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			A 5-year overview of fatal thermal and electrical burns in Johannesburg

			Thermal and electrical burn injuries affect millions of people globally each year. South Africa is a developing country where fatal fires are common. Despite the pervasiveness of fatal thermal and electrical burns in South Africa, there is a paucity of information regarding the frequency of such fatal burns in the City of Johannesburg. We aimed to describe the demographics and frequency of fatal thermal and electrical burn cases received at the Johannesburg Forensic Pathology Services Medico-Legal Mortuary for medico-legal death investigations, and compare the burn mortality rates between Johannesburg and those reported in Cape Town, Pretoria, and Mpumalanga. This study was a 5-year (2010–2014) retrospective review of 185 forensic medico-legal case files of fatal burns (156 thermal burn cases and 29 electrical burn cases) received at the Johannesburg Forensic Pathology Services Medico-Legal Laboratory. The demographics at the greatest risk of fatal burns in Johannesburg, South Africa are black (2.11 per 100 000) and male (1.03 per 100 000) individuals, and those in the 30–39-year age group (3.6 per 100 000). Children aged 0–9 years had a high mortality rate due to thermal burns (3.44 per 100 000). The most common type of fatal burns is thermal in nature, as a result of flames (1.62 per 100 000). Electrical burns are relatively rare (0.3 per 100 000). Burns are prevalent in the winter months, most notably in August. Burn wounds are common on the head, chest, back, and abdomen. Johannesburg has an overall lower burn mortality rate and incidence frequency than Cape Town, Pretoria, and Mpumalanga. This study is the first to report on fatal burns in Johannesburg, South Africa.

			Significance:

			
					•	A description is provided of fatal thermal and electrical burns of individuals whose deaths were investigated at the Johannesburg Forensic Pathology Services Medico-Legal Mortuary.

					•	The results highlight the demographic groups at risk of fatal burns in Johannesburg, South Africa. 

					•	Johannesburg has a lower fatal burn incidence and mortality rate than Cape Town, Pretoria, and Mpumalanga; however, young people, particularly male individuals, are at greatest risk.
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			Introduction

			In South Africa, it is the legal mandate of the Forensic Pathology Services (FPS) to perform post-mortem examinations in all cases of unnatural death.1 Approximately 60 000–80 000 unnatural deaths occur annually in South Africa.2 South African legislation, such as the Inquest Act (Act 58 of 1959), requires that all unnatural deaths have a medico-legal autopsy examination performed.3 An unnatural death is defined by South African law as:

			
					a.	Any death due to physical or chemical influence, direct or indirect, and/or related complications.

					b.	Any death, including those deaths which would normally be considered to be a death due to natural causes, which in the opinion of the medical practitioner, has been the result of an act of commission or omission which may be criminal in nature.

					c.	Any death as contemplated in the Health Professions Act 56 of 1974: Section 56 (as amended). The death of a person undergoing, or as a result of, a procedure of a therapeutic, diagnostic or palliative nature, or of which any aspect of such a procedure has been a contributory cause, shall not be deemed to be a death from natural causes.

					d.	A sudden and unexpected, or unexplained, death or where the cause of death is not apparent.1,3,4 

			

			In the Gauteng Province, there are 11 FPS medico-legal mortuaries which are divided into two clusters: the Northern Cluster (consisting of three medico-legal mortuaries: Pretoria, Ga-Rankuwa, and Bronkhorstspruit) and the Southern Cluster (consisting of eight medico-legal mortuaries: Johannesburg, Germiston, Diepkloof, Roodepoort, Sebokeng, Carletonville, Springs, and Heidelberg). Approximately 17.5% of all unnatural deaths in South Africa are received by the Gauteng Southern Cluster.2 Over the 2006–2018 period, the Gauteng Southern Cluster received 155 338 cases, averaging 11 949 cases per annum.

			The City of Johannesburg municipality has a population of 4.9 million people, making it South Africa’s most populous city.5 As a result, the Johannesburg FPS mortuary, which services a large portion of the City of Johannesburg municipality, is one of the busiest FPS mortuaries in South Africa. The Johannesburg FPS performed a total of 36 043 post-mortem examinations between the years 2006 and 2018, averaging 2773 cases per annum.

			Deaths precipitated by thermal and electrical burns are classified as unnatural deaths and a post-mortem examination must be performed by the FPS. Thermal and electrical burn injuries affect millions of people globally each year.6 Severe burns rank as the fourth highest incidence of injuries requiring medical attention.7 It is estimated that 300 000 people die annually due to flame- or fire-related burns globally.6 Lower-middle- to low-income countries in the Middle East, Asia and Africa6,8, such as Pakistan9, Iraq10, Ethiopia11, and Kenya12, make up 90% of global burn fatalities. 

			Thermal burns include burns due to flames, scalding, and contact with a hot surface. In developing countries, such as South Africa, fatal and severe thermal injuries caused by flames frequently occur in cities that are densely populated by people of lower income and are residing in informal residential areas.9 The causes of the fires have been due to the usage of affordable domestic appliances and methods such as kerosene stoves and open fires, which are used for cooking and heating water.8,13,14 Informal settlement fires are a common occurrence in South Africa specifically and Africa generally. Ombati et al.12 found that informal settlement fires are the second highest contributors to burn injuries, compared to the small percentage of burn injuries that occur in formal residential areas.

