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Abstract

A considerable number of patients present to hospitals in Eswatini each year following bites

by venomous snakes. Effectively diagnosing and treating patients with snakebite envenom-

ing requires healthcare workers to have a variety of generic and snakebite-specific medical

skills. In several countries, however, healthcare workers have been found to have limited

skills in managing snakebite patients. We used the Delphi method to adapt the Hennessy-

Hicks training needs analysis questionnaire to the context of snakebite envenoming and

subsequently used the adapted questionnaire to assess the self-perceived training needs of

90 healthcare workers from ten hospitals in Eswatini. Two-thirds (63%) of participants were

nursing staff and one third (34%) medical doctors. Overall, 74% of healthcare workers had

previously received training on snakebite. Although a training need was reported for all skills

included in the survey, the extent of the training need varied between different skills and

groups of healthcare workers. The highest average training need was registered in the

domains ‘research and audit’ and ‘clinical tasks’ with the latter accounting for nine of the ten

skills with the highest training need. Nurses reported a higher training need than doctors,

especially for clinical tasks. Receiving snakebite training before as well as after obtaining

the primary qualification was associated with the lowest average training need, particularly

in clinical skills. Ninety-three percent of interviewed healthcare workers would welcome

more frequent training opportunities on the clinical management of snakebite patients. This

newly developed snakebite training needs analysis tool can aid in adapting training initia-

tives to a dynamic and evolving healthcare workforce and it is designed to be transferrable

to snakebite endemic settings worldwide.
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Author summary

Snakebite envenoming is a life-threatening emergency occurring predominantly in low-

and middle-income countries in the Global South. Studies involving healthcare workers

in snakebite-endemic countries have indicated that recognizing and appropriately treating

snakebite envenoming can pose a challenge to healthcare staff. Reducing the deaths and

disabilities caused by snakebite envenoming, however, will require a strengthened, com-

petent and skilled healthcare workforce. In this study, a panel of international snakebite

experts designed a questionnaire based on skills essential to the clinical care of patients

with snakebite envenoming and which can be employed in any region around the world

to assess the snakebite-specific training needs of healthcare workers. The questionnaire

was subsequently used in a sample of healthcare workers in Eswatini, a country in which

snakebite envenoming is a public health concern. The measured training needs differed

according to the skill in question, participants’ profession and the extent and context of

previously received snakebite training. Healthcare workers who had attended specialized

snakebite training in the past had a markedly reduced training need for clinical skills. This

study provides a useful tool which can help tailor snakebite-specific clinical training initia-

tives to the needs of local and regional healthcare workers.

Introduction

Bites by venomous snakes are a public health problem throughout much of South America,

South Asia, and Sub-Saharan Africa and constitute challenging medical emergencies to deal

with at the public health as well as the clinical level. Globally, the annual incidence of snakebite

envenoming in humans ranges from 421 000–1 841 000, resulting in an estimated 20 000–94

000 deaths [1]. This makes snakebite envenoming the deadliest among the neglected tropical

diseases [2]. Victims of SBE are complex patients to diagnose and treat, requiring a variety of

skills on behalf of the involved healthcare staff. Local symptoms comprise of swelling and soft

tissue destruction, such as blistering, bruising and necrosis of the skin [3–5]. Systemic symp-

toms include signs of neurotoxicity (e.g. ophthalmoplegia, flaccid/respiratory paralysis), haem-

orrhage and symptoms of internal organ failure [3–5]. Identifying the snake species implicated

in a bite is often difficult, therefore a syndromic management approach is recommended,

based on knowledge of the medically important snakes in a region and their characteristic syn-

dromes of envenoming [4,5]. Facilities involved in the treatment of snakebite patients need to

be equipped and prepared to i) institute general resuscitative measures such as circulatory and

ventilatory support, ii) deal with local tissue complications, iii) administer antivenom and iv)

to manage complications associated with treatment [4–6]. Antivenom is currently the only

effective treatment available to neutralize circulating venom toxins [6], but antivenoms are

scarce, have limited geographical snake coverage, can cause adverse reactions [7–9] and are

generally unaffordable for the people they are meant to serve [10,11].

Multiple studies from different countries have shown that healthcare workers (HCWs) have

insufficient knowledge when it comes to the assessment and management of snakebite patients

[12]. For example, 40% of physicians and nurses in Laos were unaware of life-threatening syn-

dromes of envenoming, such as coagulopathy and muscular paralysis, following bites by

regionally endemic snakes [13]. Insufficient knowledge on snakes and syndromes of envenom-

ing also hampers the clinical evaluation of snakebite patients, including the decision of when

to give antivenom, the correct dosage [14,15] and how to recognize and treat adverse reactions
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[14,16]. In keeping with these findings, SBE is often either not part of medical/nursing training

[13,17] or is insufficiently covered by the curriculum [18,19], and post-graduate training

opportunities are still an exception [14]. Training on the management of patients with SBE has

been shown to increase knowledge [13,17], to result in better patient care and reduce snakebite

related mortality [20]. Improving and expanding training of HCWs in the field of snakebite

envenoming will be pivotal to achieving success in the goal formulated by the World Health

Organization (WHO) to halve snakebite-related morbidity and mortality by 2030 [21].

