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Abstract

Background

Snakebites are a neglected public health problem that pose a significant burden on affected

individuals and communities in many sub-Saharan African countries, including Uganda.

However, the barriers and facilitators to snakebite management within healthcare settings

are not as well understood and well-documented. The aim of this study was to explore the

experiences and perspectives of healthcare workers involved in handling snakebite inci-

dents at individual and health system levels in Arua and Gulu districts in Northern Uganda.

We sought to understand how healthcare workers manage snakebite cases, what chal-

lenges they encounter, and what opportunities they perceive for improvement.

Methods

We conducted a qualitative study using in-depth interviews with 18 healthcare workers from

different cadres, seniority levels, and facility types. We used iterative thematic analysis to

explore the management procedures, challenges, and opportunities for snakebite manage-

ment. Using thematic analysis, we identified the overarching themes and subthemes related

to snakebite management and associated barriers and opportunities.

Results

The main barriers to snakebite management identified by healthcare workers were inade-

quate knowledge and skills; limited availability of antivenom; lack of protocols for snakebite

management; delayed treatment-seeking for patients; and poor referral systems. The main

opportunities for improvement were regular in-service training; increasing public education

and awareness about snakebite prevention and management; and increased funding and

research.
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Conclusion

This study highlights the need for interventions to address the identified barriers while

leveraging the existing opportunities to enhance snakebite management in Uganda. Specifi-

cally, we recommend the provision of regular training and support to healthcare workers,

developing clinical guidelines, and improving the availability of antivenoms.

Introduction

Snakebite envenomation (SBE) kills more people than any other neglected tropical disease, yet

it remains underfunded and under researched globally [1]. About five million people world-

wide suffer from snakebites every year, resulting in over 100,000 deaths and serious disabilities

[2]. The majority of snakebite victims live in low- and middle-income countries (LMICs),

where access to health care and antivenom is limited and variable. In Africa alone, 435,000 to

580,000 people are affected by snakebites annually [2, 3]. SBE can cause severe multi-organ or

multi-system damage, such as hemorrhage, paralysis, tissue necrosis, muscle breakdown, car-

diotoxicity, acute kidney injury, hypovolemic shock, and death [4]. Therefore, snakebite is a

medical emergency that requires prompt and accurate diagnosis and treatment [5]. However,

the availability and quality of antivenom and other snakebite therapeutics are inadequate and

variable across regions [6, 7] Moreover, healthcare workers often lack formal training and

knowledge on how to manage snakebite cases effectively, including providing first aid, identi-

fying snake species, administering antivenom, and monitoring patients [8, 9].

In Uganda, snakebite affects 101 out of every 100,0000 people annually, with the Northern

region being one of the high-incidence areas due to its tropical location and diverse snake

fauna [10, 11]. However, the disease burden and the social and economic impacts of snakebite

are difficult to estimate because of poor data collection, limited access to health care, and low

awareness among affected communities [2]. Moreover, Uganda has a variety of snake species

with different venom profiles [11] which poses a challenge for the clinical diagnosis and treat-

ment. Different snake species require different types of antivenom and treatment protocols,

which are often unavailable or inadequate in most health facilities in Uganda [12].

There is an urgent need for drug discovery programs to expand the snakebite drug portfolio

and to overcome the challenges of developing single-drug or combination drug therapies for

different types of envenomation [6]. Moreover, improving the health system capacity and per-

formance for snakebite care is essential for achieving universal health coverage (UHC) by

2030, as it involves the same components as providing quality health care for all people [13]. In

Uganda, there is a lack of studies on the burden of snakebites and the health facility capacity to

manage this public health challenge. Moreover, most facilities do not have antivenom and

drugs for supportive treatment, which compromises the quality of snakebite care. While other

countries have identified factors such as inadequate regulatory framework, limited funding,

and high hospital costs as barriers to effective snakebite management, no such studies have

been done in Uganda [8, 14]. Therefore, this study aimed to explore the perspectives of health-

care workers on the management of snakebites, including the challenges and opportunities for

improving the situation.