			Scalding burns result from contact of the skin and other tissues with hot liquids.15 The American Burn Association reported that scalding burns were common in young children below the age of 5 years.15 Most scalding burns are a result of hot foods and spilled liquids and they tend to cause minor burns that are typically not fatal.15 However, the effect of scalding burns in the elderly is greater, and even small scalding burns can have fatal consequences.16

			Severe injuries due to electrical burns are also common in developing nations. The theft of electrical cables is a common problem in South Africa and may result in fatal electrocution.2 Additionally, illegal electrical connections are common in informal settlements and can have deadly consiquences.17 Most electrical fatalities are unintentional, and result from poor maintenance of electrical equipment and carelessness.2

			The epidemiology and prevalence of surviving victims of thermal and electrical burns, treated in South African clinics, burns units, and hospitals, are well documented.18-26 However, there is a scarcity of published data on fatal burns in South Africa. A few regional studies have been conducted in the Western Cape, Mpumalanga, and Gauteng13,17,27, with one published study in Durban on suicide by self-immolation28. 

			The studies for Cape Town13 and Mpumalanga27 used the National Injury Mortality Surveillance System (NIMSS) as their primary source of data and not specific case files or post-mortem reports. There are limitations in using the NIMSS data, especially the limited detail provided. For example, NIMSS combines burn deaths caused by flames, scalding, and contact to a hot object under a single category, which makes comparisons between the three causes of burns difficult. Ideally, data should be collected from FPS case file documents which provide greater detail on each fatal case. The study by Morobadi et al.17 is the only published South African study, so far, to have reported on fatal thermal burns from data collected directly from FPS case files and post-mortem reports. 

			The mortality rate of deaths caused by electrical burns has largely been under-researched in South Africa. Only one study, by Blumenthal2, has reported the incidence of fatal electrical deaths in Gauteng (using NIMSS data).

			Despite the pervasiveness of fatal thermal and electrical burns in South Africa, there is a paucity of information regarding the frequency of such fatal burns in Johannesburg. Johannesburg is the largest city in South Africa and the capital of Gauteng – the most densely populated province in South Africa. The Johannesburg FPS is also one of the busiest forensic mortuaries in South Africa. Therefore, in this study, we aimed to describe the incidence and mortality rate of fatal thermal and electrical burns received at the Johannesburg Forensic Pathology Services Medico-Legal Laboratory for medico-legal death investigations. A comparison of the thermal and electrical burn mortality rates for Johannesburg, Cape Town, Pretoria, and Mpumalanga is also provided.
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			Methods

			Data were collected retrospectively from the case files of the Johannesburg Forensic Pathology Services Medico-Legal Mortuary. The inclusion criterion was any case for which the autopsy report stated that thermal or electrical burn injuries were the primary cause of death or contributory to the cause of death. Data were collected for the 5-year period 2010–2014. This amounted to 185 cases of individuals who died as a result of flames, scalding, explosions, electrocution, or lightning strikes. The information that was collected included demographic details, temporal information, geographical location, and the anatomical regions which exhibited burn injuries. The anatomical regions were divided into: head and neck, thorax, back, abdomen (including the lower back), pelvis, upper limbs, and lower limbs.29

			A descriptive analysis of the cases was performed. The incidence and mortality rates were stratified by age, sex, and population group (as outlined in the FPS and police documentation). This was reported for the thermal burn cases, electrical burn cases, and all burn cases (thermal and electrical combined). The mortality rates (expressed per 100 000 per year) were calculated using the 2011 Census30 data for the Johannesburg FPS catchment area (estimated population size of 1 922 249) which includes the following areas: Johannesburg, Randburg, Sandton, Midrand, Alexandra, and Diepsloot. The population estimates (total population for the mortuary’s catchment area, and relative population size for each age group, sex, and population group) provided by the 2011 Census30 were used as denominators when calculating the burn mortality rates. 

			Ethical clearance for this study was provided by the Human Research Ethics Committee (Medical) (reference: M150315) of the University of the Witwatersrand and the principles of the Declaration of Helsinki were adhered to. The data set is available on request from authors.
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			Results

			Prevalence of fatal burns

			The Johannesburg FPS received a total of 185 thermal and electrical burn fatalities between the years 2010 and 2014, with an annual average of 37 cases. This constituted 1.5% of all unnatural deaths (N=12 591) and a mortality rate of 1.92 (all mortality rates reported are per 100 000). Thermal burns constituted 1.2% of all unnatural deaths (n=156) with a mortality rate of 1.62. Flame-related incidents were the most prevalent cause of thermal burns (n=123; mortality rate = 1.62) followed by scalding (n=23; mortality rate=0.24), and explosions (n=7; mortality rate = 0.07) (Table 1).

			Electrical burns were infrequent and only constituted 0.2% of all unnatural deaths, with a mortality rate of 0.30. Electrical burns were predominantly electrocutions (n=28, mortality rate = 0.29); with one case of a fatal lightning strike (mortality rate = 0.01) (Table 1).

