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The role of intestinal bacterial heat production
in confounding postmortem temperature measurements
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Summary. To assess the influence of anaerobic bacterial heat production in
human stools as a confounding factor in postmortem rectal temperature
measurements, in vitro experiments were carried out with human stools in-
cubated at 37°C for 6h and at decreasing temperatures simulating a post-
mortem body cooling. Although a statistical significant heat production was
observed, it was not relevant enough to explain a postmortem temperature
plateau or a substantial rise in the postmortem body temperature. The ex-
periments suggest that stools merely reflect the environmental thermal
changes rather than producing bias and confounding by a bacterial heat pro-
duction.
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Zusammenfassung. Proben menschlicher Faeces wurden anaérob fiir 6 h bei
37°C und bei abnehmenden Temperaturen in vitro untersucht, um festzu-
stellen, ob eine etwaige postmortale Warmeproduktion in den Exkrementen
cinen EinfluB haben kann bei postmortalen rektalen Temperaturmessun-
gen. Obwohl eine signifikante Warmeproduktion beobachtet wurde, reicht
sie nicht aus, um ein postmortales Temperaturplateau oder eine Zunahme
der Korpertemperatur zu erkldren. Die Experimente zeigen, daf die Faeces-
proben vielmehr die durch Umgebungsfaktoren bestimmte Temperaturéin-
derungen widerspiegeln, als dal} sie aufgrund ihrer bakteriellen Warmepro-
duktion zu Irrtiimern und Fehlern bei der postmortalen Temperaturmessung
fithren.

Schliisselworter: Korpertemperatur — postmortale Wiarmeproduktion in Ex-
krementen — Todeszeitbestimmung, Temperaturmessung

Offprint requests to: P. Hooft



332 P.Hooft and H. van de Voorde
Introduction

Since the development of scientific forensic medicine, investigators have
studied the postmortem changes in the human body, first to discern death from
apparent death, and later on to assess the biochemical, physical, and physiologic
mechanisms that underlie these changes. One of the major fields of ongoing
study in this area is the postmortem body cooling (Madea and Henf3ge 1985).
A century ago, Seydeler (1869) and Rainy (1869), amongst others, already ob-
served an initial temperature plateau and even a postmortem rise in body tem-
perature. These phenomena again attracted attention in the past decades, and
suggestions were made as to the corrections needed in estimating the time of
death from temperature measurements (Marshall and Hoare 1962; Marshall
1962a, b, 1969; Reimann 1968; Brown and Marshall 1974; Brown et al. 1985;
HenBge 1979, 1981). This has led to complex mathematical formulas, neverthe-
less still based on several assumptions (James and Knight 1965; Simonsen et al.
1977; HenBge 1981; Brown et al. 1985; Nokes et al. 1985). Despite this ample
attention to the postmortem temperature plateau, less is known as to the exact
mechanisms that underlie this phenomenon and the temperature rise sometimes
observed.

A recovery of the body tissues from a local cooling after the insertion of a
thermometer, or from environmental changes during transportation to the mor-
gue, has been put forward as a possible cause of bias (Marshall and Hoare 1962;
Marshall 1962a,b; Henflige 1981). Although the heat capacity of the mercury
reservoir of a traditional thermometer might indeed have an influence on the
tissues deprived from circulation, the temperature plateau has also been ob-
served for durations exceeding this effect (Marshall and Hoare 1962), and in ex-
periments where small electrodes were used (Henfge et al. 1984). These obser-
vations make a simple bias due to a thermal effect of a thermometer bulb un-
likely. Recovery from environmental changes, on the other hand, is possible
and was demonstrated already by Marshall and Hoare (1962), but is difficult to
quantify because of the difficulties to control pre-experimental variables and to
reduce the lag between death and measurements. The postmortem temperature
plateau further shows interaction with factors, such as body weight, natural and
artificial insulation, premortem body temperature, and the cause of death
(Simonsen et al. 1977; Nokes et al. 1985). It has also been suggested that ongo-
ing metabolism and intestinal bacterial heat production might influence the ini-
tial postmortem body cooling (Lyle and Cleveland 1956; Shapiro 1965; Nokes
et al. 1985; Hutchins 1985). On theoretical grounds, both hypotheses are worth
considering, as there is no reason why biochemical or microbiological reactions
should cease at the very moment of death.

