
Abstract: This research studied the bacterial and fungal microbial ecologies on dichlorvos-treated 

carrions and their effects on post-mortem microbial clock for post-mortem interval (PMI) 

estimation during death investigations. Carrion-soil, skin, oral and rectal samples were aseptically 

collected, cultured and microbes isolated from both dichlorvos-treated and control pig (Sus scrofa, 

Linnaeus) carrions at the fresh, early and advanced stages of decomposition. The microbes were 

morphologically identified using microscopy and biochemical characteristics of catalase, oxidase, 

indole and citrate utilization. A total of seven bacterial species (Bacillus sp., Escherichia coli, 

Pseudomonas sp., Staphylococcus sp., Enterobacter sp., Clostridium sp. and Enterococcus sp.) and 

two fungal species (Aspergillus sp. and Fusarium sp.) were isolated and identified from both 

carrion groups. Lesser microbial community abundance of 26 (46.43%) was recorded from the 

dichlorvos-treated carrions when compared with the control carrions with higher abundance of 30 

(53.57 %). Bacillus sp. and Aspergillus sp. were the dominant bacteria and fungi from the 

dichlorvos-treated and control carrions respectively. Also, there was more microbial fauna 

abundance from the carrion soil samples of both carrion groups. The study provided good 

comparative information between the microbiome identities and successions on dichlorvos-

treated and control carrions that can aid the resolution of medico-legal cases.
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the decaying body (Javan  2016). The et al.,

combined interplay of microbial degradation and 

insect activities constitute the bedrock upon 

which the decomposition of carrions or dead 

remains is driven (Gunn and Pitt, 2012; Hyde et 

INTRODUCTION
Post-mortem microbiome (PMM), a term also 

indicatively referred to as necrobiome, 

epinecrobiome or thanatomicrobiome are 

communities of microorganisms associated with 
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al., et al., et al., 2013; Metcalf  2013; Pechal  2013). 

Decomposition is an enzymatic biochemical 

process which leads to the breakdown of dead 

body as a result of microbial, invertebrates and 

vertebrates' invasions of the dead body (Janaway, 

2009; Pechal  2014). The decomposition of et al.,

corpse after the death is facilitated by 

microorganisms (bacteria, fungi, protozoa), 

insects or animal scavengers and non-biological 

factors linked to the environment such as 

temperature, humidity, precipitation, oxygen, 

soil types, weather and climate (Guo  2016; et al.,

Habtom  2019). Carrion decomposition et al.,

occurs in stages which include the fresh, bloat, 

active decay, advanced decay and dry 

decomposition (Catts and Goff, 1992; Anderson 

and Van Vanlaerhoven, 1996). The fresh stage is 

associated with the release and breakdown of 

simple to macromolecules due to microbial 

activities. The early and advanced decay release 

various gaseous compounds, which cause the 

bloating and consequent rupture of the dead body 

and subsequent skeletonisation (Mondor  et al.,

2012; Metcalf , 2013; Hyde  2013). et al. et al.,

Like insects and other arthropods, microbial 

succession on carrion shows a pattern that is 

predictable (Hauther  2015; Javan  et al., et al.,

2016; DeBruyn and Hauther, 2017; Deel  et al.,

2020; Lutz  2020; Scott  2020). The et al., et al.,

postmortem microbiome community associated 

with the decomposition of carrions is made up of 

the thanatomicrobiome and the epinecrotic 

microbial community. The thanatomicrobiomes 

are prokaryotic and eukaryotic microorganisms 

found in the internal body tissues and organs 

such as blood, liver, lungs, brain and heart. The 

overall epinecrotic community include the 

microorganisms that are found on carrion 

surfaces such as skin and gut orifices (Audrey et 

al., 2022). The complex microbial communities 

associated with decaying bodies such as the 

proteobacteria, firmicutes, bacteroidetes, 

actinobacteria and different fungal species have 

been utilized as biological clock and fingerprints 

for estimating the post-mortem interval (PMI) 

during forensic investigations (Gunn and Pitt, 

2012; Finley ., 2015; Pechal  2014; et al et al.,

Burcham  2016; Guo ., 2016; Metcalf et al., et al et 

al., et al., et al., 2016; Javan  2017; Metcalf  2017; 

Liu  2020; Huan  2021; Hafz  et al., et al., et al.,

2021). It is also useful in the determination of 

causes and manner of death, identification of 

individuals, detection of crime locations, 

trafficking, corpse relocation (Clarke  2017; et al.,

Huiya  2023), drowning (Racz  2016; et al., et al.,

Lee  2017; Wang  2020) and poisoning et al., et al.,

(Butzbach, 2010; Han  2012; Butzbach  et al., et al.,

2013; Sastre  2017). et al.,

The microbial community succession on carrion 

differs in accordance with the stage of 

decomposition, body collection site and 

sampling location. Bacterial and fungal 

communities possess an extremely geographical 

and site-specific profile (Kong and Segre, 2012; 

Grantham  2015; Hyde  2015; Deel et al., et al., et 

al., et al., 2020; Yang  2021). Also, the microbial 

species and diversity found on decomposing 

body is grossly influenced by the prevailing 

weather and environmental conditions such as 

temperature, humidity, precipitation, soil type, 

diseases, nutritional factors and chemical toxins 

(Costello  2009; Turnabaugh  2009  et al., et al., ;

Knight  2017; Lax  2015) and this over et al., et al.,

time causes an alteration in the community 

composition of the microbiome (Can  2014; et al.,

Javan  2016).et al.,

The presence of chemical toxins has a gross effect 

on the species composition, diversity and 

community abundance of microbiomes on a 

decomposing body. Some microbial species such 

as Bacillus cereus, Staphylococcus epidermidis, 

Clostridium perfringens Bacteroides fragilis and  

are known to be responsible for bioconversion of 

some drugs, and so pre-mortem drug intake and 

chemical use can affect the postmortem 

microbial activity with a consequent alteration of 

information necessary for the interpretation of 

the cause and manner of death (Drummer, 2004; 

Butzbach, 2010; Skopp, 2010; Butzbach  et al.,

2013; Gunn and Pitt, 2012; Castle 2017; et al., 

Sastre  2017).  et al.,

In Nigeria and other parts of the world, the illicit 

use of dichlorvos, some drugs and other 

chemicals have been implicated in many suicidal 

deaths. The World Health Organization (WHO) 

has implicated the use of dichlorvos and other 
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pesticides as leading cause of suicide worldwide 

(Kora et  2011; Martin  2020). Dichlorvos al., et al.,

or DDVP (2, 2-dimethyl dichlorovinyl phosphate) 

is an organophosphate insecticide used to control 

insects (USEPA, 2007). Dichlorvos poisoning 

usually occurs through ingestion, inhalation or 

penetration through the skin (Owoeye  et al.,

2012; Razwiedani and Rautenbach, 2017). 

Dichlorvos poisoning poses a lot of negative 

systemic and health effects and on severe cases 

could lead to death (Michael  2008).et al.,

The present work was aimed to study the 

bacterial and fungal microbial ecologies on 

dichlorvos-treated carrions and their effects on 

postmortem microbial clock for post-mortem 

interval estimation during death investigations.