			Table 1:	Population and sex breakdown of the incidence of burn mortalities (per 100 000) in Johannesburg from 2010 to 2014 

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Age range (years)

						
							
							0–9

						
							
							10–19

						
							
							20–29

						
							
							30–39

						
							
							40–49

						
							
							50–59

						
							
							60–69

						
							
							70–79

						
							
							80–89

						
							
							Total

						
							
							% Unnatural deaths

						
							
							Annual average

						
							
							Rate (per 100 000)

						
					

					
							
							Thermal burns

						
							
							25

						
							
							6

						
							
							35

						
							
							36

						
							
							14

						
							
							21

						
							
							5

						
							
							9

						
							
							5

						
							
							156

						
							
							1.2

						
							
							31.2

						
							
							1.62

						
					

					
							
							Cause of burn

						
							
							Flame

						
							
							16

						
							
							6

						
							
							29

						
							
							33

						
							
							12

						
							
							13

						
							
							4

						
							
							7

						
							
							3

						
							
							123

						
							
							1.0

						
							
							24.6

						
							
							1.28

						
					

					
							
							Scalding

						
							
							8

						
							
							0

						
							
							2

						
							
							1

						
							
							2

						
							
							5

						
							
							1

						
							
							2

						
							
							2

						
							
							23

						
							
							0.2

						
							
							4.6

						
							
							0.24

						
					

					
							
							Explosion

						
							
							0

						
							
							0

						
							
							3

						
							
							2

						
							
							0

						
							
							2

						
							
							0

						
							
							0

						
							
							0

						
							
							7

						
							
							0.1

						
							
							1.4

						
							
							0.07

						
					

					
							
							Not recorded

						
							
							1

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							0

						
							
							3

						
							
							0.02

						
							
							0.6

						
							
							0.03

						
					

					
							
							Sex

						
							
							Male

						
							
							12

						
							
							2

						
							
							25

						
							
							26

						
							
							7

						
							
							16

						
							
							4

						
							
							5

						
							
							2

						
							
							99

						
							
							0.8

						
							
							19.8

						
							
							1.03

						
					

					
							
							Female

						
							
							13

						
							
							4

						
							
							10

						
							
							10

						
							
							7

						
							
							5

						
							
							1

						
							
							4

						
							
							3

						
							
							57

						
							
							0.5

						
							
							11.4

						
							
							0.60

						
					

					
							
							Population group

						
							
							Black

						
							
							21

						
							
							6

						
							
							33

						
							
							33

						
							
							11

						
							
							15

						
							
							3

						
							
							1

						
							
							1

						
							
							124

						
							
							1.0

						
							
							24.8

						
							
							2.11

						
					

					
							
							White

						
							
							0

						
							
							0

						
							
							1

						
							
							2

						
							
							3

						
							
							3

						
							
							2

						
							
							7

						
							
							3

						
							
							21

						
							
							0.2

						
							
							4.2

						
							
							1.00

						
					

					
							
							Coloured

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							0

						
							
							2

						
							
							0.02

						
							
							0.4

						
							
							0.23

						
					

					
							
							Asian

						
							
							4

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							2

						
							
							0

						
							
							1

						
							
							1

						
							
							9

						
							
							0.1

						
							
							1.8

						
							
							1.39

						
					

					
							
							Other

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0.0

						
							
							0

						
							
							0.00

						
					

					
							
							Thermal burns mortality rate

						
							
							3.44

						
							
							1.07

						
							
							2.90

						
							
							3.60

						
							
							2.39

						
							
							(>50 years: 0.38)

						
							
							1.62

						
							
							–

						
							
							–

						
							
							–

						
					

					
							
							Electrical burns

						
							
							0

						
							
							0

						
							
							8

						
							
							11

						
							
							1

						
							
							9

						
							
							0

						
							
							0

						
							
							0

						
							
							29

						
							
							0.2

						
							
							5.8

						
							
							0.30

						
					

					
							
							Cause of burn

						
							
							Electrocution

						
							
							0

						
							
							0

						
							
							8

						
							
							10

						
							
							1

						
							
							9

						
							
							0

						
							
							0

						
							
							0

						
							
							28

						
							
							0.2

						
							
							5.6

						
							
							0.29

						
					

					
							
							Lightning

						
							
							0

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							1

						
							
							0.01

						
							
							0.2

						
							
							0.01

						
					

					
							
							Sex

						
							
							Male

						
							
							0

						
							
							0

						
							
							5

						
							
							8

						
							
							0

						
							
							9

						
							
							0

						
							
							0

						
							
							0

						
							
							22

						
							
							0.2

						
							
							4.4

						
							
							0.23

						
					

					
							
							Female

						
							
							0

						
							
							0

						
							
							3

						
							
							3

						
							
							1

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							7

						
							
							0.1

						
							
							1.4

						
							
							0.07

						
					

					
							
							Population group

						
							
							Black

						
							
							0

						
							
							0

						
							
							7

						
							
							8

						
							
							1

						
							
							6

						
							
							0

						
							
							0

						
							
							0

						
							
							22

						
							
							0.2

						
							
							4.4

						
							
							0.37

						
					

					
							
							White

						
							
							0

						
							
							0

						
							
							1

						
							
							3

						
							
							0

						
							
							3

						
							