As time of death in routine forensic casework normally is estimated from rec-
tal temperature measurements, next to other signs, the eventual role of intesti-
nal bacterial heat production as confounder might be important since its influ-
ence could be ruled out by using sterile measurement sites. The consequence
(to change an easy-to-access body cavity for less practical measurement sites)
that would result if this confounding were real, stresses the importance of such
an evaluation even more. This article discusses the results of in vitro experi-
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ments on human stools to assess the eventual additional influence of postmor-
tem bacterial heat production in postmortem temperature measurements and
its possible role as a confounder in estimating the time of death.

Materials and methods

A total of 15 samples of fresh human stools (mean weight 83 * 15 g) were collected from the
same individual in prewarmed (37°C) 600-ml glass containers with plastic top and were im-
mediatly covered with paraffin oil of the same temperature (Merck). A prewarmed (37°C)
stainless steel thermocouple needle (DGT Viking 10*¥1 mm) was brought into the core of the
stools and they were brougt back at 37°C in a waterbath. Plastic tape pressure valves were in-
stalled in the top of the containers to ensure them from exploding in case of gas production.
After drying the outer surface of the containers mechanically, they were transferred to a hot-
air incubator set at 37°C, and were given 30 min to adapt to this new environment before tem-
perature readings were started. Ten of the samples remained at 37°C for 6 h. The other five
were treated by simulating a postmortem body cooling: they stayed at 37°C for only 1h, were
then transferred to an incubator set at 30°C for another 5h, and were finally left at room tem-
perature for 3h. During the whole experiment all containers were kept closed and the stools’
core temperature was measured by a wired remote reading. In the first experiment, tempera-
ture measurements took place every 30 min during the first 3h and every hour afterward. In
the second experiment, measurements were made at 30-min intervals during the whole experi-
ment. At that time, the environmental temperature was recorded, too, using top-inserted
mercury thermometers for the incubators and electrical thermometry for room temperature
(scale 1°C). The gas production was evaluated visually by the appearance of gas bubbles on
the interline between feces and paraffin and within the paraffin.

Results

In the experiment with constant 37°C incubation temperature, all but two sam-
ples showed a rise in temperature, and all samples showed a gas production.
The mean temperature difference after 6h of incubation was +0.30°C (SD
0.39°C) (¢ =2.433; P <0.05). The temperature evolution in the stools’ core was
best estimated mathematically by an exponential regression with formula Y =
0.31%e"51" 1 36,6 (r2=0.949) (Fig.1). The temperature changes between
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two measurements and the residuals of the regression followed a remarkable
undular pattern (Fig. 2), which in a more accurate monitoring of the incubator’s
temperature fluctuation (scale 0.1°C) later on showed to be similar to the effect
of the incubator’s built-in thermoregulator switching on and off.

In the experiment with decreasing incubation temperatures, all five samples
showed gas production, but no significant heat production was recorded. After
removing the samples from 37°C to 30°C, the stools’ temperature dropped fast
to reach the environmental temperature after 60-90 min. During the last 3.5h
of incubation at 30°C, however, a mean temperature rise of +0.12°C was ob-
served (SD 0.30°C) (¢ =0.894; n.s.). Temperature changes between two mea-
surements were negative during the first 60-90 min and were flat to slightly un-
dular afterward. An undular pattern of the mean differences, as observed in the
first experiment, was not seen. After removing the samples to room tempera-
ture (ranging from 17° to 23°C), the core temperature again dropped fast to
reach room temperature in less than 1h. During the next 2 h no further tempera-
ture changes were observed in any of the samples.

