxide-related deaths.

2. Case Presentation
In winter 2023, two dead bodies—a 79-year-old husband and his 76-year-old wife—

were found inside the kitchen of their rural house in central Italy. The alarm had been
raised by their son, who had not heard them for approximately ten days. At the forensic
pathologist’s on-site inspection, the bodies were found in an unusual position: the wife
was lying supine on the floor, and the husband was half-sitting on top of her, with one knee
on her chest (Figure 1). Both were in an advanced stage of decomposition (bloated/active
decay) and colonized by Diptera larvae. Their clothes were intact but soiled with dried,
dark brown-black fluid. The room temperature was 22 ◦C one meter above the ground
and 25 ◦C at the floor level. The CO levels in the room were not available. The kitchen
was tidy, and no notes suggestive of suicide were found. The kitchen was continuous
with the bathroom, where a boiler was discovered with its front panel removed and
resting on the floor (Figure 2). The boiler had two illuminated screens showing error and
malfunction codes.
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Figure 1. On-site inspection.

 

Figure 2. Malfunctioning boiler.

2.1. Radiological Findings

A post-mortem total body CT scan was performed on both cadavers, using an MSCT
64 B CT Discovery 750 HD system (GEMS) with the following technical parameters: helical
scan type, 0.6–1.25 mm, interval 0.625–1, pitch 0.5–1 acquisitions, and a standard/bone
reconstruction algorithm. The images obtained were processed using a dedicated post-
processing workstation with MPR (multi-plane reformat) and 3D VR (volume rendering)
reconstructions. Both exams showed extensive and diffuse putrefactive changes, character-
ized by gases collected in superficial and deep tissues and liquefactive changes in visceral
organs [16–18]. No signs of trauma or foreign bodies were found (Figure 3).

2.2. Autopsy Findings

Both bodies were characterized by advanced putrefactive changes (bloated/active
decay). External and internal examination rule out traumatic signs. Brains were liquefied,
the female lungs were light in weight (L: 290 g R: 360 g) and colonized by larvae, while the
male lungs were heavier (L: 383 g R: 650 g). The wife’s heart weighed 220 g, the thickness
of the left ventricle was 1.4 cm, and the right coronary artery had an atherosclerotic plaque
occluding the lumen by 30%. The husband’s heart weighed 405 g, the thickness of the left
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ventricle was 1.3 cm, while the septum was 2 cm. The anterior interventricular artery had a
metallic stent and an atherosclerotic plaque occluding the lumen by 30%. The same plaques
were also found in the circumflex artery and the right coronary artery, where they occluded
the lumen by 20%.

 

Figure 3. No traumatic signs at post-mortem CT. (Left): male; (Right): female.

Biological samples were collected for histological and toxicological analyses. Due to the
advanced decomposition stage, central blood was found only in the husband’s body, while
organ samples were collected from both individuals as the larvae for entomological analyses.

2.3. Histological Findings

Histological examination—although hindered by putrefaction changes—confirmed the
chronic myocardial damage (Figure 4), more marked in the male, who showed widespread
areas of myocardial sclerosis (Figure 5).

 

Figure 4. Chronic myocardial damage.
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Figure 5. Myocardial sclerosis.

2.4. Toxicological Analyses

Toxicological analyses made on liver and brain samples of both individuals with
high-performance liquid chromatography coupled with high-resolution mass spectrometry
(HPLC-HRMS) detected no drugs capable of explaining the deaths. However, the husband’s
central blood, using a UV spectrophotometry, showed a carboxyhaemoglobin (COHb)
concentration of 29.98%, expressed as the arithmetic mean of two different results (29.07%
and 30.90%). The analysis should be repeated using the GC-O-FID technique on the spleen
if this instrument is available in the laboratory.

To determine the COHb concentration, 0.2 mL of blood was diluted with 50 mL of a
10 mmol/L tris(hydroxymethyl)aminomethane (THAM) solution, and 100 mg of sodium
hydrosulfite was added. Subsequently, 5 mL of this diluted blood were satured with
gaseous carbon monoxide and further diluted with THAM to obtain six blood aliquots with
increasing carboxyhemoglobin concentrations, which were used to construct the calibration
curve. The absorbance difference between spectrophotometric readings at 530 nm and
584 nm was evaluated (Table 1).

Table 1. HbCO levels in husband’s central blood.

Sample Conc. [%] Conc. (Lower) Conc. (Upper)

Std 100% 95.98 93.96 98.11

Central blood 29.98 29.06 30.90

2.5. Entomological Findings

Entomological analyses were performed on both cadavers. The only species identified
was Calliphora vomitoria in the third stage of development. The entomological results,
along with the TBS Total Body Score (TBS) [19] and Total Decomposition Score (TDS) [20],
provided a minimum post-mortem interval (PMI) between six and thirteen days for the
male cadaver and between six and fourteen days for the female body (Table 2).