							0

						
							
							0

						
							
							0

						
							
							7

						
							
							0.1

						
							
							1.4

						
							
							0.33

						
					

					
							
							Coloured

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0.0

						
							
							0

						
							
							0.00

						
					

					
							
							Asian

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0.0

						
							
							0

						
							
							0.00

						
					

					
							
							Other

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0.0

						
							
							0

						
							
							0.00

						
					

					
							
							Electrical burns mortality rate

						
							
							0.00

						
							
							0.19

						
							
							0.24

						
							
							0.36

						
							
							0.41

						
							
							(>50 years: 0.16)

						
							
							0.30

						
							
							–

						
							
							–

						
							
							–

						
					

					
							
							Thermal and electrical combined

						
							
							25

						
							
							6

						
							
							43

						
							
							47

						
							
							15

						
							
							30

						
							
							5

						
							
							9

						
							
							5

						
							
							185

						
							
							1.5

						
							
							37

						
							
							1.92

						
					

					
							
							Sex

						
							
							Male

						
							
							12

						
							
							2

						
							
							30

						
							
							34

						
							
							7

						
							
							25

						
							
							4

						
							
							5

						
							
							2

						
							
							121

						
							
							1.0

						
							
							24.2

						
							
							1.25

						
					

					
							
							Female

						
							
							13

						
							
							4

						
							
							13

						
							
							13

						
							
							8

						
							
							5

						
							
							1

						
							
							4

						
							
							3

						
							
							64

						
							
							0.5

						
							
							12.8

						
							
							0.67

						
					

					
							
							Population group

						
							
							Black

						
							
							21

						
							
							6

						
							
							40

						
							
							41

						
							
							12

						
							
							21

						
							
							3

						
							
							1

						
							
							1

						
							
							146

						
							
							1.2

						
							
							29.2

						
							
							2.48

						
					

					
							
							White

						
							
							0

						
							
							0

						
							
							2

						
							
							5

						
							
							3

						
							
							6

						
							
							2

						
							
							7

						
							
							3

						
							
							28

						
							
							0.2

						
							
							5.6

						
							
							1.33

						
					

					
							
							Coloured

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							0

						
							
							0

						
							
							2

						
							
							0.02

						
							
							0.4

						
							
							0.23

						
					

					
							
							Asian

						
							
							4

						
							
							0

						
							
							0

						
							
							1

						
							
							0

						
							
							2

						
							
							0

						
							
							1

						
							
							1

						
							
							9

						
							
							0.1

						
							
							1.8

						
							
							1.39

						
					

					
							
							Other

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0

						
							
							0.0

						
							
							0

						
							
							0.00

						
					

					
							
							Thermal and electrical burn mortality rate

						
							
							3.44

						
							
							1.07

						
							
							3.56

						
							
							4.70

						
							
							2.56

						
							
							(>50 years: 0.54)

						
							
							1.92

						
							
							–

						
							
							–

						
							
							–

						
					

				
			

			

			Demographics 

			For all burn types (thermal, electrical, and combined), the mortality rates were highest in black individuals (thermal = 2.11; electrical = 0.37; combined = 2.48) and in male individuals (thermal = 1.03; electrical = 0.23; combined = 1.25). The 30–39-year age group had the highest mortality rate for all burn types (thermal = 3.60; electrical = 0.36; combined = 4.70) (Table 1). The age group with the second highest mortality rate was 20–29 years for both electrical burns (0.24) and the combined thermal and electrical burn cases (3.56); and 0–9 years for thermal burns (3.44) (Table 1). 

			Temporal frequency

			There was an overall decrease in the total number of fatal burns from 2010 (n=58) to 2014 (n=16); however, there was a spike in the number of fatalities in 2013 (n=46) (Figure 1). Most fatal burn cases occurred in the cooler months (July–October), especially in July and August. Unusually, a relatively large number of deaths repeatedly occurred in the warmer month of February (with a particularly high number in the year 2013) (Figure 2). This pattern was common to both thermal and electrical burns (Figure 2).
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			Figure 1:	Yearly comparison of fatal thermal and electrical burn incidences in Johannesburg from 2010 to 2014. 
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			Figure 2:	Monthly comparison of fatal thermal and electrical burn incidences in Johannesburg from 2010 to 2014.

			Location

			The settlement typology and death scene were unknown in many cases because this information was not adequately recorded (in 39.4% and 30.8% of cases, respectively). The incidence of fatal burns was most common in residential settings (52% for both thermal burns and electrical burns). Fatal thermal burns typically occurred in suburbs and informal settlements (54% accumulative), particularly in houses and informal dwellings (56.6% accumulative) (Table 2). Fatal electrical burns were higher in the city and suburbs, in houses and places of employment (Table 2).