MATERIALS AND METHODS

Study area
The study was conducted in Uburu, Ohaozara 

Local Government Area in southern region of 

Ebonyi State, Nigeria (fig. 1). Uburu is bounded 

by Mpu, Nkerefi, Oduma and Okpanku 

communities in Enugu State and Isu, Okposi, and 

Onicha communities in Ebonyi State. Uburu is 

the administrative headquarters of Ohaozara 

Local Government Area with an area of 312 km . It 
2

lies within the coordinates 6˚ 2' 48'' N and 7˚45' 

18'' E with an altitude of 50m/164.04 ft. The 

climatic condition of Uburu is that of a humid 

tropical climate marked with two distinct 

seasonal periods i.e. the dry and wet seasons. The 

wet season begins in March and ends in October 

with annual rainfall ranges between 270mm to 

2250mm, while the dry season begins in 

November and ends in February. The temperature 

condition of Uburu ranges from 25 C to 33 C in 
0 0

the dry season and 23 C to 27 C in the wet season 0 0

(Makwe and Okobia, 2020). Uburu is a salt 

mining town inhabited by mostly civil servants, 

traders, artisans and farmers. The study site is an 

open farmland made up of trees such as African 

oil bean tree ( ), mango Pentaclethra macrophylla

( ), oil palm ( ), Mangifera indica Elaeis guineensis

shrubs and grasses.

Fig. 1: Map of the study area.
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Ethics approval
All the Ethics and Regulations guiding the use of 

research animals as approved by the Ethical 

Board, Enugu State Ministry of Health with the 

Number: MH/MSD/REC23/0016 dated 17th May, 

2023 was obtained and duly followed (S1).

Experimental animals and handling
Pigs (  Linnaeus) were used as the Sus scrofa

animal model for the study Catts and Goff, 1992;  (

Anderson  2001; Dickson  2011). Four et al., et al.,

(4) domestic pigs: two dichlorvos-treated and two 

control pigs weighing between 25 kg and 27 kg 

were purchased from piggery farm in Uburu in 

Ohaozara LGA Ebonyi State and used for the 

study. The control pigs were sacrificed by 

asphyxia and the dichlorvos-treated pigs by 

gastric tube oral injection of lethal dose of 

dichlorvos in accordance with the methods of  

Abd El-Bar  (2016) and Fatma  (2022). et al. et al.

The pigs, immediately after death, were bagged 

and transported to the study sites and placed at 

different locations within the study area set at 120 

m apart to minimize an overlapping effect of 

organisms attracted to the carrions as 

demonstrated by Tullis and Goff (1987). The pig 

carrions were secured with a wire mesh cage 

(60cm x 45cm x 30cm) which prevented 

vertebrate scavengers.

Ecological data collection
Internal temperature of the carrion, maggot mass 

temperature, carrion-soil interface temperature, 

soil temperature and soil pH were taken with 

temperature and pH digital probe (CE-ABS: 

China). Ambient temperature, relative humidity 

and precipitation data were recorded daily 

throughout the study from the nearest weather 

station in Ake Eze, Ivo Local Government Area, 

Ebonyi State.

Microbial sample collection
Microbial samples were aseptically collected 

with sterile cotton-tipped swabs at three points 

over the decomposition process and placed 

directly in individual sterile swab container to 

avoid cross contamination by microbes from 

other sources as described by Metcalf (2019). 

Microbial samples for each carcass were 

collected from three different body regions: the 

oral cavity (internal region), the skin (superior 

side exposed to the environment), and the soil-

carrion interface at the fresh decay stage (day 1), 

early decay stage (day 5) and advanced decay 

stages (day 10) according to the methods of 

Audrey . (2022). Soil samples were collected et al

from under the carcasses at three different 

regions- the head, abdomen and anal regions at a 

depth of 0-3cm for microbial sampling after 

placement. Samples collected were stored at -

20 C until subsequent analysis of the microbial 
0

post-mortem communities was done as stated by 

Cobaugh  (2015). Soil sampling was et al.

conducted for the fresh, early decay and 

advanced decay stages of the decomposition 

proces.

Microbial isolation and identification of 

bacteria
The isolation of microbes was done aseptically by 

standard pour plate technique in accordance 

with work of  The swabs were Uzeh et al. (2009).

immersed in 10ml phosphate buffer saline (PBS) 

and vortexed for 2 minutes to extract the 

microbes. With a sterile pipette, tenfold, three 

serial dilutions were made by adding 1ml of the 

extracted solution into 9ml sterile water and 

vortexed. This was done for the swab samples and 

for the soil samples, a soil suspension was made 

by diluting 1gram of soil sample with 50ml sterile 

water in a sterile bottle and vortexed to release the 

microbes. With a sterile pipette, tenfold, three 

serial dilutions were made by adding 1ml of the 

soil solution into 9ml sterile water and vortexed 

for culture.  Gram stain was performed for all 

isolated colonies according to the standard 

procedure by Kohinur et al. (2017) and 

Emmanuel et al. (2017) and observed under the 

microscope using x10  (Olympus Cx23: China) 

and x40 objectives and the bacteria were 

identified according to Bergey Manual of 

Systematic Bacteriology (Garrity et al., 2004). 

Other different biochemical tests for individual 

identification were done using biochemical 

characteristics of catalase, oxidase, indole and 

citrate utilization.

Microbial Isolation and Identification of fungi
Isolation of fungi was done by standard pour 

plate technique as reported in Uzeh et al. (2009). 

The swab sticks were immersed in 10ml 
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phosphate buffer saline (PBS) and vortexed for 2 

minutes to extract the microbes. Three (3) tenfold 

serial dilution were made by adding 1ml of the 

extracted solution into 9ml sterile water and 

vortexed. For the soil, a soil suspension was made 

by diluting 1gram of soil sample with 50ml sterile 

water in a sterile bottle and vortexed to release 

microbes. Tenfold serial dilution was made by 

adding 1ml of the soil solution into 9ml sterile 

water and vortexed. 1ml of each sample from the 

swab and soil suspension was transferred into the 

center of well labeled petri plates respectively. 
oCooled (45 c), molten Saboroud Dextrose Agar 

(SDA) medium was poured into the petri dishes. 

The plates were rotated gently to ensure uniform 

distribution of cells in the medium. The medium 

was allowed to solidify and the plates incubated 
o

at 37 c and observed daily for a period of 4 days. 

Two drops of Lactopherol Cotton blue were 

placed on a clean glass slide and a small tuft of 

fungus with spore bearing structures were 

transferred unto the lactopherol cotton blue on 

the slide using a flamed, cooled needle. The stain 

and the mold structures were gently mixed using 

the straight wire. A cover glass was placed over 

the preparation and observed under the 

microscope using x40 objective and the fungi 

were identified as demonstrated by Garrity et al. 

(2004) and Cheesbrough (2005). 

Statistical analysis
Data obtained from this study were analysed 

using IBM SPSS Statistics 26 and Microsoft Excel 

2016 softwares and presented as relative 

abundances and percentages (%). The microbial 

counts were presented as mean and standard 

deviation. The mean total abundance of microbes 

isolated and identified from the control and 

dichlorvos-treated carrions were compared using 

the T Test. All the statistical analyses were 

performed at p < 0.05 level of significance.

RESULTS

Records of ecological parameters
The mean daily ecological conditions during the 

study include maximum temperature of ± 29.83

0.30 °C; minimum temperature of ± 0.12°C;  24.15

relative humidity of  ± 0.82%; precipitation 93.38

of  ± 5.8 mm/day and soil pH 7.20 ± 0.06 and 8.95

8.17 ± 0.03 for dichlorvos-treated and control 

carrions soils (soil-carrion interphases). The total 

carrion decomposition period lasted 50 days for 

the dichlorvos-treated carrions and 65 days for 

the control carrions.