Methods

Study setting

The study was conducted in Arua and Gulu districts of Northern Uganda, which are endemic

for snakebite envenomation (Fig 1). The region has a tropical climate with a single rainy
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season from March to October, in contrast to the rest of Uganda which has two rainy seasons

[15]. The temperature ranges from 15˚C in July to 30˚C in February, with an average of 25˚C

[16]. These conditions favor snake habitats, especially when there is plenty of vegetation and

food during the rain. Some of the snakes commonly found in the region are the black mamba,

the puff adder, the cobra, and the python [17]. These districts are mostly rural, with many

bushes providing good conditions for snakebites [18]. Gulu district has a population of

443,733 people and 65 health facilities (33 public, 15 private and 17 private-not-for-profit

(PNFP)), while Arua district has a population of 750,000 people and 58 HCFs (36 public, 17

private, and 5 PNFPs). The regional referral hospitals have different categories of healthcare

workers who handle snakebite cases at both outpatient and inpatient departments. The health-

care workers receive training from different training, and are registered and licensed by differ-

ent professional bodies under the Ministry of Health.

Participants

We recruited 18 healthcare workers from four HCFs in Arua and Gulu districts using purpo-

sive sampling in May 2022. The HCFs included two public regional referral hospitals (Arua

and Gulu) and two private-not-for-profit hospitals (Pioneer and Lacor). The healthcare work-

ers included 7 males and 11 females. They had different professional backgrounds, such as

Fig 1. Map of Uganda showing Arua and Gulu districts.

https://doi.org/10.1371/journal.pone.0291032.g001
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physicians, nurses, pharmacists, laboratory technicians, and clinical officers. They also had dif-

ferent levels of experience in managing snakebite cases, ranging from 1 to 15 years. We

selected the healthcare workers based on their involvement in triage, diagnosis, treatment, or

laboratory work related to snakebite management. We obtained administrative clearance from

the director or in-charge of each facility and informed consent from each participant before

conducting the interviews.

Data collection procedures

We used an in-depth interview (IDI) guide to collect data from the healthcare workers. The

IDI guide consisted of open-ended questions that explored the healthcare workers’ challenges

and opportunities for improving snakebite management. The questions were developed based

on the input of neglected tropical diseases (NTD) clinical and research experts and a review of

the existing literature on snakebite management [19–21]. The IDI guide was pilot-tested with

two healthcare workers from a different facility and revised accordingly. The IDI guide had

good face validity and content validity as assessed by the research team. We then conducted

semi-structured interviews with the healthcare workers using the IDI guides in English lan-

guage. The interviews were conducted face to face by three male research assistants who had

training in qualitative research methods and held at least a bachelor’s degree in medical sci-

ences. The interviews took place at a convenient time and location for each participant, either

at their workplace or at a nearby office. No external individuals were present during the inter-

views. The interviews lasted between 25 to 50 minutes and were audio-recorded with the per-

mission of the participants. We also took field notes during and after each interview to capture

our observations and reflections. We stopped data collection when we reached theoretical sat-

uration [22], meaning that no new information or themes emerged from the interviews.

Research team and reflexivity

Personal characteristics. The interviews were conducted by three male research assistants

with prior experience in qualitative research interviewing. The investigation team consisted of

a physician with vast snakebite clinical experience, as well as a clinical research expert with a

Master of epidemiology.

Connection with participants. There was no history between interviewers and any of the

participants. All participants were first informed by their unit leads about the invitation to par-

ticipate and schedule an interview date. At the start of the interview, the interviewers made a

personal introduction to each participant and gave a brief overview of their position within the

study.

Data analysis

We transcribed the audio recordings verbatim and checked them for accuracy. We then

imported the transcripts into Atlas ti software for coding and analysis. Data were analyzed

through thematic analysis by two researchers. Using Atlas ti, these researchers independently

coded the transcripts, marking sections of text that contained important concepts and giving

them descriptive labels. They then reviewed their codes and reached a consensus on a final

coding scheme by making iterative adjustments. The full coding scheme is available (S1 File).

From the codes, they identified themes and subthemes that reflected the patterns and topics in

the data. They also explored how the themes and subthemes were related to each other and to

the research questions. We ensured the trustworthiness of the analysis through peer debriefing,

and reflexivity.
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Ethical considerations

We followed ethical guidelines and obtained approval from two relevant institutions: Makerere

University School of Public Health Higher Degrees, Research and Ethics Committee (HDREC

Ref No: SPH-2021-210) and Uganda National Council for Science and Technology (UNCST;

Ref No: HS2121ES). We respected the autonomy and confidentiality of the participants. We pro-

vided them with a participant information sheet in English, which clearly explained the purpose

and process of the study. They were given ample time, at least an hour, to carefully review the

information before granting their written informed consent. We also answered any questions

they had and introduced them to the research assistants who would conduct the interviews. We

did not collect any personal identifiers from the participants and we stored and backed up the

data securely on passcode-protected drives that only the principal investigator could access.