			Table 2:	Burn mortality death scenes in Johannesburg described by location and site

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Location

						
							
							Thermal

						
							
							Electrical

						
							
							Thermal and electrical

						
					

					
							
							Flame

						
							
							Scalding

						
							
							Explosion

						
							
							Not recorded

						
							
							Total

						
							
							Electrocution

						
							
							Lightning

						
							
							Total of electrical

						
							
							Total

						
					

					
							
							Settlement typology

						
					

					
							
							Not recorded

						
							
							42

						
							
							12

						
							
							5

						
							
							1

						
							
							60

						
							
							11

						
							
							0

						
							
							11

						
							
							71

						
					

					
							
							Suburb

						
							
							33

						
							
							8

						
							
							1

						
							
							0

						
							
							42

						
							
							6

						
							
							1

						
							
							7

						
							
							49

						
					

					
							
							Informal settlement

						
							
							42

						
							
							1

						
							
							0

						
							
							0

						
							
							43

						
							
							4

						
							
							0

						
							
							4

						
							
							47

						
					

					
							
							City

						
							
							3

						
							
							2

						
							
							0

						
							
							0

						
							
							5

						
							
							7

						
							
							0

						
							
							7

						
							
							12

						
					

					
							
							Other

						
							
							3

						
							
							0

						
							
							1

						
							
							2

						
							
							6

						
							
							0

						
							
							0

						
							
							0

						
							
							6

						
					

					
							
							Death scene

						
					

					
							
							House

						
							
							36

						
							
							14

						
							
							0

						
							
							0

						
							
							50

						
							
							7

						
							
							0

						
							
							7

						
							
							57

						
					

					
							
							Not recorded

						
							
							34

						
							
							5

						
							
							1

						
							
							3

						
							
							43

						
							
							8

						
							
							0

						
							
							8

						
							
							51

						
					

					
							
							Informal dwelling

						
							
							38

						
							
							1

						
							
							0

						
							
							0

						
							
							39

						
							
							1

						
							
							0

						
							
							1

						
							
							40

						
					

					
							
							Open area

						
							
							8

						
							
							0

						
							
							3

						
							
							0

						
							
							11

						
							
							5

						
							
							1

						
							
							6

						
							
							17

						
					

					
							
							Place of employment

						
							
							2

						
							
							2

						
							
							3

						
							
							0

						
							
							7

						
							
							6

						
							
							0

						
							
							6

						
							
							13

						
					

					
							
							Other

						
							
							5

						
							
							1

						
							
							0

						
							
							0

						
							
							6

						
							
							1

						
							
							0

						
							
							1

						
							
							7

						
					

				
			

			

			Description of burn severity

			Overall, burn injuries due to flames were common (≥60%) on all body regions, except for the feet (Figure 3). Scalding burns were common on the thorax, back, and abdomen (Figure 3). Burns that resulted due to explosions were commonly observed on the head, neck, thorax, back, abdomen, arms, and legs (Figure 3). 
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			Figure 3:	Body regions that exhibited thermal burn injuries in >60% of fatal burn cases caused by (a) flames, (b) scalding, and (c) explosion; on the anterior (left) and posterior (right) body surfaces.

			There was no clear pattern to the anatomical location of burns caused by electrocution; however, the electrical burns were observed on the chest in 57.1% of cases and on the right arm in 50% of cases. The single lightning case showed burn injuries noted on the head, neck, thorax, lower back, and left foot. 

			Overall, the feet were the least commonly burned body region (flames = 54.5%, scalding = 39.1%, explosion = 14.3%, electrocution = 7.1%) (Figure 3). In only 27% of all burn cases was the body thermally altered severely enough for a pugilistic posture to be adopted.
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			Discussion

			Mortality rate and cause of burns

			Fatal burns constituted only 1.5% of unnatural deaths received by the Johannesburg FPS. Thermal burns were more common and resulted in a higher mortality rate (1.2 per 100 000 per year) than did electrical burns (0.3 per 100 000 per year). Flames were the most common cause of fatal burns and the scene was often in a residential dwelling (formal and informal settlements). This scenario is common in South Africa as it has been observed in studies performed in other South African locations.13,17,25 The high number of fatal thermal and flame-related burns in informal residential areas is due, in part, to unsafe cooking appliances such as petroleum-based stoves.14 These stoves are cheap and portable. Furthermore, candles are often used as a light source. These unsafe appliances, combined with the flammability of the materials used to construct informal residences, non-compliance with fire safety standards31, and the close proximity and density of the dwelling structures allow for fires to spread quickly.

			Fatal electrocutions are relatively rare. In the USA, fatal electrocutions occur at a rate of 0.43 per 100 000 per year.32 Comparatively, Johannesburg experienced a similarly low mortality rate of 0.3 per 100 000 per year (only 28 cases in 5 years). Fatal electrocutions were observed only in individuals within the 20–59-year age bracket and occurred most often in city centres and suburban areas. A likely cause of these electrocutions is cable theft. There has been an ongoing escalation in cable theft in urban centres in South Africa as individuals attempt to retrieve the copper wires to sell. These thefts have led to the accidental electrocution and deaths of the culprits and the engineers who attempt to repair or maintain vandalised substations.33 This reason, however, is speculative as little information is provided in such cases and the claims of cable theft are often pronounced only by the media.2

			Demographics

			Overall, the Johannesburg burns mortality rate (thermal and electrical) was substantially higher in black men aged 20–39 years, than in any other racial, sex, and age group. Although the catchment area of the Johannesburg FPS is 61.2% black, 50.2% male, and 23% falls into the 20–39-year age group (the largest age group by number of individuals), the mortality rate for each group was disproportionally higher than their relative cohorts.