Eswatini is a land-locked country in southern Africa with a population of approximately 1.2

million [22]. In 2016, The World Bank estimated 36% of the population had an average daily

income below the international poverty line of USD 2.15/day [23]. Approximately half of the

labour force is employed in the agricultural and industrial sector [24] and more than half of

the entire population are thought to practice subsistence agriculture [25]. Snakebites are a

common occurrence in Eswatini, with an average of 466 snakebite cases recorded annually in

the national snakebite registry [7]. Highly venomous snakes of medical importance in Eswatini

include the Black mamba (Dendroaspis polylepis), the Snouted cobra (Naja annulifera), the

Mozambique spitting cobra (Naja mossambica), the Rinkhals (Hemachatus haemachatus), the

Puff adder (Bitis arietans), the Boomslang (Dispholidus typus) and the Vine snake (Thelotornis
capensis) [26]. However, this list is not exhaustive, and a number of other venomous snakes

exist as well. There are no medical schools in Eswatini, and snakebite training is partially cov-

ered in the emergency nursing courses of nursing training in Eswatini. Cognisant of the need,

regular in-service training of HCWs and the public has been organized by the Eswatini Anti-

venom Foundation (EAF) in recent years [27] and in collaboration with the Ministry of Health

(MoH). In addition, the treatment guidelines used in EAF training for many years were

adopted by the MoH in 2021 [26]. In the present study, we aimed to develop a snakebite-spe-

cific training needs assessment tool (SB-TNA tool) and to identify HCWs’ perception of their

training needs in snakebite management.

Methods

Ethics statement

Ethical approval was obtained from the Research Ethics Committee of the Liverpool School of

Tropical Medicine, United Kingdom (Reference LSTM REF 21–006) and the Eswatini Health

and Human Research Review Board, Eswatini (EHHRRB034/2021). Written informed consent

was obtained from participating Delphi panel members and HCWs prior to enrolment in the

study.

Study design

A Delphi methodology was employed to design the SB-TNA tool in 2021, which was subse-

quently used in a sample of Eswatini HCWs in the form of a cross-sectional survey (May-June

2022).

Preparation of the SB-TNA tool

The SB-TNA tool aimed to meet the following objectives: i) contain a broad and comprehen-

sive overview of key skills needed by HCWs to effectively manage SBE, ii) to be easily under-

stood by all tiers of HCWs, and iii) to conform to the specifications of the Hennessey-Hicks

Training Needs Analysis Questionnaire (HH-TNA tool) to uphold the psychometric proper-

ties of the originally validated instrument. The tool is designed to assess participants’ percep-

tions of their training needs by assessing competencies relevant for their individual job roles.
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By focusing on competencies rather than knowledge, we intended to assess the self-perceived

ability to translate knowledge into practice and to successfully achieve skills-related outcomes.

Moreover, the knowledge required to effectively treat snakebites depends on regional factors,

such as snake species, but competencies are universal qualities that can be applied to any con-

text and healthcare system and thus ensure transferability of the SB-TNA tool.

To design the SB-TNA tool, we adapted the original HH-TNA tool template, introduced by

Hennessy & Hicks at the University of Birmingham, and licensed to the WHO [28]. The

HH-TNA tool comprises of three subsections: 1) a demographic section, 2) a skills rating sec-

tion including 30 skills divided across five competency domains (research/audit, communica-

tion/ teamwork, clinical tasks, administration, management/supervisory tasks) relevant to the

participants’ job, and 3) a final open-ended section for participants to suggest their needs for

training, resources, and possible facility-and organizational improvements. The skills in the

core section of the HH-TNA tool are rated in two different categories, A and B, which aim to

measure the importance of the skill for one’s job role (A) and one’s personal performance on

the same skill (B). A 7-point Likert scale is used for rating the categories. A score of 7 for each

of the two respective categories indicates that a skill is very important (Category A) and is per-

formed very well (Category B). Conversely, a score of 1 is used to rate skills that are deemed

unimportant by the participant for their job role (on category A) and which are not well per-

formed (on category B). The questionnaire can be extended by an additional two categories, C

and D, using the same 7-point Likert scale. Category C serves as a measure of how much par-

ticipants believe the skill could be improved through organizational change and category D

captures in how far participants believe a skills-specific training could improve the skill in

question. As the information gathered using categories C and D can be used to design training

programs, we initially included these in the SB-TNA tool.