Microbial growth and colony count
There were bacterial growths for the dichlorvos-
treated carrions at the fresh, early and advanced 
decay stages of decomposition for the soil sample; 
the skin sample showed microbial growth at the 
fresh and early decomposition stages but no 
growth at the advanced stage. The oral sample 
manifested microbial growth only at the fresh 
decay stage but no growth at the early and 
advanced decomposition stages. Microbial 
growth was seen at fresh and early decomposition 
stages for the rectal sample while there was no 
available sample for collection at the advanced 
stage due to total rectal decomposition (table 4). 
For the control carrions there were bacteria 
growth for the fresh, early and advanced decay 
stages of decomposition for the soil and skin 
samples; the oral sample showed microbial 
growth at the fresh and early decomposition 
stages but no growth at the advanced stage while 
the oral sample showed microbial growth at the 
fresh decay stage only but no growth at the early 
and advanced decomposition stages due to total 
rectal decomposition (table 5). There were fungal 
growth for all the samples collected at the three 
different decomposition stages on the dichlorvos-
treated and control carrions (tables 4 and 5).

The mean bacterial and fungal colonies counts 

for the soil, skin, oral and rectal samples for both 

the dichlorvos–treated and control carrions show 

no significant difference (p < 0.05).  The soil and 

rectal samples from the dichlorvos–treated 

carrions had the highest and lowest mean 
-1

bacteria count of 103176.67 Cfuml  and 4100 
-1Cfuml  respectively. While the skin and rectal 

samples from the control carrions had the highest 

and lowest mean bacteria count of 55433.33 
-1 -1Cfuml and 5100 Cfuml  respectively (table 1). 

On the other hands, the soil and rectal samples 

from the dichlorvos–treated carrions had the 

highest and lowest mean fungal count of 
-1 -164333.33 Cfuml and 5730 Cfuml  respectively. 

While the soil and rectal samples from the control 

carrions had the highest and lowest mean fungal 
-1 -1count of 146620 Cfuml and 2500 Cfuml  

respectively (table 2).
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Microbial isolation and identification
A total of nine (9) microbes including bacteria (7 
species) and fungi (2 species) were isolated and 
identified from the dichlorvos-treated and 
control carrions. These include Bacillus sp., 
E s c h e r i c h i a  c o l i ,  Ps e u d o m o n a s  s p . ,  
Staphylococcus sp., Enterobacter sp., Clostridium 
sp., Enterococci sp., Aspergillus sp. and Fusarium 
sp. All the microbial species isolated and 
identified were common for the control carrions 
while the other species except the Enterobacter 
sp., Clostridium sp., Enterococci sp. were 
associated with the dichlorvos-treated carrions 
(table 3). The microbial community of the 
dichlorvos-treated carrion yielded an abundance 
of 26 (t = 2.63; p < 0.05) and a total percentage 
value of 46.43 % (table 4), while the control 
carrions had microbial community abundance of 
30 (t = 6.637; p < 0.05) and a total percentage 
value of 53.57% (table 5).

Based on the location of sample collection and 
their characteristic microbes on the dichlorvos-
treated carrions, the soil sample presented Bacillus 
sp., sp.,  Escherichia coli, Pseudomonas Aspergillus  
sp. and sp. with a highest total microbial  Fusarium 

abundance of 10 (38.46%); the skin sample 
presented sp., sp.,Bacillus  Pseudomonas  
Staphylococcus , Aspergillus . Fusarium sp. sp and 
sp with a total microbial abundance of 7 (26.92%); . 
the oral sample presented sp.Bacillus , Escherichia 
coli  Aspergillus and sp. with a total microbial 
abundance of 5 (19.23%); while the rectal sample 
presented sp., sp. andBacillus Staphylococcus   
Aspergillus  sp. with a least total microbial 
abundance of 4 (15.38%) (table 5).

For the control carrions, the soil sample presented 
Bacillus  Escherichia coli, Staphylococcus , sp., sp.
Enterobacter  Clostridium  Aspergillus  sp., sp., sp.
and sp. with a total microbial Fusarium  
abundance of 10 (38.46%); the skin sample the 
presented sp.,Bacillus  Escherichia coli, 
Pseudomonas  Staphylococcus   sp. , sp. ,
Aspergillus  Fusarium  sp. and sp. with a total 
microbial abundance of 9 (30.00%); the oral 
sample presented the sp.,Bacillus  Enterococci 
sp., sp. and sp. with a total  Aspergillus  Fusarium 
microbial abundance of 8 (26.67%); while the 
rectal  sample presented sp. ,Baci l lus  
Staphylococcus   Aspergillus sp. and sp. with a total 
microbial abundance of 3 (10.00%) (table 4).

Table 1: Bacterial count of microbes on dichlorvos-treated and control carrions.

Table 2: Fungal count of microbes on dichlorvos-treated and control carrions.

D = Dichlorvos-treated carrions, C = Control carrion, FD = Fresh Decay, ED = Early Decay, AD = Advanced Decay, 
STD = Standard Deviation

D = Dichlorvos-treated carrions, C = Control carrion, FD = Fresh Decay, ED = Early Decay,  AD = Advanced Decay, 
STD = Standard Deviation

 SOIL SKIN ORAL RECTAL

 D C D C D C D C

FD 3.4,000 30,200 42,000 94,000 16,200 48,000 3,900 5,100

ED 100,030 32,000 55,000 12,000 NG 8,520 4,300 NS

AD 175,500 21,900 18,000 60,300 NG NG NS NS

MEAN 103176.67 28033.33 38333.33 55433.33 16200.00 28260.00 4100.00 5100.00

STD 70802.46 5387.33 18770.54 41216.06 - 27916.58 282.84 -

 SOIL SKIN ORAL RECTAL

 D C D C D C D C       

FD 44,000 216,000 2,400 40,000 21,000 4,080 9,400 2,500

ED 126,000 222,100 1,900 32,000 17,000 2,920 2,060 NS

AD 23,000 1,760 3,800 15,000 6,000 960 NS NS

MEAN 64333.33 146620.00 2700.00 29000.00 14666.67 2653.33 5730.00 2500.00

STD 54427.32 125489.51 984.89 12767.15 7767.45 1577.00 5190.16 -
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The microbiome signatures from all the samples 
collected based on the three stage decomposition 
criteria – the fresh, early and advanced decay 
stages studied for the dichlorvos-treated carrions 
showed that Aspergillus sp. had the highest 
abundance of 10 (38.46%) and was present at all 
the stages of decomposition of the dichlorvos-
treated and control carrions. Bacillus sp. had the 
second highest abundance of 6 (23.08%). The 
abundances of Escherichia coli, Fusarium sp., 
Pseudomonas sp. and Staphylococcus sp. were 3 
(11.54%), 3 (11.54%), 2 (7.69%) and 2 (7.69%) 
respectively (table 4). The control carrions 
showed also that Aspergillus sp. had the highest 

abundance of 9 (10.00%). Bacillus sp. also had the 
second highest abundance of 7 (23.33%) followed 
by Fusarium sp., Staphylococcus sp., Escherichia 
coli, Pseudomonas sp., Enterococci sp., 
Clostridium sp. and Enterobacter sp. with 
abundances of 5 (16.67%), 3 (10.00%), 1 (3.33%), 
1 (3.33%), and 1 (3.33%) respectively (table 5). 

Bacteria gram reaction revealed different gram 
positive and gram negative rods, cocci and bacilli 
which were made up of mainly lactose and non-
lactose fermenting colonies. The fungal colonies 
featured blastoconidia, cylindrical to ovoid 
conidia, septate and non-septate conidiophores 
(table 6).