			Regions with a low socio-economic status often present with larger numbers of burn cases than regions with higher socio-economic status. Each of these regions is often predominately composed of particular population or ethnic groups, due to historical inequalities. Differences in burn mortality rates among racial and ethnic groups is a phenomenon that is observed globally and is related to socio-economic challenges. Socio-economic status has a greater impact on a group’s susceptibility to burns than do cultural or educational factors.15 It is therefore unsurprising that the black population in the Johannesburg region had a higher mortality rate, due to the catchment area’s predominantly low socio-economic status and the effects thereof on the population in the region.

			Generally, the mortality rate of male individuals tends to be higher than that of female individuals.34 There are numerous theories that have been proposed for why male individuals are more likely to be injured than female individuals, such as that they are socialised differently35,36 and tend to engage in activities that involve riskier behaviours and act more impulsively than female individuals37,38. These behavioural observations are general but have been observed in both young and adult individuals.15

			The higher mortality rate of male individuals, particularly in the 20–39-year age range, is also not unexpected as the fire mortality rate has also been found to be predominant in men in this age group in other studies in the USA and Australia.15,39,40 This is likely attributable to the employment and domestic activities of individuals in this age group.

			In Johannesburg, young children aged 0–9 years had a particularly high mortality rate due to thermal burns. This is a trend that corresponds to global trends. Globally, fire-related death rates occur most commonly in children under the age of 4 years.15 The death rate begins to increase again from the age of 15 years, which is related to the age-related changes in behaviours associated with risk-taking, exposure to hazards, and employment.7 Children in Africa are at a particularly higher risk for burns compared to the rest of the world. African infants have a three-times higher incidence rate of fire-related burns than the world average.41 A large number of factors influence the higher likelihood of young children being burned in Africa. Some of these factors may include the lower literacy, age, and education level of mothers, the limited availability and means to access healthcare services, combined cooking and living areas in a dwelling, the lack of smoke alarms and access to water in a residential space, and poor emergency response services.42 The increased mortality rate in young children can also be attributed to their stage of development which results in an increase in their motor skills and activity rates. This increases the chance of their coming into contact with harmful objects that could result in their being burned.15

			Temporal variations

			The global incidence of burns presented at emergency departments and hospitals has been declining since 1982, as has the number of fatal burns.15,43 The linear decline in the mortality rate due to burns is a general, global trend; however, annual and national variations are to be expected. This was highlighted in the overall decrease in the number of fatal burn cases in Johannesburg between the years 2010 and 2014, with a spike in 2013. Such variations to the general trend could be due to individual factors that impacted that year. Unfortunately, we cannot provide any reasonable explanations for the spikes in the year 2013 or the general increase in cases seen in the month of February. No probable causes related to climatic changes, population dynamics, or mortuary intake variances could account for the spikes in the respective mortality rates. It is possible that factors related to social, political, and environmental variations could be the cause15; however, the exact causes are currently not apparent. Ultimately, the decreasing burn mortality rate seen globally and in Johannesburg is a promising trend that is likely the result of increasing urbanisation and development. 

			Most fatal burn cases occurred in the winter months of July and August. The cooler temperatures result in people using unsafe heating appliances and open flames to warm themselves, which can be dangerous, especially to the very young and elderly. The winter season in Johannesburg is characterised as very dry with no precipitation. Large open fields of long dry grass, called veld, are common in urban areas. The dry grass and low moisture content often result in veld fires which are a safety hazard in urban areas.

			Anatomical regions

			The anatomical locations of burns can vary greatly because their causes are contextual. Thermal burns in general were common to the thorax, back, and abdomen. These were also the only body regions to be injured by scalding burns. Burn injuries due to flames exhibited the greatest spread over all body regions (excluding the feet). All thermal burns due to explosions displayed burns to the head, neck, back, and both arms. Fatal electrical burns exhibited very few wounds; however, burns were observed on the right arm in 50% of cases and the chest in 57.1% of cases. 

			Comparison with other South African studies 

			Previous studies have reported on fatal burns in Cape Town, Pretoria, and Mpumalanga, and a comparison with the Johannesburg data warrants further investigation. In Johannesburg, fatal burns constituted 1.5% (n=185) of the total number of unnatural deaths (N=1259), which included thermal burns (n=156; 1.2%) and electrical burns (n=29; 0.2%). We collected data from one mortuary, for a 5-year period (2010–2014). In Cape Town, fatal thermal burns constituted 4.6% (n=256) of the total number of unnatural deaths (N=5534). Fatal electrical burns were not reported on.13 The Cape town data were collected from two mortuaries, over 4 years (2010–2013).13 In Pretoria, fatal thermal burns constituted 3% (n=291) of the total number of unnatural deaths (N=9558). Fatal electrical burns were not reported on.17 The Pretoria data were collected from one mortuary, over 5 years (2011–2015).17 In Mpumalanga, a combined total of 304 cases of thermal and electrical burn mortalities occurred over a 2-year period (2007–2008) at 18 mortuaries.27 The number of fatal thermal burns and electrical burns were not reported individually and the total number of unnatural deaths was not reported.27