We first modified the demographic section of the HH-TNA tool to fit the context of clinical

snakebite management in Eswatini. Next, the skills rating section was adjusted to accommo-

date snakebite-specific aspects of training, education and experience. Skills for the clinical

management of snakebite patients were identified from the WHO clinical snakebite manage-

ment guidelines [4,5]. Five researchers with expertise in public health and/or the clinical man-

agement of SBE from the Liverpool School of Tropical Medicine reviewed the preliminary list

of skills. The draft version of the SB-TNA tool contained 60 skills, of which 30 were from the

original (HH-TNA) and 30 added by the research team. This skills list was subsequently used

as input for the first round of the Delphi panel. The ultimate aim of the Delphi procedure was

to condense the list of 60 skills down to a shorter list of the most relevant skills to create a

SB-TNA tool comprising core competencies of clinical snakebite management, and where

modifications did not exceed a replacement of 8 and an addition of 10 skills compared to the

original HH-TNA tool. These limits were applied to ensure the psychometric properties of the

instrument were not compromised [28]. The third and last section of the questionnaire con-

sisted of an open-ended question where participants were asked to indicate a need for training,

resources, as well as facility-and organizational improvements they thought necessary. This

third section was not changed. The final SB-TNA tool was pilot-tested in a small sample of

Eswatini HCWs prior to its use in the larger sample of HCWs.

The Delphi procedure and panellists

The absence of an evidence-based selection of skills relevant to the care of snakebite patients

required us to rely on an expert-panel to develop the SB-TNA tool. We therefore employed the

Delphi methodology as described by Woodcock et al. [29]. Panellists were selected based on

their expertise in the clinical management of snakebite envenoming in low-and middle-
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income countries. Panellists were approached via e-mail, which included a participant infor-

mation sheet with details of the study and a consent form that participants were asked to sign

to confirm their participation. A snowballing technique was employed, whereby the initial

group of potential panellists was encouraged to forward the Delphi invitation to peer experts

of their choice. The draft version of the SB-TNA tool containing 60 skills was circulated to the

Delphi panellists, who were asked to vote for each skill using the options ‘Keep’, ‘Remove’,

‘Modify’, or ‘Unsure’. Consensus was defined as an agreement of� 75% among panellists for

all Delphi rounds. Panellists were also provided with an open field for skills-specific sugges-

tions. The CREDES checklist for conducting and reporting Delphi studies [30] was used as

guidance (S1 Appendix).

Sample population of HCWs

HCWs from 10 health facilities with a combined healthcare workforce of 1133 HCW (1025

nurses, 108 doctors) and which routinely treat snakebite patients in Eswatini were included in

the study (Fig 1). The ten health facilities, comprised of clinics, health centres and hospitals

across the country, with differing types of available services (e.g. surgery, ICU, outpatient

only), and are a representative sample of the 20 health facilities that can treat snakebite patients

in Eswatini. Facilities were chosen to represent HCWs from the four administrative and the

four agro-ecological regions (Highveld, Middleveld, Lowveld and Lubombo plateau) of the

country (Fig 1). Two health centers (Dvokolowako Health Centre, Matsanjeni Health Centre)

and four hospitals (Good Shepherd Hospital, Mankayane Government Hospital, Piggs Peak

Government Hospital, Raleigh Fitkin Memorial Hospital) were government-operated, one of

which is run jointly with a mission (Good Shepherd Hospital). One hospital (The Luke Com-

mission) is run by a non-governmental organization and three clinics are operated by the

Royal Eswatini Sugar Corporation (RES). Facilities were selected to represent healthcare provi-

sion with different types of service delivery, with hospitals having surgical specialties and

intensive care (including ventilation) capacity whilst clinics provide only outpatient care. Con-

sequently, the cross-section of healthcare facilities was representative of those that routinely

manage snakebite patients.

Administration of the SB-TNA tool

All HCWs involved in patient care and who could potentially be tasked with caring for

snakebite patients were considered for inclusion in the study. HCWs not actively involved

with bedside patient care were not included. HCWs were selected after consultation with

the facility’s senior medical officers. In some facilities, senior medical officers delegated the

task of selecting HCWs to heads of department, doctors or matrons to ensure that inter-

views did not interfere with the working schedule. Peer-to-peer recruitment of HCWs was

common. The SB-TNA tool was administered in the form of interviews using the RedCap

(Research Electronic Data Capture) mobile app [32] by two persons, JS and EN, who trav-

elled to the involved health facilities in May and June 2022, shortly after the snakebite sea-

son (October-March) had ended. Interviews were conducted in English in a private setting,

either in quiet outdoor areas in or around the hospital, or behind closed doors, e.g. confer-

ence or consultation rooms.

Analysis

Demographic data was analysed using descriptive statistics. All statistical analyses were per-

formed using IBM SPSS statistics version 29. To identify skills associated with a training

need, the difference between importance and performance ratings was calculated. Ratings
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between groups of HCWs were analysed using independent samples t-test, Wilcoxon

signed-rank test or Mann-Whitney-U-test as appropriate. Participant responses to part

three of the questionnaire were reviewed and the most frequently mentioned resource gaps

were reported. Suitable quotes of participants were selected to provide details of the context

in which resource gaps and skill deficiencies were encountered, as well as on possible solu-

tions offered by participants.

Fig 1. Map of Eswatini showing the location of the ten health facilities included in the healthcare worker survey.