Table 3: Composition of microbes on dichlorvos-treated and control carrions.

Table 4: Sample composition of microbes on dichlorvos-treated carrions during decomposition.

 DICHLORVOS-TREATED CONTROL

BACTERIA FUNGI BACTERIA FUNGI

Bacillus sp. Aspergillus sp. Bacillus sp. Aspergillus sp.

Escherichia coli Fusarium sp. Escherichia coli Fusarium sp.

Pseudomonas sp.  Pseudomonas sp. 

Staphylococcus aureus  Staphylococcus aureus 

  Enterobacter sp. 

  Clostridium sp. 

  Enterococci sp.

SAMPLE BACTERIA FUNGI ABUN-
   DANCE

  Bacillus  Escherichia  Pseudo-  Staphy-  Entero-  Clostridium   Enterococci  Aspergillus Fusarium 
  sp. coli monas sp. lococcus sp. bacter sp. sp. sp. sp. sp.

Carrion-soil            4
Swab F D + + + - - - - + -  (15.38%) 

 E D + + - - - - - + - 3         
            (11.54%)

           3
 A D + - - - - - - + +          (11.54%)

           10
TOTAL (%)           (38.46%)

           2
 F D - - - + - - - + - (7.69%)

Skin           4
Swab E D + - + - - - - + +          (15.38%)

           1
 A D NG NG NG NG NG NG NG - + (3.85%)

TOTAL (%)           7
           (26.92%)

Oral Swab F D + + - - - - - + - 3
           (11.54%)
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 E D NG NG NG NG NG NG NG + - 1
           (3.85%)

 A D NG NG NG NG NG NG NG + - 1
           (3.85%)

TOTAL (%)           5
           (19.23%)

Rectal Swab F D - - - + - - - + - 2
           (7.69%)

 E D + - - - - - - + - 2
           (7.69%)

 A D NS NS NS NS NS NS NS NS NS - 
           4
           (15.38%)

ABUN- 6 3 2 2    10 3 26
DANCE (23.08%)  (11.54%) (7.69%) (7.69%) - - - (38.46%) (11.54%) (100%)

Table 5: Sample composition of microbes on control carrions during decomposition.

FD = Fresh decay, ED = Early decay, AD = Advanced decay, NG = No growth, NS = No sample, + = 
Present, - = Absent

FD = Fresh decay, ED = Early decay, AD = Advanced decay, NG = No growth, NS = No sample, + = Present, - = Absent

SAMPLE BACTERIA FUNGI ABUN-
   DANCE

  Bacillus  Escherichia  Pseudo-  Staphy-  Entero-  Clostridium   Enterococci  Aspergillus Fusarium 
  sp. coli monas sp. lococcus sp. bacter sp. sp. sp. sp. sp.

Carrion-soil F D + - - - + - - + - 3
Swab           (10.00%)

 E D + - - + - - - + - 3
           (10.00%)

 A D - + - - - + - + + 4
           (13.33%)

TOTAL (%)           10
           (33.33%)

Skin
Swab F D + - - + - - - + - 3
           (10.00%)

 E D + - + - - - - + - 3
           (10.00%)

 A D - + - - - - - + + 3
           (10.00%)

TOTAL (%)           9
           (30.00%)

Oral
Swab F D + - - - - - + + + 4
           (13.33%)

 E D + - - - - - - + + 3
           (10.00%)

 A D NG NG NG NG NG NG NG - + 1
           (3.33%)

TOTAL (%)           8
           (26.67%)

Rectal Swab F D + - - + - - - + - 3
           (10.00%)

 E D NS NS NS NS NS NS NS NS NS -

 A D NS NS NS NS NS NS NS NS NS -

           3
           (10.00%)

ABUN-  7 2 1 3 1 1 1 9 5 30
DANCE  (23.33%) (6.67%) (3.33%) (10.00%) (3.33%) (3.33%) (3.33%) (30.00%) (16.67%) (100%)
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Table 6: Morphological features microbes on dichlorvos-treated and control carrions.
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DISCUSSION
The necrotic association between necrobiomes, 

thanatomicrobiomes, and decomposing bodies 

have been of immense utility in the 

determination of post mortem interval (PMI) 

during investigation of the cause and manner of 

death and this has been demonstrated by recent 

studies (Carter  2015; Hyde  2015; Guo et al., et al.,

et al., et al., et al., 2016; Johnson  2016; Javan  2016, 

2017; Debruyn and Hauther, 2017; Bell  et al.,

2018; Lutz  2020; Scott  2020; Wang et al., et al., et 

al., 2020).

The present study x-rayed the epinecrotic 

microbial community successions and 

composition on dichlorvos-treated and control 

carrions using soil (from carrion-soil interface), 

skin, oral and rectal samples at the fresh, active 

and advanced decay stages of decomposition in 

line with previous works associated with 

mammalian cadaver decomposition (Cobaugh et 

al., et al., et al.,2015; Hyde  2015; Metcalf.  2016; 

Finley  2015; Javan ., 2017).    et al., et al

There were marked non microbial growth seen 

from some of the samples collected for both 

carrion groups especially at the advanced 

decomposition stage and it could be as a result 

decreased autolytic and necrotic processes with 

the  a t t endant  decreased  ver tebra tes ,  

invertebrates and microbial activities. Again, the 

unavailability of rectal samples at some stages of 

decomposition happened due to rectal rupture 

and deterioration because of advanced and dry 

decomposition of the carrions. The soil samples 

recorded the highest mean bacterial count 

(103176.67) and fungal count (4100) from the 

dichlorvos-treated and control carrions 

respectively while the rectal samples recorded 

the lowest mean bacterial count of 4100 from the 

dichlorvos-treated and lowest mean fungal count 

from the control carrions. The difference in the 

microbial counts recorded could be due to 

environmental factors (such as temperature, 

humidity, precipitation and pH), soil organic 

matter content,  presence of poison, arthropods 

and other invertebrates' activities that could 

facil i tate or mar the proli feration of 

microorganisms (Johnson  2016; Ameh and et al.,

Kawo, 2017; Metcalf, 2019).

Seven (7) species of bacteria of the taxa firmicutes 

and proteobacteria together with two (2) fungal 

species were isolated and identified from both the 

dichlorvos-treated and control carrions. Finley et 

al. et al. et al. (2015; Guo  (2016); Metcalf  (2016) 

and DeBruyn and Hauther (2017) in their 

previous microbial succession studies on carrion 

also observed the dominance of firmicutes 

( sp., sp.,Bacillus  Staphylococcus  Clostridium 

sp. ) ,  proteobacteria (Escherichia col i ,  

Pseudomonas .sp ) and other bacterial phyla of 

Bacteroidetes, Actinobacteria and Acidobacteria.

The  highest abundance and occurrence of fungi 

of the generaAspergillus and Fusarium in both 

the dichlorvos-treated and control carrions is 

indicative of  the aerobic nature of fungi and their 

ability to withstand and thrive even under harsh 

environmental conditions such as poor nutrients 

status, low pH and extreme temperature (Ameh 

and Kawo, 2017).

The observed lesser abundance of microbial 

community on the dichlorvos-treated carrions 26 

(46.43%) compared to the control carrions with 

microbial community abundance of 30 (53.57%) 

and the absence of sp.Enterobacter , Clostridium 

sp., and sp. in the dichlorvos-treated  Enterococci 

carrions might be as a result of the poisonous 

effect of dichlorvos on the cadavers as some 

studies have proven that drugs and poisons affect 

microbial clock and post-mortem interval (Han et 

al., et al., et al., 2012; Butzbach  2013; Sastre  2017; 

Metcalf, 2019).

