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Results

Specificities of the designed primers

To confirm the specificity of the designed primers, DNA extracted from freshwater and
seawater sources, along with DNA from oral mucosa and peripheral blood of a healthy volunteer,
as controls, were amplified using the multiplex PCR system. Only Aeromonas hydrophila
and Microcystis aeruginosa, used as indicators of freshwater locations, were detected in DNA
extracted from freshwater; no other bacteria of the upper respiratory tract and seawater
locations were seen. Similarly, only Vibrio harveyi, as an indicator of seawater locations, was
detected in DNA extracted from seawater, and only Streptococcus salivarius and Streptococcus
sanguinis in the upper respiratory tract were detected in the DNA extracted from oral mucosa.
In DNA extracted from blood, no bacterium was detected. From these results, the specificity of
each primer was confirmed (Fig. 2).
Detection of bacteria in the water where drowning occurred

The water in 47 cases of drowning, autopsied in our laboratory, were examined using this
method, and in 41 cases (87.2%) either Aeromonas hydrophila or Microcystis aeruginosa, or
both, were detected. This water included canals, ponds, rivers, paddy fields, and dams. From
these results it was clear that the designed primers can be used for various kinds of water (Fig.
3).
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Fig. 2. Specificities of primers
Lane 1; freshwater 1, Lane 2 ; freshwater 2,

Lane 3 ; seawater 1, Lane 4 ; seawater 2, Fig. 3. Detection of the indicator bacteria in drowning
Lane 5 ; oral mucosa 1, Lane 6 ; oral mucosa 2, waters

Lane 7 ; peripheral blood 1, Lane 1 ; irrigation canal, Lane 2 ; pond, Lane 3 ; river,
Lane 8 ; peripheral blood 2, Lane 4 ; paddy field, Lane 5; dam, Lane 6 ; standard,
Lane 9 ; standard, Lane 10 ; negative control Lane 7 ; negative control

Detection of bacteria in the tissues of a body drowned in water where only Aeromonas
hydrophila was detected
DNA from lung, liver, kidney, respiratory tract, cardiac blood, and pleural effusion of the



NEW METHOD FOR DIAGNOSIS OF DROWNING (81)

body drowned in water with only Aeromonas hydrophila detectable was examined using this
multiplex PCR method. As shown in Fig. 4., Aeromonas hydrophila (indicator of freshwater
area) and Streptococcus salivarius (indicator of drowning aspiration) were detected from the
lungs and pleural effusion. Only Aeromonas hydrophila was detected, weakly, from kidney
and cardiac blood, and strongly from pleural effusion. Aeromonas hydrophila, Streptococcus
salivarius, and Streptococcus sanguinis (indicator of drowning aspiration) were detected from
the respiratory tract. No bacterium was detected from the liver. Vibrio harveyi was not
detected from any tissue.
Detection of bacteria in the tissues of a body drowned in water with both Aeromonas and
Microcystis

DNA from the tissues of a body drowned in water with both Aeromonas hydrophila and
Microcystis aeruginosa was examined. As shown in Fig. 5., both Aeromonas hydrophila and
Microcystis aeruginosa were detected from the lungs and pleural effusion, and only Aeromonas
hydrophila was detected from liver and cardiac blood. Aeromonas hydrophila, Microcystis
aeruginosa, Streptococcus salivarius, and Streptococcus sanguinis were detected from the
respiratory tract. Only Streptococcus salivarius was detected from lung, cardiac blood and
pleural effusion. No bacterium was detected from the kidney. Vibrio harveyi was not detected
from any tissue.

> Vibrio harveyi = Vibrio harveyi

=3 Streptococcus sanguinis = Streptococcus sanguinis

> Aeromonas hydrophila —> Aeromonas hydrophila

—> Microcystis aeruginosa —>> Microcystis aeruginosa

—> Streptococcus salivarius —> Streptococcus salivarius

Fig. 4. Detection of bacteria in the tissues from drowned Fig. 5. Detection of bacteria in the tissues from drowned
body in freshwater. In case 10, Aeromonas hydrophila body in freshwater.

was detected. In case 8, Microcystis aeruginosa and Aeromonas hydrophila
Lane 1; lung, Lane 2 liver, Lane 3 ; kidney, were detected.

Lane 4 ; cardiac blood, Lane 5 ; pleural effusion, Lane 1; lung, Lane 2 liver, Lane 3 ; kidney,

Lane 6 ; respiratory tract, Lane 7 ; water sample, Lane 4 ; cardiac blood, Lane 5 ; pleural effusion,

Lane 8 ; standard, Lane 9 ; negative control Lane 6 ; respiratory tract, Lane 7 ; water sample,

Lane 8 ; standard, Lane 9 ; negative control

Detection of bacteria in the tissues of a case drowned in bath water
DNA from the tissues of a body drowned in bath water was examined. As shown in Fig. 6.,
both Streptococcus salivarius and Streptococcus sanguinis were detected from lung, kidney,
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pleural effusion, and respiratory tract. From cardiac blood, only Streptococcus salivarius was
detected. Neither was detected from the liver. In bath water, no bacteria specific to freshwater
or seawater exist. Therefore, the primers for upper respiratory tract bacteria are useful for the
diagnosis of drowning.

Fig. 6. Detection of bacteria in the tissues from
drowned body in bathtub.

In case 3, Streptococcus salivarius and Streptococcus
sanguinis were detected.

Lane 1 lung, Lane 2 liver, Lane 3 kidney,

Lane 4 ; right cardiac blood,

Lane 5 ; left pleural effusion,

> Vibrio harveyi Lane 6 ; right pleural effusion,

3 Streptococeus sanguinis  L:@N€ 7 ; respiratory tract, Lane 8 ; standard,

Lane 9 ; negative control

—> Aeromonas hydrophila

> Microcystis aeruginosa
—>> Streptococcus salivarius

Evaluation of the multiplex PCR system for application in diagnosis of drowning

In Table 3., the rate of detection of indicator bacteria in the tissues of 41 cases of bodies
drowned in water in which freshwater bacteria were detected is presented. The indicator of
freshwater could be detected in 80% of cases for plural effusion and 89% of cases for lung,
though for other tissues it was around 50%. The indicators of drowning, Streptococcus, could
be detected at higher rate in 71% of cases for cardiac blood and 91% of cases for plural effusion.
The results showed that this method may be useful to diagnose the location of death, even if not
exactly. In Table 4., the precise data of 10 representative cases (out of the 41) are listed.

Table 3. Detection rate of bacteria in 41 cases of drowning examined in our laboratory

A+M L+N A+M+L+N acid digestion method
Lung 89% 90% 100% 71%
Liver 4 40 53 23
Kidney 56 50 61 19
Cardiac blood 52 71 74 -
Pleural effusion 80 91 100 -
Respiratory tract 86 100 100 -

A+M : Detected Aeromonas hydrophila or Microcystis aeruginosa or both of them

L+N : Detected Streptococcus salivarius or Streptococcus sanguinis or both of them

A+M+L+N : Detected Aeromonas hydrophila or Microcystis aeruginosa or Streptococcus salivarius or Streptococcus
sanguinis or some of them
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