Discussion

Both experiments described above show that there is indeed a capacity for heat
production in human stools, resulting in a mean temperature increase of 0.3°C
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when they are incubated at 37°C for 6h. In the experimental set-up used, this
must be the result of an anaerobic fermentation. On mathematical expression,
this heat production shows not to be linear but to have some saturation point
whereafter the heat gain becomes zero. Although the temperature increase ob-
served in the first experiment is statistically significant, it is not relevant enough
to confound an estimation of the time of death from rectal temperature mea-
surements. Even if one were so unlucky to measure the body temperature in a
rectum filled with stools, it would be improbable that these were kept under
standard conditions for 6 h at an environmental temperature of 37°C. Whatever
cooling formula further is used, the observed 0.3°C rise in temperature over 6 h
could not compensate the heat loss in the dead body, which has been estimated
to be 35=70kcal/h for a 70-kg body (Lundquist 1956).

Secondly, the experiment with decreasing incubation temperatures shows
that the bacterial heat production in human stools depends on the environmen-
tal temperature, and it decreases when this temperature is lowered, to become
negligible below 30°C. In addition, human stools in vitro showed to adapt very
quickly to minor changes in the environmental temperature too, as could be
seen from the undular pattern superimposed on the temperature curve by the
effect of the incubator’s built-in thermoregulator.

All these observations suggest that stools do-not have a great heat buffer
capacity, and merely reflect the impact of the thermal environmental changes,
rather than producing bias or confounding in the estimation of the time of death
from rectal temperature measurements by their bacterial heat production.

References

Brown A, Marshall T (1974) Body temperature as a means of estimating the time of death. J
Forensic Sci 4:125-132

Brown A, Hicks B, Knight B, Nokes L (1985) Determination of time since death using the
double exponential cooling model. Med Sci Law 25:223-227

HenBge C (1979) Die Priizision von Todeszeitschitzungen durch die mathematische Beschrei-
bung der rektalen Leichenabkithlung. Z Rechtsmed 83:49-67

HenBge C (1981) Todeszeitschitzungen durch die mathematische Beschreibung der rektalen
Leichenabkiihlung unter verschiedenen Abkithlungsbedingungen. Z Rechtsmed 87:147-
178

HenRge C, Beckmann E, Wischhusen F, Brinkmann B (1984) Todeszeitbestimmung durch
Messung der zentralen Hirntemperatur. Z Rechtsmed 93:1-22

Hutchins G (1985) Body temperature is elevated in the early postmortem period. Hum Pathol
16:560-561

James W, Knight B (1965) Errors in estimating time since death. Med Sci Law 5:111-116

Lundquist F (1956) Physical and chemical methods for the estimation of the time of death.
Acta Med Leg Soc (Ligge) 9:205-213

Lyle H, Cleveland F (1956) Determination of the time of death by body heat loss. J Forensic
Sci1:11-23

Madea B, HenBge C (1985) Historisches zur Todeszeitbestimmung. Z Rechtsmed 95:19-25

Marshall T (1962a) Estimating the time of death. The use of the cooling formula in the study
of postmortem body cooling. J Forensic Sci 7:189-210

Marshall T (1962b) Estimating the time of death. The use of body temperature in estimating
the time of death. J Forensic Sci 7:211-221



336 P.Hooft and H. van de Voorde

Marshall T (1969) The use of body temperature in estimating the time of death and its limita-
tions. Med Sci Law 9:178~182

Marshall T, Hoare F (1962) Estimating the time of death. The rectal cooling after death and
its mathematical expression. J Forensic Sci 7: 5681

Nokes L, Hicks B, Knight B (1985) The postmortem temperature plateau: Fact or fiction?
Med Sci Law 25:263-264

Rainy H (1869) On the cooling of dead bodies as indicating the length of time that has elapsed
since death. Glasgow Med J 1:323-330

Reimann W (1968) Uber den Auskithimodus der Leiche. Beitr Gerichtl Med 24:57-62

Seydeler R (1869) Nekrothermometrie. Prag. Vierteljahresschr 104:137-148

Shapiro H (1965) The postmortem temperature plateau. J Forensic Sci 12:137-141

Simonsen J, Voigt J, Jeppesen N (1977) Determination of the time of death by continuous
postmortem temperature measurements. Med Sci Law 17:112-122

Received November 7, 1988