The differences in microbial signatures 

associated with the sites of sample collection and 

the different stages of decomposition is in 

agreement with the works of (Kong and Segre, 

2012; Hyde 2013, 2015; Javan  2016;  et al., et al.,

Deel  2020; Yang  2021). It was reported et al., et al.,

by Grantham  (2015) that bacterial and et al.

fungal communities possess an extremely site-

specific profile. Clarke . (2017) revealed that et al

microbial community succession on carrion 

differs in accordance with the stage of 

decomposition, body collection site, sampling 

geographical location and climatic conditions. 

Also, Guo  (2016) pointed out other factors et al.

that could affect the microbial community 
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structure to include; the first microbial 

communities to invade the cadaver, the cadaver 

environment and the method of sample 

collection. As decomposition progresses, 

microbial communities' diversity decreases 

relative to a decrease in nutrients until 

skeletonization with only a few genera becoming 

dominant and a shift from an aerobic bacteria-

based community to an anaerobic bacteria based 

community (Damann, 2017 DeBruyn and ; 

Hauther, 2017).

The study revealed the early microbial 

communities as bacteria in the phylum 

firmicutes ( sp. ) in Bacillus  and Escherichia coli

contrast to the work of Benbow  (2015) where et al.

bacteria in the phylum Proteobacteria dominated 

the early decomposer communities and the 

Firmicutes dominated the later decomposer 

communities. Proteobacteria was the most 

abundant bacterium phylum in grave soil 

samples with decreased abundance of 

acidobacteria and increased Firmicutes in 

surface cadaver-soil communities, while the 

microbial community composition remained 

rather constant in buried soil communities 

(Finley  2015, 2016). In another study by et al,.

Hyde  (2013), it was shown that communities et al.

from the mouth and oral cavity differ in pre-bloat 

and end of bloat stages of decomposition. The 

firmicutes and actinobacteria were predominant 

in the fresh stage, while the clostridiales and 

bacillaceae were the dominant firmicutes from 

bloat to advanced decay stages of decomposition. 

Recent studies have identified the skin and the 

oral cavity as good sites to build an accurate 

microbial clock (Kodama  2019; Roy  et al., et al.,

2021). However, this study observed more 

microbial fauna abundance from the soil and skin 

samples and also bacterium phyla firmicutes 

( sp. and sp.) and Bacillus Staphylococcus 

proteobacteria ( ) and fungal genera Esherichia coli

of  and  as the most abundant Aspergillus Fusarium

microbial species on dichlorvos-treated and 

control carrions thereby suggesting the soil and 

skin samples, the firmicutes ( sp. andBacillus  

Staphylococcus . Escherichia sp ), proteobacteria (

coli Aspergillus) and fungal genera of  and 

Fusarium as markers and resorts to establishing 

accurate microbiome profiles for post mortem 

investigations. 

In conclusion, the study identified unique 
microbiomes of dichlorvos-treated and control 
carrions which are potential markers to 
establishing accurate microbiome profiles for 
post mortem investigations. It has also provided 
good comparative information between the 
microbiome identities and successions on 
dichlorvos-treated and control carrions for the 
study location that can be useful in the resolution 
of medico-legal cases in relation to dichlorvos 
and other suicidal or poisonous chemical agents. 
Since microbial forensics works are still in the 
infancy stage in this study location and Nigeria at 
large, this study stands as a curtain raiser for more 
studies that will take microbial identification 
beyond the traditional microbial culture method 
to the use of modern technology of genome wide 
sequencing of informative gene markers. 

CONFLICT OF INTEREST
The authors declare that there is no potential 

conflict of interest in relation to the current 

article.

REFERENCES
1. Abd El-Bar M., Sawaby R., El-Hamouly H. 

and Hamdy R. (2016). A preliminary 

identification of insect successive wave in 

Egypt on control and zinc phosphide-

intoxicated animals in different season. 

Egyptian Journal of Forensic Sciences. 

6 ( 3 ) : 2 2 3 - 2 3 4 .  h t t p : / / d x . d o i . o r g /  

10.1016/j.ejfs.2016.05.004.

2. Ameh A.A. and Kawo A.H. (2017). 

Enumeration, isolation and identification of 

bacteria and fungi from soil contaminated 

with petroleum products using layer chicken 

droppings as an amendment. Bayero Journal 

of Pure and Applied Sciences. 10(1):219-225. 

http://dx.doi.org/10.4314/bajopas.v10i1.44S.

3. Anderson G.S. and Vanlaerhoven S.L. (1996). 

Initial studies on insect succession on carrion 

in southwestern British Columbia. Journal of 

Forens ic  Sc iences .  41(4) :  617-625.  

https://doi.org/10.1520/JFS13964J

4. Anderson G.S., Byrd J.H. and Castner J.L. 

(2001). Insect succession on carrion and its 

M.N. Ani and S.E. Agoro, IJBI 6 (2): 2024 // 174Toxicological implications of dichlorvos..... 

http://dx.doi.org/10.1016/j.ejfs.2016.05.004
http://dx.doi.org/10.1016/j.ejfs.2016.05.004
http://dx.doi.org/10.1016/j.ejfs.2016.05.004
http://dx.doi.org/10.1016/j.ejfs.2016.05.004
http://dx.doi.org/10.4314/bajopas.v10i1.44S
http://dx.doi.org/10.4314/bajopas.v10i1.44S


relationship to determining time of death. In: 

Byrd J. H., Castner J. L, (Eds.). Forensic 

entomology: the utility of arthropods in legal 

investigations. CRC Press, Boca Raton, 705 pp.

5. Audrey G., Dunyach-Remy C., Christian S. 

and Jean-Philippe L. (2022). Analysis of 

Microbial Communities: An Emerging Tool in 

Forensic Sciences. Diagnostics. 12 (1): 1. 

https://doi.org/10.3390/diagnostics12010001

6. Bell C.R., Wilkinson J.E., Robertson B.K. and 

Javan G.T. (2018). Sex related differences in 

the thanatomicrobiome in postmortem heart 

samples using bacterial gene regions V1-2 

and V4. Letters in Applied Microbiology. 67: 

144-153. https://doi.org/10.1111/lam.13005

7. Benbow M.E., Pechal J.L., Lang J.M., Erb R. 

and Wallace J.R. (2015). The potential of high 

through put metagenomic sequencing of 

aquatic bacterial communities to estimate the 

postmortem submersion interval. Journal of 

Forensic Science. 60: 1500-1510. https:// 

doi.org/10.1111/1556-4029.12859/full.

8. Burcham Z.M., Hood J.A., Pechal J.L., Krausz 

K.L., Bose J.L., Schmidt C.J., Benbow M.E. and 

Jordan H.R. (2016). Fluorescently labelled 

bacteria provide insight on post-mortem 

microbial transmigration. Forensic Science 

International. 264: 63-69. https://doi.org/ 

10.1016/j.forsciint.2016.03.019 

9. Butzbach D.M. (2010). The influence of 

putrefaction and sample storage on post-

mortem toxicology results. Forensic Science, 

Medicine and Pathology. 6(1): 35-45. 

https://doi.org/10.1007/s12024-009-9130-8

10. Butzbach D.M, Stockham P.C., Kobus H. J., 

Noel S.D., Byard R.W., Lokan R.J. and 

Stewart W.G. (2013). Bacterial degradation of 

r i s p e r i d o n e  a n d  p a l i p e r i d o n e  i n  

decomposing blood. Journal of Forensic 

Science. 58(1): 90-100. https://doi.org 

10.1111/j.1556-4029.2012.02280.x.