			Generally, Johannesburg had a lower mortality rate and lower incidence of fatal burns (overall, overall males, and overall females) than did Cape Town13, Pretoria17, and Mpumalanga27 (Tables 3–5). However, Johannesburg had a higher mortality rate in female individuals than did Cape Town13 (Table 3). Johannesburg had a generally higher mortality rate in the younger age groups than did Cape Town13 and Mpumalanga27; particularly the 0–24-year age group (Tables 3 and 5). Johannesburg also had a higher mortality rate in female individuals in the 0–38-year age range than did Cape Town13 and Mpumalanga27 (Tables 3 and 5). Johannesburg, Cape Town13, and Mpumalanga27 all had higher mortality rates in the later months of the year, compared to the earlier months (Tables 3 and 5). In particular, Johannesburg had higher mortality rates in June to August, compared to June to November in Cape Town13 (Table 3). Johannesburg and Mpumalanga27 both had higher mortality rates in August to October (Table 5). 

			Overall, Johannesburg had a lower mortality rate due to thermal and electrical burns compared to those reported in Cape Town13, Pretoria17, and Mpumalanga27. Although this finding is surprising, given the high population density in the region, it is a promising result. This is likely because the catchment area of the Johannesburg FPS covers a largely urbanised and developed region made up of formal dwellings with access to electricity. However, there were certain groups that had higher burn mortality rates in comparison to that in other areas in South Africa. This included young individuals (0–24 years) and female individuals aged 0–38 years. These groups typically experience a disproportionally higher burn incidence rate (as has been previously discussed). The reasons for their higher mortality rates in Johannesburg compared to the rest of South Africa is unknown and should be further investigated.

			Table 3:	Comparison of age, sex, population group, and seasonal burn mortality rates between Johannesburg and Cape Town (adapted from Van Niekerk et al.13)

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Age (years)

						
							
							Overall

						
							
							Male

						
							
							Female

						
					

					
							
							Cape Town

						
							
							Johannesburg

						
							
							Cape Town

						
							
							Johannesburg

						
							
							Cape Town

						
							
							Johannesburg

						
					

					
							
							0–15

						
							
							3.6

						
							
							12.7

						
							
							4.3

						
							
							11.0

						
							
							2.9

						
							
							15.4

						
					

					
							
							16–24

						
							
							7.4

						
							
							7.7

						
							
							9.6

						
							
							11.9

						
							
							5.2

						
							
							3.5

						
					

					
							
							25–38

						
							
							12.8

						
							
							11.3

						
							
							19.0

						
							
							21.8

						
							
							6.6

						
							
							7.6

						
					

					
							
							39–50

						
							
							10.9

						
							
							13.6

						
							
							15.5

						
							
							11.9

						
							
							6.3

						
							
							15.3

						
					

					
							
							51+

						
							
							5.2

						
							
							3.2

						
							
							6.4

						
							
							4.4

						
							
							4.1

						
							
							2.0

						
					

					
							
							Total

						
							
							7.9

						
							
							7.3

						
							
							10.9

						
							
							9.3

						
							
							4.9

						
							
							5.2

						
					

					
							
							Season

						
							
							Cape Town rate

						
							
							Johannesburg rate

						
					

					
							
							Summer (December–February)

						
							
							1.9

						
							
							1.5

						
					

					
							
							Autumn (March–May)

						
							
							1.7

						
							
							1.4

						
					

					
							
							Winter (June–August)

						
							
							2.3

						
							
							3.0

						
					

					
							
							Spring (September–November)

						
							
							2.4

						
							
							1.4

						
					

				
			

			

			Table 4:	Comparison of year, population group, and sex burn mortality incidences between Johannesburg and Pretoria (adapted from Morobadi et al.17)

			
				
					
					
					
					
					
					
					
				
				
					
							
							Year

						
							
							Pretoria

						
							
							Johannesburg

						
					

					
							
							Number of fatalities

						
							
							Number of burn fatalities

						
							
							% of burn fatalities

						
							
							Number of fatalities

						
							
							Number of burn fatalities

						
							
							% of burn fatalities

						
					

					
							
							2010

						
							
							–

						
							
							–

						
							
							–

						
							
							2459

						
							
							45

						
							
							1.8

						
					

					
							
							2011

						
							
							2037

						
							
							69

						
							
							3.4

						
							
							2422

						
							
							34

						
							
							1.4

						
					

					
							
							2012

						
							
							1919

						
							
							69

						
							
							3.6

						
							
							2339

						
							
							22

						
							
							0.9

						
					

					
							
							2013

						
							
							1817

						
							
							54

						
							
							3

						
							
							2653

						
							
							39

						
							
							1.1

						
					

					
							
							2014

						
							
							1862

						
							
							56

						
							
							3

						
							
							2718

						
							
							16

						
							
							0.6

						
					

					
							
							2015

						
							
							1923

						
							
							43

						
							
							2.2

						
							
							–

						
							
							–

						
							
							–

						
					

					
							
							Total

						
							
							9558

						
							
							291

						
							
							3

						
							
							12591

						
							
							156

						
							
							1.2

						
					

					
							
							Population group

						
							
							Number of burn fatalities

						
							
							%

						
							
							Number of burn fatalities

						
							
							%

						
					

					
							
							Black

						
							