Based on geoBoundaries country dataset (CC BY 4.0 License) by Runfola et al. [31] and created using ArcGIS software

version 10.8.1, ESRI Inc., Redlands, CA, U.S.A (modified to include names of regions and hospital locations). ‘RES’

denotes clinics operated by the Royal Eswatini Sugar Corporation.

https://doi.org/10.1371/journal.pntd.0012778.g001
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Results

Development of the SB-TNA tool

During the first round of the Delphi procedure, fifteen panellists reviewed and commented

on the draft version of the SB-TNA tool that was shared in the initial e-mail. The professions

of panellists ranged from being a medical doctor (n = 10), nurse (n = 3), public health spe-

cialist (n = 1), clinical research assistant (n = 1) to researcher (n = 7). Of note, each individ-

ual could select multiple professions. For instance, several medical doctors were researchers

as well. Median time of involvement with the topic of snakebite was 15 years (1–45 years;

min-max). Panellists had gathered their experience in snakebite in the following countries:

Senegal, Ivory Coast, Ghana, Togo, Benin, Burkina Faso, Mali, Niger, Cameroon, Guinea,

Uganda, Kenya, Eswatini, South Africa, India, Sri Lanka, Papua New Guinea, Brazil and

Bolivia. In the first round, there was consensus amongst the panellists to keep 47 skills, of

which 30 were from the original HH-TNA skills list. Panellists proposed an additional six-

teen skills to the SB-TNA tool. General recommendations voiced by panel members were to

avoid a ‘vertical approach’, in which skills applicable to a wide range of tasks and diseases

are branded as ‘snakebite specific’. The underlying intention was to prevent the keyword of

‘snakebite’ from exaggerating the complexity of skills requiring similar capabilities and con-

siderations as in other diseases and situations. Moreover, emphasis was placed on designing

a SB-TNA tool that covers the breadth of facilities and treatment settings where snakebites

are endemic. Following the first round, eight panellists convened in an online forum using

Zoom [33] to discuss the content of the SB-TNA tool and the final skills to be included in

the instrument. Panellists were encouraged to maintain anonymity through using pseudo-

nyms, using the chat function, and disabling their webcams, but several panellists under-

took neither of these steps and remained identifiable. Aside from wording and phrasing,

participants were asked to anonymously cast a vote via private message to the lead

researcher for the inclusion/exclusion of each skill and to discuss possible mergers of similar

skills. The target was to arrive at a total of 40 skills to adhere to the modification limits set

forth by the developers. Attrition of respondents during the Delphi panel discussion in

round two and the need for the SB-TNA tool to conform to the specifications of the

HH-TNA tool required a final vote on 13 remaining skills. This vote was conducted by way

of an e-mail distributed to panellists, in which all modifications were approved. Overall,

eight of the original 30 skills of the HH-TNA tool were modified and ten additional skills

were added. Due to an error, the version of the SB-TNA tool used in the field did not con-

tain one skill related to the indications for antibiotic treatment of snakebite patients. This

mistake was only noticed once the SB-TNA tool had been administered. The SB-TNA tool

as approved by the Delphi panel, including the question on the indications for antibiotics in

snakebite, can be found in the S2 Appendix.

Piloting of the SB-TNA tool

The SB-TNA tool was pilot tested with three HCWs (registered nurses). Interviews were per-

ceived as lengthy, lasting ca. 45 minutes in total and especially the categories C and D were

found to be repetitive and potentially compromised the overall quality of the data collected.

Consequently, categories C and D were omitted, saving 15–20 minutes of interview time.

Removal of categories C and D does not affect the validity of the SB-TNA tool but reduces the

data available for choosing an effective method (training or organizational change) of deliver-

ing future training.
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Results of the training needs analysis in Eswatini HCWs

A total of ninety HCWs across the ten facilities were interviewed with a median of six HCWs

(IQR 5–14) interviewed per facility. The sample comprised approximately 8% of the combined

healthcare workforce working at the included facilities during the study year. Demographic

characteristics of study participants are presented in Table 1. Forty-eight (53%) HCWs regu-

Table 1. Demographic characteristics of HCWs (n = 90), experience in managing snakebite envenoming patients

and mean training need.

N (%) Mean training

need (SD)

All healthcare workers 90 (100) 1.85 (0.89)

Gender

Female

Male

43 (47.8)

47 (52.2)

2.07 (0.83)

1.65 (0.91)

Age

20-29

30-39

40-49

50+

18 (20.0)

44 (48.9)

16 (17.8)

12 (13.3)

2.03 (0.78)

1.87 (0.93)

1.78 (0.83)

1.61 (1.04)

Professional role

Nurse assistant1

Registered nurse2

Medical doctor

Other

6 (6.7)

51 (56.7)

31 (34.4)

2 (2.2)

2.51 (0.79)

1.99 (0.87)

1.38 (0.66)

3.49 (1.04)