Table 2. Entomological identification and developmental stage.

Order: Family Species Developmental Stage Tube Nr.

Diptera: Calliphoridae Calliphora vomitoria Larvae III A1

Larvae I–III A2

Larvae I–II B1

2.6. Cause of Death

Therefore, after excluding traumatic deaths and drugs/alcohol intoxication, consider-
ing the malfunctioning boiler discovered in the bathroom during the on-site inspection and
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the COHb concentration of 29.98% in the husband’s blood, the cause of death for both was
attributed to acute respiratory failure due to carbon monoxide poisoning in individuals
with chronic artery disease, occurred approximately ten days before the discovery on
the bodies.

3. Discussion
Forensic pathologists are often involved in establishing the cause of death in suspected

CO poisoning deaths. CO is a colorless, tasteless, odorless, and non-irritating gas, also
known as the “silent killer” [2]. It is mainly produced through the incomplete combustion
of carbon-containing substances such as vehicle exhaust, smoke from fires, and improperly
maintained heating systems [21].

CO is the leading cause of unintentional poisoning deaths in Western countries,
causing 500 deaths/year in Italy and more than 1000 deaths/year in the US [22], and
its leading pathophysiological mechanism resides in the ability of carbon monoxide to
bind to hemoglobin molecules with a higher affinity (200–250 times greater) than oxygen,
generating COHb.

The presence of COHb in the blood reduces oxygen delivery to tissues by inducing
a leftward shift in the Hb-O2 dissociation curve, leading to tissue hypoxia [23,24] and
increased vulnerability of organs with the highest oxygen demand, such as the brain and
the heart. In addition, CO produces myocardial injuries with cardio-specific mechanisms,
and patients with underlying cardiac disease, especially coronary heart disease, are at
greater risk of infarction and arrhythmias [25,26].

Cardiac comorbidities account for most of the variability in CoHb levels, and exposure
to levels of 15% COHb is sufficient to cause myocardial infarction and arrhythmias in
individuals with at least moderate cardiovascular disease [25,27], and a concentration of
25–30% of COHb might become lethal in older patients with cardiovascular diseases [28].

Usually, in healthy subjects, normal COHb levels are <1%; they might be remarkably
higher in smokers (10–15%), and more than 20% is found in seriously intoxicated patients.
Levels above 30% are considered life-threatening without intervention, and greater than
50% is typically lethal (Table 3) [25,27].

Table 3. Carbon monoxide toxicity and carboxyhemoglobin levels.

COHb Level (%) Clinical Symptoms

<1 Normal level, no symptoms

<10/15 Smokers, no symptoms

15–30 Headache, dizziness, nausea, vomiting

30–50 Neurological-cardiological symptoms, life-threatening

>50 Coma, cardiopulmonary depression, death

Intoxicated patients commonly report weakness, headache, dizziness, nausea, vomit-
ing, chest pain, or neurologic symptoms, but their severity does not always correlate with
COHb levels [21]. Clinical manifestations range from mild, flu-like symptoms to stroke-like
deficits, cardiovascular collapse, and death [24].

In these cases, autopsy findings are well described and known in fresh cadavers [28].
The classical “cherry-pink/red” color of the skin, especially in areas of postmortem hy-
postasis, is the most characteristic finding in CO poisoning deaths, and it is usually visible
on blood, muscles, and organs too, especially when carboxyhaemoglobin level exceeds
about 30 per cent in the blood [28]. Those findings are difficult to see in anemic and racially
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pigmented victims, where nailbeds, mucosae, and soles can be examined. Other findings
are non-specific, even if pulmonary and brain edema are usually observed [28].

As most autopsy findings are non-specific for CO poisoning, the basic point of evalua-
tion in forensic practice is the determination of COHb levels, usually carried out on blood
samples, even if spleen, liver, muscles, and body cavity fluids can also be used.

In putrefied cadavers, it is even more difficult, because cherry pink/red color is not
visible, and samples for the COHb saturation levels might be compromised. Indeed, the
scientific literature is not unanimous regarding the detection of COHb in blood or cavitary
fluids of bodies in an advanced stage of decomposition because they can contain low total
hemoglobin levels, or a significant number of oily droplets, methaemoglobin (MetHb),
and sulphaemoglobin (SHb) [29], all conditions which make COHb measurement unclear
without a standardized process.

Post-mortem changes, such as thermocoagulation and putrefaction, are well known to
be sources of error.