							249

						
							
							85.6

						
							
							124

						
							
							79.5

						
					

					
							
							White

						
							
							30

						
							
							10.3

						
							
							21

						
							
							13.5

						
					

					
							
							Indian/Asian

						
							
							2

						
							
							0.7

						
							
							9

						
							
							5.8

						
					

					
							
							Coloured

						
							
							5

						
							
							1.7

						
							
							2

						
							
							1.3

						
					

					
							
							Unknown

						
							
							5

						
							
							1.7

						
							
							0

						
							
							0.0

						
					

					
							
							Total

						
							
							291

						
							
							100

						
							
							156

						
							
							100

						
					

					
							
							Sex

						
							
							Number of burn fatalities

						
							
							%

						
							
							Number of burn fatalities

						
							
							%

						
					

					
							
							Male

						
							
							214

						
							
							73.5

						
							
							99

						
							
							63.5

						
					

					
							
							Female

						
							
							75

						
							
							25.8

						
							
							57

						
							
							36.5

						
					

					
							
							Unknown

						
							
							2

						
							
							0.7

						
							
							0

						
							
							0.0

						
					

					
							
							Total

						
							
							291

						
							
							100

						
							
							156

						
							
							100

						
					

				
			

			

			Table 5:	Comparison of burn incidence mortality rates (per 100 000) between Johannesburg and Mpumalanga (adapted from Blom et al.27)

			
				
					
					
					
					
					
					
					
				
				
					
							
							Age (years)

						
							
							Overall

						
							
							Male

						
							
							Female

						
					

					
							
							Mpumalanga

						
							
							Johannesburg

						
							
							Mpumalanga

						
							
							Johannesburg

						
							
							Mpumalanga

						
							
							Johannesburg

						
					

					
							
							0–4

						
							
							4.5

						
							
							4.9

						
							
							5.4

						
							
							4.1

						
							
							3.7

						
							
							5.8

						
					

					
							
							5–14

						
							
							1.1

						
							
							1.2

						
							
							1.7

						
							
							1.1

						
							
							0.5

						
							
							1.4

						
					

					
							
							15–24

						
							
							1.7

						
							
							2.2

						
							
							2.3

						
							
							3.1

						
							
							1.0

						
							
							1.4

						
					

					
							
							25–34

						
							
							5.0

						
							
							4.7

						
							
							8.1

						
							
							6.3

						
							
							2.0

						
							
							2.9

						
					

					
							
							35–44

						
							
							6.2

						
							
							3.5

						
							
							9.4

						
							
							4.7

						
							
							3.7

						
							
							2.2

						
					

					
							
							45–54

						
							
							5.8

						
							
							–

						
							
							9.8

						
							
							–

						
							
							2.3

						
							
							–

						
					

					
							
							55+

						
							
							8.2

						
							
							–

						
							
							9.9

						
							
							–

						
							
							6.9

						
							
							–

						
					

					
							
							Crude all ages

						
							
							3.8

						
							
							1.9

						
							
							5.3

						
							
							2.5

						
							
							2.4

						
							
							1.3

						
					

					
							
							Location

						
							
							Mpumalanga

						
							
							Johannesburg

						
							
							Season

						
							
							Mpumalanga

						
							
							Johannesburg

						
					

					
							
							Where people live

						
							
							55.6%

						
							
							52.4%

						
							
							Summer (Nov–Jan)

						
							
							18.9%

						
							
							14.1%

						
					

					
							
							Other

						
							
							11.5%

						
							
							20.0%

						
							
							Autumn (Feb–Apr)

						
							
							22.2%

						
							
							20.5%

						
					

					
							
							Unknown

						
							
							32.9%

						
							
							27.6%

						
							
							Winter (May–Jul)

						
							
							25.6%

						
							
							27.0%

						
					

					
							
							 

						
							
							 

						
							
							 

						
							
							Spring (Aug–Oct)

						
							
							33.3%

						
							
							38.4%

						
					

				
			

			

			Limitations and recommendations 

			Limitations to the study included case file documents that were incomplete or lacking detail. In this study, we did not investigate the pathology of the burns and the causes of death, which can be further explored in future studies. Due to a large national backlog in toxicology testing in South Africa (an up to 7–10-year delay in test results), toxicology, blood alcohol concentration and blood carboxyhaemoglobin level were not explored in the present study. A comparison of the burn mortality rate between different manners of death (accident, homicide, suicide) was not included in this study because the manner of death is decided by the courts and not the Forensic Pathology Services. This information is not explicitly present in the medico-legal case file documents. The classification of burn levels (such as first-, second- and third- degree burns) was not presented as this is not typically reported in the autopsy reports. 
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			Conclusion

			A 5-year retrospective review of forensic medico-legal case files indicates that the following demographic groups are at greatest risk of fatal burns in Johannesburg, South Africa: black individuals, male individuals, and individuals in the 30–39-year age group. Thermal burns, as a result of flames, are the most common type of burn and are prevalent in the winter months, most notably in August. Electrical burns are relatively rare. Burn wounds are most common to the head, chest, back, and abdomen. Johannesburg has a lower burn mortality rate than other regions in South Africa. This study is the first to report on fatal burns in Johannesburg, South Africa.
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