Years since obtaining primary qualification3 (Median; IQR) 7 (4-13) --

Department4

Outpatient

Internal Medicine

Surgery

Accident and Emergency

Paediatrics

Maternity

Public Health Unit

Other5

62 (68.9)

44 (48.9)

21 (23.3)

35 (38.9)

21 (23.3)

23 (25.6)

13 (14.4)

2 (2.2)

--

--

--

--

--

--

--

--

Number of snakebite cases attended to in previous two years

0

1-2

3-9

10-20

>20

6 (6.7)

12 (13.3)

35 (38.9)

17 (18.9)

20 (22.2)

2.15 (1.16)

2.08 (0.77)

1.92 (0.86)

1.58 (0.94)

1.74 (0.89)

Sources of advice/guidance consulted by HCWs when managing snakebite

patients

Senior staff in own facility

Clinical guideline

Peers in own facility

Internet

External specialist snakebite team

Staff in another facility

Textbook

76 (84.4)

72 (80)

50 (55.6)

50 (55.6)

47 (52.2)

12 (13.3)

6 (6.7)

--

--

--

--

--

--

--

1 Certificate of nursing assistant (2 years of training, focus on essential practical skills)
2 Diploma in general nursing (3 years) or a bachelor of nursing science and midwifery (4 years). Both include more

theory and academic elements than the training for nursing assistant.
3 E.g. nursing or medical degree
4 Department where participant worked at the time at which the survey was performed. In case participants regularly

worked in different departments, multiple departments could be selected per participant.
5 Includes occupational medicine, administration, psychiatry department, pharmacy

https://doi.org/10.1371/journal.pntd.0012778.t001
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larly worked in two or more departments. Twenty-nine participants (32%) reported that they

had received training on snakebite management as part of their primary qualification. The

median duration of this training was 3h (IQR 2-8h). Fifty-nine participants (66%) indicated to

have received training on snakebite management in the context of continuous medical educa-

tion, such as lectures, symposia, seminars or courses. Taken together, 67 HCWs (74%) had

received training on snakebite at least once during their careers. The proportion of medical

doctors who had received training after completion of their primary qualification was higher

(n = 24, 77%) than that among nurses and nursing aides (n = 35, 61%). The majority of all

HCWs (n = 47, 52%) reported receiving training by the EAF and eleven participants had

received on-site training at their health facility. Two participants received their training

abroad. When asked to recall the content of the training, 55 HCWs (93%) who had received

such training (n = 59) stated that snakes, snake venoms and syndromes of envenoming were

discussed. Instructions on topics such as diagnosis, treatment of snakebite envenoming and

the management of adverse reactions to antivenom, were reportedly provided by 100%

(n = 59), 98% (n = 58) and 95% (n = 56) of training sessions, respectively. HCWs pointed to

multiple sources of guidance when managing a snakebite patient (Table 1). The Eswatini

National Snakebite Management Guidelines [26] were explicitly mentioned by 65 participants

and the proportion of HCWs who were aware of the guidelines (n = 51/65, 78%) was higher

among previously trained individuals than among non-trained HCWs (n = 14/23, 61%).

An overview of HCWs’ self-perceived mean performance and importance scores for all

forty skills is shown in Figs 2 and 3. HCWs on average rated all skills as being important to

very important, with no single skill having a mean importance rating of less than six.

Fig 2. Graph showing the mean importance and performance rating of all HCWs (n = 90) for skills ranked 1–20 according to mean training need. Skills

are ranked according to the difference between importance and performance ratings, which is depicted as the horizontal distance between the dashed and solid

lines. Skills were abbreviated; the exact phrasing of skills can be found in the SB-TNA tool provided in the S2 Appendix. An overview of skills grouped

according to domain is provided in the S3 Appendix.

https://doi.org/10.1371/journal.pntd.0012778.g002
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Recognition and treatment of circulatory shock had the highest mean importance rating (6.96;

SD 0.21). All ten skills with the highest mean importance rating belonged to the domain of

clinical tasks. Conversely, when HCWs scored their performance of skills, clinical tasks made

up seven of the ten lowest ranks. The lowest performance score was related to knowing indica-

tions for and risks of fasciotomy (mean performance rating 3.68; SD 1.98).

HCWs perception of their training needs

Mean importance scores were higher than self-perceived performance scores for all forty skills

(p<0.001), indicating a general training need. Overall, the highest training need (i.e. the differ-

ence between the importance and performance rating) was 2.88 (SD 1.89) and was related to

understanding specific considerations when tending to children, pregnant women and

patients with severe comorbidities affected by snakebite. The highest domain specific mean

training need was observed for research and audit (2.09; SD 1.19), followed by clinical tasks

(2.00; SD 1.06). Of the ten skills with the highest training need, nine belonged to the domain

clinical tasks. A comparison of training needs between different competency domains is pro-

vided in Fig 4. Lower domain-specific average training needs were observed for administrative