11. Can I., Javan G.T., Pozhitkov A.E. and Noble 

P.A. (2014). Distinctive thanatomicrobiome 

signatures found in the blood and internal 

organs of humans. Journal of Microbiological 

Methods .  106:  1 -7 .  ht tps : / /doi .org /  

10.1016/j.mimet.2014.07.026..

12. Carter D.O., Metcalf J.L., Bibat A. and Knight 

R. (2015). Seasonal variation of postmortem 

microbial communities. Forensic Science, 

Medicine and Pathology. 11: 202-207.

13. Castle J.W., Butzbach D.M., Walker G.S., 

Lenehan C.E., Reith F. and Kirkbride K.P. 

(2017). Microbial impacts in postmortem 

toxicology. In: Carter D. O., Tomberlin J. K., 

Benbow M.E. and Metcalf J.L. (Eds.). Forensic 

Microbiology. John Wiley & Sons. 212 pp. 

14. Catts E. and Goff M. (1992). Forensic 

entomology in criminal investigations. 

Annual Review of Entomology. 37: 253 - 272. 

15. Cheesbrough M. (2005). District Laboratory 

Practice in Tropical Countries. Part 2, UK, 

Cambridge University Press. 56-70 pp.

16. Clarke T.H., Gomez A., Singh H., Nelson K.E. 

and Brinkac L.M. (2017). Integrating the 

microbiome as a resource in the forensics 

toolkit. Forensic Science International 

Genetics. 30: 141-147. https://doi.org/ 

10.1016/j. fsigen.2017.06.008.

17. Cobaugh K.L., Schaefer S.M. and DeBruyn 

J.M. (2015). Functional and Structural 

Succession of Soil Microbial Communities 

below decomposing Human Cadavers. PloS 

One. 10: e0130201. https://doi.org/10.1371/ 

journal.pone.0130201

18. Costello E.K., Lauber C.L., Hamady M., 

Fierer N., Gordon J.I. and Knight R. (2009). 

Bacterial community variation in human 

body habitats across space and time. Science. 

326(5960):1694-1697. https:/ /doi.org/ 

10.1126/science.1177486

19. Damann F.E. (2017). Bacterial Symbionts and 

Taphonomic Agents of Humans. In: 

Schotsmans, E.M J., Márquez-Grant, N. and 

Forbes, S.L. (Eds.). Taphonomy of Human 

Remains: Forensic Analysis of the Dead and 

the Depositional Environment. John Wiley & 

Sons, Ltd. 155-166 pp. https:/ /doi. 

org/10.1002/9781118953358.ch12.

20. DeBruyn J.M. and Hauther K.A. (2017). 

Postmortem succession of gut microbial 

communities in deceased human subjects. 

P e e r J .  5 : e 3 4 3 7 .  h t t p s : / / d o i . o r g /  

10.7717/peerj.3437

175 //  Toxicological implications of dichlorvos..... M.N. Ani and S.E. Agoro, IJBI 6 (2): 2024

https://doi.org/10.3390/diagnostics12010001
https://doi.org/10.1007/s12024-009-9130-8
https://doi.org/10.1111/j.1556-4029.2012.02280.x
https://doi.org/10.1111/j.1556-4029.2012.02280.x
https://doi.org/10.1111/j.1556-4029.2012.02280.x
https://doi.org/10.1111/j.1556-4029.2012.02280.x
https://doi.org/10.1016/j.%20fsigen.2017.06.008
https://doi.org/10.1016/j.%20fsigen.2017.06.008
https://doi.org/10.1016/j.%20fsigen.2017.06.008
https://doi.org/10.1016/j.%20fsigen.2017.06.008


21. Deel H., Bucheli S., Belk A., Ogden S., Lynne 

A., Carter D.O., Knight R. and Metcalf J.L. 

(2020). Using microbiome tools for estimating 

the postmortem interval In: Microbial 

Forensics, 3rd edn. (Elsevier). 171-191 pp. 

https://doi.org/10.1016/B978-0-12-815379-6. 

00012-X.

22. Dickson G.C., Poulter R.T., Maas E.W., 

Probert P.K. and Kieser J.A. (2011). Marine 

bacterial succession as a potential indicator 

of postmortem submersion interval. Forensic 

S c i e n c e  I n t e r n a t i o n a l .  2 0 9 :  1 - 1 0 .  

https://doi.org/10.1016/j.forsciint.2010.10.01

6.

23. Drummer O.H.  (2004).  Postmortem 

toxicology of drugs of abuse. Forensic Science 

In te rna t iona l .  142 (2 -3 ) :  101  -113 .  

https://doi.org/10.1016/j.forsciint.2004. 

02.013.

24. Emmanuel E., Andrew A. and John O.C. 

(2017). Isolation, identification and 

characterization of some bacteria from soil 

samples of Agbaja iron ore mining site of Kogi 

State. Journal of Bacteriology and Mycology. 

4(3): 79-84.

25. Fatma E.A., Abd E., Noha E.E. and Hani N.A. 

(2022). A comparative study of the toxic effect 

of ZIF-8 and ZIF-L on the colonization and 

decomposition of shaded outdoor mice 

carrions by arthropods. Scientific Reports. 12: 

14240.

26. Finley S.J., Benbow M.E. and Javan G.T. 

(2015). Potential applications of soil 

microbial ecology and next-generation 

sequencing in criminal investigations. 

A p p l i e d  S o i l  E c o l o g y .  8 8 :  6 9 - 7 8 .  

https://doi.org/10.1016/j.apsoil.2015.01.001

27. Garrity G.M., Bell J. and Lilburn T.G. (2004). 

Taxonomic Outline of the Prokaryotes, Bergey 

Manual of Systematic Bacteriology, Second 

Edition. Release 5.0. Springer-Verlag.

28. Grantham N.S, Reich B.J, Pacifici K., Laber 

E.B., Menninger H.L, Henley J.B., Barberán A., 

Leff J.W., Fierer N. and Dunn R.R. (2015). 

Fungi identify the geographic origin of dust 

samples. PLoS One. 10(4): e0122605. 

https://doi.org/10.1371/journal.pone.0122605.

29. Gunn A. and Pitt S.J. (2012). Review paper 

microbes as forensic indicators. Tropical 

Biomedicine. 29(3): 311-330.

30. Guo J., Fu X., Liao H., Hu Z., Long L., Yan W., 

Ding Y., Zha L., Guo Y., Yan J., Chang Y. and 

Cai J. (2016). Potential use of bacterial 

community succession for estimating post-

mortem interval as revealed by high-

throughput sequencing. Science Report. 6: 

24197.  https://doi.org/10.1038/srep24197

31. Habtom H., Pasternak Z., Matan O., Azulay C., 

Gafny R. and Jurkevitch E. (2019). Applying 

microbial biogeography in soil forensics. 

Forensic Science International Genetics. 38: 

195-203. https://doi.org/ 10.1016/j.fsigen. 