Results

Participant characteristics

Out of 22 healthcare workers invited, 18agreed to participate in this study. These included 10

nurses (55.6%), 5 medical officers or consultants (27.8%), and 3 laboratory personnel (16.7%).

The healthcare workers included 7 males (38.9%) and 11 females (61.1%), with a mean age of

35 years (SD = 5.6). They had different levels of experience in managing snakebite cases, rang-

ing from 1 to 15 years (M = 6.7, SD = 4.2). The majority of participants (11) worked at Arua

Regional Referral Hospital, while 2 were based at Gulu Regional Referral Hospital, 1 at Rheema

Hospital, and 4 at St. Mary’s Hospital Lacor (Table 1).

Emerging themes

The main emerging themes in the management of snakebite cases included knowledge about

management procedures, including the use of clinical guidelines and supportive treatments

such as local first aid; the importance of healthcare workers’ knowledge on signs, symptoms,

and species identification for effective management. Challenges identified include the lack of

up-to-date robust clinical guidelines, delayed health-seeking behavior, limited knowledge and

Table 1. Participant recruitment per health facility.

Characteristics. Number (N = 18) Percent (%)

Sex of the participants

Male 07 38.9

Female 11 61.1

Cadre

Nurses 10 55.6

Medical officers or consultants 05 27.8

Laboratory personnel 03 16.7

District

Arua 12 66.7

Gulu 06 33.3

Health facility

Arua Regional Referral Hospital 11 61.1

Gulu Regional Referral Hospital 2 11.1

Rheema hospital 1 5.6

St. Mary’s hospital Lacor 4 22.2

Age in years [Mean (SD)] 18 35.6 (9.5)

Years of experience [Mean (SD)] 18 6.7 (4.2)

https://doi.org/10.1371/journal.pone.0291032.t001
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skills among healthcare workers, inadequate availability and high cost of antivenoms, and

poor referral systems. Opportunities for improvement involve increasing awareness and edu-

cation among healthcare workers and the general public, conducting research for better man-

agement practices and alternative treatments, and securing funding for adequate resources.

Snakebite management procedures and health workers’ knowledge

Management procedure. The participants expressed knowledge about snake manage-

ment at health facility level, as well as acknowledged that snake bites are dangerous and if not

timely treated, can result in permanent disability, disfigurement, or even death. Fortunately,

they self-reported/appraised themselves on the need to use clinical guidelines in the manage-

ment of snake bites. For example, the participants noted that management of cases was based

on the snakebite management guidelines and any available health facility-specific protocols.

The participants showed knowledge on the supportive treatment procedures including local

first aid and history taking from the cases that happen at the health facilities which is usually

done when a patient is rushed there.

“. . .When you are rushed to the hospital before the anti-venom is given, they first give you IM
or IV of hydrocortisone to neutralize the poison it has left in your body. After neutralizing
with hydrocortisone, you are given also IV (antihistamines) to give you strength. Then you are
given anti-snake venom and you are also subjected to a PPF [procaine penicillin fortified]
treatment of 5 days."

(Nurse -Screening and linkage, IDI–1)

Participants emphasized that history taking and the local first aid provided at home were

important for determining the type and severity of the snake bite. They emphasized these proce-

dures give good guidance to guide the kind of supportive treatment to provide to the patients.

“If the client has given you good history of the snakebite and the type of the snake which has
bitten him or her, then that is what we normally rely on that to give the treatment. Because
there is not normally much investigation [such as] those laboratory investigations to deter-
mine whether this one (snake involved) is poisonous.”

(Nursing officer, IDI–6)

The study found that snake envenomation treatment involved first aid and adjuvant interven-

tions. Some of the health facilities had a displayed protocol for managing patients, which most

healthcare workers referred to. They also mentioned the Uganda Clinical guidelines 2016 and

2020 as reference materials for all health-related conditions and procedures. One nurse remarked

"[When handling these cases], we always refer ourselves to Uganda clinical guidelines, which
provides brief information about [management of] those bites and stings. All the healthcare
workers are given clinical guidelines of 2007, not the new updated one of 2020, because very
few of them got it."