Fig 3. Graph showing the mean importance and performance rating of all HCWs (n = 90) for skills ranked 21–40 according to mean training need. Skills

are ranked according to the difference between importance and performance ratings, which is depicted as the horizontal distance between the dashed and solid

lines. Skills were abbreviated; the exact phrasing of skills can be found in the SB-TNA tool provided in the S2 Appendix. An overview of skills grouped

according to domain is provided in the S3 Appendix.

https://doi.org/10.1371/journal.pntd.0012778.g003
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skills (1.83; SD 1.22), management and supervisory tasks (1.56; SD 0.83) and communication

and teamwork (1.34; SD 0.85). HCWs reported higher training needs more commonly for

snakebite-specific skills, while general tasks applicable to a wider context of patient care had

lower training needs. Whilst this study was not powered to compare the different HCW cad-

res, it is worth noting that nurses (including nurse assistants) reported a higher training need

(n = 57, mean 2.05; SD 0.87) compared to medical doctors (n = 31, mean 1.38; SD 0.66;

p<0.001). This difference was most pronounced for clinical tasks (Fig 4). The higher self-per-

ceived training need of nurses was driven primarily by clinical skills outside of the normal

scope of work for nurses treating snakebite patients in Eswatini. Disaggregating the training

need of HCWs according to the type of training received showed that the average training

need was highest for HCWs who had only received training on snakebite while obtaining their

primary qualification (n = 8, mean 2.41; SD 0.62) (Fig 5). In descending order, the next highest

training need was observed for HCWs who had not received any form of snakebite training

(n = 23, mean 2.22; SD 0.93), training only after obtaining the primary qualification (n = 38,

mean 1.79; SD 0.80) and training during and after their primary qualification (n = 21, mean

1.35; SD 0.85). HCWs who did not receive training on snakebite after obtaining their primary

qualification had significantly higher training needs across all five domains (p<0.001) with the

largest gap related to clinical tasks (Fig 6). In general, training needs appeared to decrease with

increasing age and experience of treating snakebite patients (Table 1). In a post hoc analysis,

HCWs (n = 53) who were involved with the treatment of less than 10 snakebite patients in the

preceding two years had a training need (mean 1.98; SD 0.87) that did not statistically signifi-

cantly (P = 0.098) differ from the training need of HCWs who had managed� 10 snakebite

patients (n = 37; mean 1.67; SD 0.91).

Fig 4. Mean training need for medical doctors (n = 31) and nurses (n = 57) shown per competency domain. The number of skills per domain are 24

(Clinical tasks), 3 (Research and audit), 2 (Administration), 6 (Management and supervisory tasks) and 5 (Communication and teamwork). Error bars

represent standard errors.

https://doi.org/10.1371/journal.pntd.0012778.g004
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Improvements to snakebite care suggested by HCWs

When asked in the third section of the SB-TNA tool to provide ideas on how the medical treat-

ment of snakebite patients could be improved, three main resource gaps were highlighted by

HCWs. These included training, mentioned by 84 HCWs (93%), availability of antivenom

(n = 61, 68%) and the need for more ventilators (n = 19, 21%).

There were a range of suggestions on how training sessions could be offered and imple-

mented. The value of the annual national snakebite symposia and snakebite training offered by

the EAF was underlined. Additionally, several HCWs highlighted the value of on-site trainings

as these would enable more HCWs to attend. Many participants also said they would welcome

trainings being offered more frequently.

‘Bedside teaching, for e.g. now there is a snakebite patient in the ward, so going by the patient
with the team and discussing.’ [JS 14, Registered nurse; Mean training need on ‘clinical

tasks’ domain 2.67]

‘And then training should be several days, so that you can immerse yourself in the subject.
And seeing the snakes yourself would also help to remember and learn about snakebite.’ [EN

14, Registered nurse; Mean training need on ‘clinical tasks’ domain 3.17]

‘Currently there is only annual EAF training in Simunye. Downside is that people who are at
work cannot attend.Workshops by EAF should be held more frequently.More on-site training
at facility. More guidelines and posters on treatment of snakebite would be helpful.’ [JS 51,

Medical doctor; Mean training need on ‘clinical tasks’ domain 1.54]

Fig 5. Training need of 90 HCWs who either did or did not receive different forms of training on snakebite management during different stages of their

education/ careers. Group sizes are as follows: Training during primary qualification (n = 8), No training (n = 23), Training after primary qualification only

(n = 38), and Training during and after primary qualification (n = 21). Error bars represent standard errors.

https://doi.org/10.1371/journal.pntd.0012778.g005
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HCWs highlighted a range of additional topics to be included in snakebite training, such as

the pharmacology of antivenom and why it is not appropriate for all snakebites, how to deal

with adverse antivenom reactions, wound care, the psychological implications following a bite

event and how to educate communities and patients on snakes and snakebite. Trainings

offered by EAF cover a comprehensive list of topics (S4 Appendix) and the same are included

in the national snakebite treatment guidelines.