2018.11.010

32. Hafz M.I., Hailong L., Zhenyuan W. and Jiru X. 

(2021). Potential use of molecular and 

structural characterization of the gut bacterial 

community for postmortem interval estimation 

in Sprague Dawley rats. Scientific Reports. 11: 

225. https://doi.org/10.1038/s41598-020-

80633-2

33. Han E., Kim E., Hong H., Jeong S., Kim J., In S. 

and Chung H.L.S. (2012). Evaluation of 

postmortem redistribution phenomena for 

commonly encountered drugs. Forensic 

Science International. 219(1-3): 265-271. 

https://doi. org/10.1016/j.forsciint.2012.01.016.

34. Hauther K.A., Cobaugh K.L. Jantz L.M., Sparer 

T.E. and DeBruyn J. M. (2015). Estimating time 

since death from postmortem human gut 

microbial communities, Journal Forensic 

Science. 60: 1234-1240. https://doi.org/ 

10.1111/1556-4029.12828

35. Huan Li., Siruo Z., Ruina L.L., Di W.E., Yang 

H., Shakir U., Hafz M.I., Hailong L., Zhenyuan 

W. and Jiru Xu (2021). Potential use of 

molecular and structural characterization of 

the gut bacterial community for postmortem 

interval estimation in Sprague Dawley rats. 

Scientific Reports. 11:225. https://doi.org/ 

10.1038/s41598-020-80633-2

36. Huiya Y., Ziwei W., Zhi W., Fuyuan Z., Dawei 

G. and Rui Zhao (2023). Trends in forensic 

microbiology: From classical methods to deep 

learning. Frontiers of Microbiology. 14: 

M.N. Ani and S.E. Agoro, IJBI 6 (2): 2024 // 176Toxicological implications of dichlorvos..... 

https://doi.org/10.1016/j.forsciint.2004.%2002.013
https://doi.org/10.1016/j.forsciint.2004.%2002.013
https://doi.org/10.1016/j.forsciint.2004.%2002.013
https://doi.org/10.1016/j.apsoil.2015.01.001
https://doi.org/10.1371/journal.pone.0122605
https://doi.org/10.1038/s41598-020-80633-2
https://doi.org/10.1038/s41598-020-80633-2
https://doi.org/10.1111/1556-4029.12828
https://doi.org/10.1111/1556-4029.12828
https://doi.org/10.1111/1556-4029.12828
https://doi.org/10.1038/s41598-020-80633-2
https://doi.org/10.1038/s41598-020-80633-2
https://doi.org/10.1038/s41598-020-80633-2


1163741 .  h t tps : / /do i . o rg /  10 .3389 /  

fmicb.2023.1163741.

37. Hyde E.R., Haarmann D.P., Lynne A.M., 

Bucheli S.R. and Petronsino J.F. (2013). The 

living dead: bacterial community structure of a 

cadaver at the onset and end of the bloat stage 

of decomposition. PLoS One. 8: e77733. 

https://doi.org/10.1371/journal.pone.0077733

38. Hyde E.R., Haarmann D.P., Petrosino J.F., 

Lynne A.M. and Bucheli S.R. (2015). Initial 

insights into bacterial succession during 

human decomposition. International Journal 

L e g a l  M e d i c i n e .  1 2 9 :  6 6 1 - 6 7 1 .  

https://doi.org/10.1007/s00414-014-1128-4.

39. Janaway R.C., Percival S.L. and Wilson A.S. 

(2009). Decomposition of human remains. In: 

Steven L.P. (Eds.). Microbiology and Aging. 

Humana Press. 313-334 pp. 

40. Javan G.T., Finley S.J, Smith T., Miller J. and 

Wi l k i n s o n  J . E .  ( 2 0 1 7 ) .  C a d a v e r  

thanatomicrobiome signatures: the ubiquitous 

nature of Clostridium species in human 

decomposition. Frontiers in Microbiology. 8: 

2 0 9 6 .  h t t p s : / / d o i . o r g / 1 0 . 3 3 8 9 /  

fmicb.2017.02096

41. Javan G.T., Finley S.J., Abidin Z. and Mulle 

J.G. (2016).  The thanatomicrobiome: A 

missing piece of the microbial puzzle of death. 

Fr o n t i e r s  o f  M i c r o b i o l o g y .  7 : 2 2 5 .  

https://doi.org/10.3389/fmicb.2016.00225

42. Johnson H. R., Trinidad D.D., Guzman S., 

Khan Z., Parziale J.V., DeBruyn J. M. and Lents 

N.H. (2016). A machine learning approach for 

using the postmortem skin microbiome to 

estimate the postmortem interval. PLoS One. 

11: e0167370. https://doi.org/10.1371/ 

journal.pone.0167370.

43. Knight R., Callewaert C., Marotz C., Hyde E.R., 

Debelius J.W., McDonald D. and Sogin M.L. 

(2017). The microbiome and human biology. 

Annual Review of Genomics Human Genetics. 

31(18): 65-86. https://doi.org/10.1146/annurev-

genom-083115-022438.

44. Kodama W.A., Xu Z., Metcalf J.L., Song S.J., 

Harrison N., Knight R., Carter D.O. and Happy 

C.B. (2019). Trace evidence potential in 
postmortemskin microbiomes: from death 

scene to morgue. Journal of Forensic Science. 
64: 791-798.

45. Kohinur B., Sultana J.M., Refaya R., Mahinur 

R., Md. Shajidur R. and Alam N. (2017). 
Isolation and characterization of bacteria with 
biochemical and pharmacological importance 
from soil samples of Dhaka City. Dhaka 
University Journal of Pharmaceutical Science. 
16(1): 129-136.

46. Kong H.H. and Segre J.A. (2012). Skin 
microbiome: looking back to move forward. 
Journal of Investigative Dermatology. 132: 933-
939. https://doi.org/10.1038/jid.2011.417.

47. Kora S., Doddamani G., Halagali G., 

Vijayamahantesh S. and Boke Umakanth 

(2011). Sociodemographic profile of the 

organophosphorus poisoning cases in 

Southern India. Journal of Clinical and 

Diagnostic Research. 5: 953-956. 

48. Lax S., Hampton-Marcell J.T., Gibbons S.M., 

Colares G. B., Smith D., Eisen J.A. and Gilbert 

J.A. (2015). Forensic analysis of the 

microbiome of phones and shoes. Microbiome 

3: 21. https://doi.org/10.1186/s40168-015-

0082-9

49. Lee S.Y., Woo S.K., Lee S. M., Ha E.J., Lim K.H., 

Choi K.H., Roh Y.H. and Eom Y.B. (2017). 

Microbiota composition and pulmonary 

surfactant protein expression as markers of 

death by drowning. Journal of Forensic Science. 

62(4): 1080-1088. https://doi.org/10.1111/1556-

4029.13347.

50. Liu R., Gu Y., Shen M., Li H., Zhang K., Wang 

Q., Wei X., Zhang H., Wu D., Yu K., Cai W., 

Wang G., Zhang S., Sun Q., Huang P. and Wang 

Z. (2020). Predicting postmortem interval 

based on microbial community sequences and 

machine learning algorithms. Environmental 

Microbiology. 2(6): 2273-2291. https://doi. 

org/10.1111/1462-2920.15000

51. Lutz H., Vangelatos A., Gottel N., Osculati A., 

Visona S., Finley S.J., Gilbert J.A. and Javan 

G.T. (2020). Effects of extended postmortem 

interval on microbial communities in organs of 

the human cadaver. Frontiers in Microbiology. 