For example, Kojima et al. suggested that there is a post-mortem formation of CO in
putrefied bodies due to the decomposition of Hb, myoglobin, and other proteins [13], and
they also found that body cavity fluids should not be used for CO determination because
levels may rise even in non-CO-related deaths [30].

Samples storage may also influence the CO and COHb levels, as experienced by Chace
et al., where a blood sample has been left at ambient temperature for 45 h, and the COHb%
decreased from 80% to 50% [31].

In the last forty years, toxicologists have tried a lot of different methods, such as
UV-spectrophotometry, CO-oximeter, and gas chromatography (GC) on different samples
(blood, body cavity fluids, and liver/spleen tissues).

Chau-Wing Lee et al. proposed a sample pre-treatment to make COHb levels suitable
using CO-oximetry even in dead people [32].

Hao et al. made an interesting trial comparing the Head-Space Gas Chromatography–
Mass Spectrometry (HS-GC/MS) with the UV method on different samples and different
storage situations. They concluded that both time and temperature affect the determination
of CO, with 4 ◦C being the most suitable temperature and HS-GC/MS being the most
reliable method for COHb levels. Indeed, when the specimens were stored at room temper-
ature, the COHb levels were reduced by about half: the original 70% COHb levels fell to
45.1%, making the UV method not fully clear, primarily in decomposed blood samples [32].

Although UV-spectrophotometry remains the most frequently used method in forensic
cases, CO-oximetry and GC methods are also widely employed in this field [33].

All these methods have their own weaknesses [32], and toxicologists are trying to find
new biomarkers and processes for CO and COHb levels on different samples [34].

From the literature’s analysis, there is no standardized method capable of ensuring,
especially in putrefied cadavers, where the variables increase, a result free from considera-
tions and uncertainties, ranging from the type of sample to its collection and preservation,
and finally to its analysis. Moreover, the scientific literature reports only a few cases of
putrefied cadavers with corresponding analyses of biological samples.

In the case shown, there were two bodies, both died at the same time—as demonstrated
by the entomological analysis—and found in the same room. Blood was available only
from the male body, which was less affected by the putrefactive processes and had worse
cardiac comorbidity. The COHb% analysis, performed by UV spectrophotometry, revealed
a value of 29.98%.

The review of the literature about putrefied body CO intoxication showed just three
cases where the COHb% levels were available [35].
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A. Sartori et al. report a twenty-year case series of CO poisoning from the Institute
of Verona, in which only 3 out of the 24 examined cases were in a state of putrefaction.
In these decomposed bodies, the analyses, made on blood samples was carried out with
UV-Spectrophotometry through the Sakata method [36], revealed COHb levels of 25% and
32% in individuals with severe cardiac comorbidities (accident death) and a single case
with COHb levels exceeding 50% (69%) in a putrefied subject who had died by suicide
through exposure to a car exhaust gases. Further studies should be conducted to evaluate
whether the spleen [37,38], even in an advanced stage of decomposition, may constitute a
valuable biological material when GC-O-FID is applied.

The scarcity of reported cases makes the findings presented in this study even more
interesting. First, it confirms that when blood is available, even in bodies in an advanced
stage of decomposition, it can be considered sufficiently reliable for determining COHb
levels and can serve as a basis for establishing the cause of death. This is particularly
relevant in individuals with cardiovascular comorbidities, such as the cadaver in question,
who suffered from three-vessel coronary artery disease with a metallic stent.

Moreover, we should ask why so few cases of carbon monoxide intoxication in putre-
fied bodies in the advanced stage of decomposition are reported in scientific literature. It is
possible that when a single decomposed body is found, the carbon monoxide poisoning is
not considered by forensic pathologists, and COHb analysis is not requested. Instead, the
cause of death may be attributed to underlying cardiac pathology, particularly when the
decedent is old.

4. Conclusions
Carbon monoxide intoxication, even if well-known and discussed in the scientific

literature, remains a challenge for toxicologists and forensic pathologists, particularly when
bodies are found in an advanced stage of decomposition. In such cases, post-mortem
changes not only affect the autopsy findings but also compromise the biological samples
used for toxicological analyses. Furthermore, the absence of a standardized and widely
accepted method prevents the validation of a procedure that could establish the cause of
death even when COHb levels do not exceed 50%.

For this reason, in the future, it is essential to advance forensic and toxicological re-
search to identify the most appropriate specimens to collect during autopsy for subsequent
analyses. Nonetheless, the integration of data from the medico-legal scene investigation
with law enforcement inquiries remains essential to avoid attributing an incorrect cause of
death in cases involving single decomposed bodies.
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