‘How to recognize when antivenom needs to be given. Sometimes antivenom is given when not
needed, then no more vials left.Management of anaphylaxis.’ [JS 31, Medical doctor; Mean

training need on ‘clinical tasks’ domain 1.96]

Besides antivenom and ventilators, HCWs highlighted the need for additional intensive

care unit beds and health products normally used for snakebite patients (e.g. dressings for

wound management). Note, at the time this survey was administered, there was only one poly-

valent antivenom registered for use in Eswatini. The manufacturer was experiencing signifi-

cant supply challenges affecting the entire southern African region.

‘Two years back a 5-year-old boy died because antivenom was unavailable.’ [JS 43, Medical

doctor; Mean training need on ‘clinical tasks’ domain 0.96]

‘Ventilatory support is lacking, only ventilators are in intensive care unit. No ventilator on the
emergency room.’ [JS 25, Registered nurse; Mean training need on ‘clinical tasks’ domain

2.75]

Fig 6. Mean training need for HCWs who received training on snakebite management after completing their primary qualification (n = 59) versus

HCWs who had not (n = 31). The number of skills per domain are 24 (Clinical tasks), 3 (Research and audit), 2 (Administration), 6 (Management and

supervisory tasks) and 5 (Communication and teamwork). Error bars represent standard errors.

https://doi.org/10.1371/journal.pntd.0012778.g006
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‘Special dressings for cytotoxic bites, for necrotic wounds. Those dressings had holes, do not
remember the name.’ [JS 50, Nurse working in the pharmacy; Mean training need on ‘clini-

cal tasks’ domain 4.33]

Discussion

The global push to accurately appraise the burden of snakebite, develop novel diagnostic and

therapeutic tools and to ultimately reduce the morbidity and mortality associated with SBE

will largely rely on the skills and competencies of frontline HCWs [21]. We therefore devel-

oped a snakebite-specific training needs analysis tool based on a previously validated instru-

ment and subsequently used this tool to assess HCWs’ perception of their snakebite-related

training needs in Eswatini. The convened Delphi panel members had diverse professional

backgrounds and eleven of the fifteen panellists brought extensive clinical experience to the

discussion. The latter was clearly reflected in panellists’ consensus to exchange questions per-

taining to specialized research skills (e.g. study design; statistical analysis) for questions very

much related to essential emergency care of snakebite patients. Importantly, maintaining

generic skills as such in the SB-TNA tool is highly relevant, since they are particularly sensitive

to spill-over effects from non-snakebite related vertical and horizontal training initiatives [34]

and should therefore be adequately accounted for.

In terms of age, this sample of HCWs is relatively young, but is consistent with the age dis-

tribution of the general healthcare workforce in Eswatini [35]. As doctors are far fewer in num-

ber than nurses and given their supervisory roles in patient care, doctors were sampled more

proactively with the secondary intention of ensuring a sufficient group size for comparative

analyses of training needs. The ratio of doctors to nurses is therefore not representative of the

true ratio of doctors to nurses in Eswatini [35].

We found that Eswatini HCWs are experienced at caring for snakebite patients, with nearly

half of all interviewed HCWs having tended to�10 snakebite patients in the two years prior to

this study. However, HCWs did not perceive themselves to have the necessary skills to meet

this demand, and reported training needs for all skills included in the SB-TNA tool. The high-

est average domain-specific training need was identified for research-related skills, although

this category was only represented by three skills on the SB-TNA tool. Our questionnaire did

not enquire to what extent research skills were part of participants’ primary training, but

research skills are not part of the snakebite medical management training activities regularly

offered by the EAF, which many HCWs had attended [36]. General health research capacity in

Eswatini is 47 full-time equivalent (FTE) health researchers per 1 million inhabitants, which is

below the average (62 FTE health researchers per 1 million inhabitants) for low and middle-

income countries [37]. Improving research skills of HCWs at the clinical and public health

level is integral to strengthening health research capacity and to addressing important evidence

gaps in SBE [38]. There are ongoing initiatives such as the D43 Programme to strengthen pub-

lic health research in Eswatini, however, these initiatives are primarily focused on HIV/TB

[39]. Snakebite-specific research capacity is being addressed through the African Snakebite

Alliance, in which Eswatini is a core member [40].

The self-perceived clinical training priorities of Eswatini HCWs are comparable to other

countries, although the specific topics differed. For example, knowledge-based questionnaires

in other countries identified knowledge gaps among HCWs in snake identification, correctly

identifying syndromes of envenoming [13,15,19,41] and antivenom administration

[14,17,19,42]. Whilst the domain of clinical tasks had a high training need, it was also the

domain with the largest decrease in training need among participants who had received
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training after completion of their primary qualification. This confirms that the training ses-

sions provided in the past, most of which were organized by the EAF, effectively addressed one

of the most urgent training needs. The positive effect of training on snakebite-specific knowl-

edge scores has been repeatedly shown [13,17,42–45]. Importantly, the benefits of regular in-

service training can extend beyond the acquisition of task-specific skills through increasing

HCW morale, motivation, job satisfaction and organizational commitment [46,47]. HCWs in

our study, and in other countries [48–50], have repeatedly expressed their wish to receive regu-

lar training on managing snakebite patients. In the context of the HCW brain-drain affecting

many snakebite endemic areas [51], the potential positive effect of training on workforce

retention is an important consideration.