11:  569630.  https: / /doi.org/10.3389/  

fmicb.2020.569630

177 //  Toxicological implications of dichlorvos..... M.N. Ani and S.E. Agoro, IJBI 6 (2): 2024

https://doi.org/10.1371/journal.pone.0077733
https://doi.org/10.1371/journal.pone.0167370
https://doi.org/10.1371/journal.pone.0167370
https://doi.org/10.1371/journal.pone.0167370
https://doi.org/10.1371/journal.pone.0167370


52. Makwe E. and Okobia E.L. (2020). Seasonal 
variation in accumulation of atmospheric 
heavy metals in bryophyte moss around the 
mining areas of Ebonyi State, Southeast 
Nigeria. Global Scientific Journal. 8(4):1513-
1537.

53. Martin W.M., Agoro E.S. and German I.C. 
(2020). Vitreous humour biochemical 
parameters as indicators for corroborating 
Acute Sniper (Dichlorvos) Induced Death. 
Journal Forensic Toxicology and Pharmacology. 
9: 2. https://doi.org/10.37532/jftp.2020.9(2).168

54. Metcalf J.L., Xu Z.Z. Bouslimani A., , 

Dorrestein P., Carter D.O. and Knight R. 
(2017). Microbiome tools for forensic science. 
Trends in Biotechnology. 35(9): 814-823. 
https://doi.org/10.1016/j.tibtech.2017.03.006.

55. Metcalf J.L., Parfrey L.W., Gonzalez A., Lauber 

C.L., Knights D.  et al. (2013). A microbial clock 
provides an accurate estimate of the 
postmortem interval in a mouse model system. 
e L i f e .  2 :  e 0 1 1 0 .  h t t p s : / / d o i . o r g /  
10.7554/eLife.01104

56. Metcalf J.L., Xu Z.Z., Weiss S., Lax S., Van 

Treuren W., Hyde E.R. et al. (2016). Microbial 
community assembly and metabolic function 
during mammalian corpse decomposition. 
Science. 351: 158-162. https://doi.org/ 
10.1126/science.aad2646

57. Metcalf  J.L. (2019). Estimating the 
postmortem interval using microbes: 
Knowledge gaps and a path to technology 
adoption. Forensic Science International 
Genetics. 38: 211-218. 

58. Michael E., Nick A.B., Peter E. and Andrew 

H.D.  (2008).  Management  of  acute  
organophosphorus pesticide poisoning. 
Lancet. 371(9612): 597- 607.

59. Mondor E.B., Tremblay M.N., Tomberlin M., 

Benbow M. And Tarone A. (2012). The ecology 
of carrion decomposition. Nature Education 
Knowledge. 5: 1209-1233.

60. Owoeye O., Edem F., Akinyoola B., Rahaman 

S., Akang E. and Arinola G. (2012). 

Toxicological changes in liver and lungs of rats 

exposed to dichlorvos before and after vitamin 

supplementation. European Journal of 

Anatomy. 16(3): 190-198.

61. Pechal J.L., Crippen T.L., Tarone A.M., Lewis 

A.J., Tomberlin J.K and Benbow M.E. (2013). 

Microbial community functional change 

during vertebrate carrion decomposition. PLoS 

One. 8: e790s35. https://doi.org/10.1371/ 

journal.pone.0079035

62. Pechal J.L., Crippen T.L., Benbow M.E., Tarone 

A.M., Dowd S. and Tomberlin J.K.  (2014). The 

potential use of bacterial community 

succession in forensics as described by high 

throughput metagenomic sequencing. 

International Journal of Legal Medicine. 128(1): 

193-205.  https://doi.org/10.1007/s00414-013-

0872-1

63. Rácz E., Könczöl F., Tóth D., Patonai Z., 

Porpáczy Z., Kozma Z., Poór V.S. and Sipos K. 

(2016). PCR-based identification of drowning: 

four case reports. International Journal of Legal 

Medicine.130 (5): 1303-1307. https://doi.org/ 

10.1007/s00414-016-1359-7. 

64. Razwiedani L. and Rautenbach P. (2017). 

Epidemiology of organophosphate poisoning 

in the Tshwane District of South Africa. 

Environmental Health Insights. 11:1-4. 

65. Roy D., Tomo S., Purohit P. and Setia P. (2021). 

Microbiome in death and beyond: current 

vistas and future trends. Frontiers in Ecology 

and Evolution. 9: 630397. https://doi.org/ 

10.3389/fevo.2021.630397.

66. Sastre C., Bartoli C., Baillif-Couniou V., 

Leonetti G. and Pelissier-Alicot A.L. (2017). 

Post mortem redistribution of drugs: current 

state of knowledge. Current Pharmaceutical 

Design. 23(36): 5530-5541. https://doi.org/ 

10.2174/1381612823666170622111739

67. Scott L., Finley S.J., Watson C. and Javan G.T. 

(2020). Life and death: a systematic 

comparison of antemortem and postmortem 

gene expression. Gene. 731: 144349. 

https://doi.org/10.1016/j.gene.2020.144349

68. Skopp G. (2010). Postmortem toxicology. 

Forensic Science Medicine and Pathology. 6: 

314-325. https://doi.org/10.1007/s12024-010-

9150-4.

69. Tullis K. and Goff M. (1987). Arthropod 
succession in exposed carrion in a tropical 
rainforest on Oahu Island, Hawaii. Journal of 
Medical Entomology. 24: 332-339.  

M.N. Ani and S.E. Agoro, IJBI 6 (2): 2024 // 178Toxicological implications of dichlorvos..... 

https://doi.org/10.1016/j.tibtech.2017.03.006
https://doi.org/10.1016/j.tibtech.2017.03.006
https://doi.org/10.7554/eLife.01104
https://doi.org/10.7554/eLife.01104
https://doi.org/10.7554/eLife.01104
https://doi.org/10.1371/journal.pone.0079035
https://doi.org/10.1371/journal.pone.0079035
https://doi.org/10.1371/journal.pone.0079035


70. Turnbaugh P.J. Ley R.E., HamadyM., Fraser-

Liggett C., Knight R. and Gordon J.I. (2009). 

The human microbiome project: exploring the 

microbial part of ourselves in a changing 

world. . 449: 804-810. Nature https://doi.org/ 

10.1038/nature06244.

71. USEPA (2007). United States Environmental 

Protection Agency. Dichlorvos TEACH 

Chemical summary USEPA, Toxicity and 

exposure assessment for children. 1-13 pp.

72. Uzeh R.E., Alade F.A. and Bankole M. (2009). 

The microbial quality of pre-packed mixed 

vegetable salad in some retail outlets in Lagos 

Nigeria. African Journal of Food Science. 3(9): 

270-272.

73. Wang L.L, Zhang F.Y., Dong W.W., Wang C.L, 
Liang X.Y, Suo L.L., Jian C., Zhang M., Guo 
X.S, Jiang P.H., Guan D.W. and Zhao R. (2020). 
A novel approach for the forensic diagnosis of 
drowning by microbiological analysis with 
next-generation sequencing and unweighted 
Uni Frac-based PCoA. International Journal of 
Legal  Medicine.  134(6):  2149-2159.  
https://doi.org/10.1007/s00414-020-02358-1.

74. Yang T., Shi Y., Zhu J., Zhao C., Wang J., Liu Z., 
Fu X., Liu X., Yan J., Yuan M. and Chu H. 
(2021). The spatial variation of soil bacterial 
community assembly processes affects the 
accuracy of source tracking in ten major 
Chinese cities. Science China Life Science. 
64(9): 1546-1559. https://doi.org/10.1007/ 
s11427-020-1843-6.

179 //  Toxicological implications of dichlorvos..... M.N. Ani and S.E. Agoro, IJBI 6 (2): 2024


	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105