In designing future training initiatives, the question of ‘who needs to be trained?’ is equally

important to the question of ‘what content needs to be trained?’. Selecting HCWs who have

not yet received specialized instructions on snakebite management could maximize the utility

of future training initiatives in Eswatini. Furthermore, HCWs not directly involved with the

care of snakebite patients should be considered for training, to ensure these staff are equipped

to handle snakebite patients when they are rotated between clinical departments or health

facilities, as is the norm in low and middle-income countries. Potential trainees can further be

selected based on profession. Compared to doctors, nurses’ training needs were particularly

increased for skills that fall outside their standard responsibilities in the context of Eswatini

healthcare institutions. This warrants further investigation to better understand nurses’ per-

ception of the importance and their performance of these skills to their role and scope of work,

and how these are aligned to the national snakebite treatment guidelines. The in-country train-

ing of nurses in Eswatini provides an opportunity for addressing this training need at the level

of primary job training. Unexpectedly, HCWs who had never received any form of training on

snakebite management had a similar training need as HCWs who had received snakebite

training as part of their primary qualification. Since we did not contrast HCWs’ self-perceived

training needs with their actual skills, it is not possible to say whether HCWs without training

overestimated their competencies or did in fact have skills derived from sources other than for-

mal training (e.g. experience). Ameade et al. [43] found that HCWs in Ghana who had never

received training on snakebite perceived their knowledge to be higher than their actual knowl-

edge. HCWs who are introduced to the topic of snakebite management during their primary

professional training are potentially more sensitive to the scope of competencies this patient

category requires, endowing them with a better ability to calibrate their self-assessment [52].

Knowledge gaps have been attributed to snakebite envenoming being absent or insuffi-

ciently incorporated into medical and nursing teaching curricula [13,17–19]. However, in our

sample one third of participants stated that snakebite was discussed during their primary pro-

fessional training and 74% had had snakebite management training in one form or another at

some point during their careers. The proportion of HCWs previously trained in snakebite

management was thus substantially higher than reported elsewhere [17,43,44,53]. The rela-

tively small population and geographic size of Eswatini, the moderate number of nationwide

health facilities, combined with the years-long advocacy of the EAF [36,54] has likely contrib-

uted to the extensive reach of specialized snakebite trainings. Targeted and specialized snake-

bite trainings in Eswatini have been shown to be successful in capacitating HCWs to manage

snakebite envenoming. Building capacity in other countries will require resources and collabo-

ration with local and international experts in the field of SBE. Nonetheless, the Delphi panel

convened for this study also emphasized the importance of generic clinical skills in the treat-

ment of snakebite patients. By identifying diagnostic and treatment principles that are com-

mon to snakebite envenoming and other diseases, training initiatives could reach more

healthcare workers, while delivering a clinical skills-set with universal applicability [55].
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Strengths and limitations

Shortcomings in the development of the SB-TNA tool included attrition of respondents

between the first and second round of the Delphi process and a lack of anonymity during the

panel discussion, which could have led to a certain degree of response bias and ‘group think’

[56, p. 102]. For practical reasons we omitted categories C and D from the SB-TNA tool,

which precluded us from assessing whether participants favoured organizational change or

targeted training to improve specific skills. However, we found that answers provided in the

open-ended section of the SB-TNA tool at least partially addressed these questions. The impact

of the missing question on indications for antibiotics following SBE on the validity and reli-

ability of the SB-TNA tool is likely minor, as this question belonged to the most represented

domain on the SB-TNA tool, namely clinical tasks. Performing the survey in the form of an

interview instead of allowing participants to rate skills in private might have introduced some

level of bias into the results. In particular, the consistently high importance ratings across all

skills could potentially be related to social desirability bias, although this trend also appeared

in other studies employing the HH-TNA tool [57–59]. While statistical comparisons between

different groups of HCWs were performed, these are largely exploratory and not based on a

priori sample size calculations. Care was taken to select facilities that are representative of

those treating patients with SBE across all of Eswatini, with HCWs recruited from 10 of the 20

facilities that have the infrastructure and human resources to treat snakebite. It must be

emphasized that the SB-TNA tool measured self-perceived training needs and not actual com-

petency of healthcare workers. Future studies could assess the degree to which HCW training

translates into better clinical outcomes.

Conclusion

HCWs in Eswatini regularly manage snakebite patients. Our modified SB-TNA tool detected

differences in HCWs’ self-perceived training needs for various skills in snakebite management

and between different subgroups of HCWs. Overall, training needs were most marked for

research-related and clinical skills and nurses reported a higher training need than doctors.

The SB-TNA tool is designed to be transferrable to other snakebite endemic settings around

the world, where its utility and merit ought to be explored further. The extent to which snake-

bite training programs are effective at improving clinical outcomes remains a question to be

addressed in the future.
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