(Nurse, IDI–13)

Snakebite diagnosis based on signs and symptoms. The study explored the knowledge

and practices of healthcare workers regarding snakebite management. One key aspect was the
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process of identifying the type of snake that caused the bite. The participants admitted that

patients often cannot provide accurate information about the snake’s color or species. There-

fore, healthcare workers diagnose snakebites based on signs and symptoms. For example, for

neurotoxic snakebites, they look for sweating, emasculation, and drooling of saliva. For cyto-

toxic snakebites, they look for swelling. For hemotoxic snakebites, they look for active bleed-

ing. This approach helps healthcare workers to make a diagnosis even without detailed

information about the snake. One participant remarked as follows

" We first try to ascertain which type of snake? Did they see the color or not? But sometimes,
for them, they fail to see the type or the color of the snake. So, we always diagnose [suspect
diagnosis] by basing on signs and symptoms. As for neurotoxic snakebites, you look for signs;
sweating, and then drooling of saliva. That one we can easily diagnose. Then those ones with
cytotoxic, we see the swelling. Then for hemotoxic, we always see active bleeding."

(Nurse, IDI–8)

Challenges faced in the management of snakebite cases

Lack of up-to-date robust clinical guidelines. Although some healthcare workers had

self-reported their knowledge and utilization of Uganda clinical guidelines, they highlighted

several barriers. For instance, except for Lacor Hospital which had comprehensive protocols

for snakebite management, healthcare workers from other facilities highlighted a lack of robust

clinical guidelines on snakebite management. They pointed out gaps in the national guidelines

for snakebite cases. For example, the supportive treatment recommended in the guidelines was

considered weak, and the guidelines were noted to be insufficient in detail.

One participant remarked as follows

“However, within the clinical guidelines, there exists a notable weakness. it suggests adminis-
tering chlorphenamine, a relatively weak antihistamine, in tablet form. This is a concern
when dealing with severe cases of envenomation, where patients may show clear signs of ven-
omous effects. Given the circumstances, the efficacy of chlorphenamine is questionable and
not deemed as a viable option.”

(Clinical officer, IDI–18)

Delayed health-seeking behavior for patients. Healthcare workers mentioned the chal-

lenge of patients arriving late for medical attention at the health facility. This delay in seeking

healthcare services for snakebite cases was seen as a major obstacle in managing such cases

effectively. The healthcare workers said that this delay often led to adverse outcomes, such as

poor health and sometimes death.

“One or two (patients) that pass away [in a year] [. . . .] in most cases, it is because they delayed
to reach the facility. These individuals arrive late, so by the time we are attempting to admit
them for medical care [Hospitalize], they are already in dire circumstances. For most of the peo-
ple that come early, they are helped, given care, and they recover. Of course, we’ve had delays

[many instances where patients are presented to hospital late] many hours after the snakebite.

At times, the patient checks in the following day when the whole body is paralyzed. At this

point, I really can’t do much [to save the patient]. It is one of the biggest challenges”.

(Medical officer, IDI–16)
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Limited knowledge and skills. Many healthcare workers in the study expressed a lack of

adequate knowledge and skills in managing snakebite cases. They reported challenges in areas

such as identifying snake species and applying appropriate treatment protocols. This lack of

knowledge and skills raises concerns about the effectiveness of their interventions in snakebite

management.

“I have seen that many of my colleagues in health care, they don’t have enough knowledge
about how to deal with snakebite cases. It doesn’t matter if they are nurses or doctors or spe-
cialists, they all struggle with snakebite management. Even myself, I have to admit that I’m
not very confident in my skills. We have a big gap in our knowledge in this area, and it’s a
very serious concern for us.”

(Medical officer, IDI–15)

At administrative level, participants highlighted that health facilities prioritize capacity

building for other medical conditions over snakebite case management even in endemic

districts.

“People are eager to learn more about snakebites, but they are left behind. The government
and other partners don’t care about us, they only care about their own agendas. They ignore
the need for proper training on snakebites. This makes us feel frustrated and helpless, because
we can’t improve our knowledge and skills.”

(Medical officer, IDI–15)

Lack of antivenoms and high cost of treatment. Lack of resources, especially adequate

supplies of anti-venom, was a major obstacle in managing snakebites effectively, as healthcare

workers reported. This shortage of anti-venom in health facilities, along with the high cost of

treatment, posed significant challenges, especially for victims who could not afford the neces-

sary care

“Sometimes they bring just about 10 doses of anti-venom for the whole three months [for entire
hospital]. Can you imagine? It’s barely enough! And if it’s not available when a patient needs it,
we have no choice but to ask them to buy it themselves. But you know, many of them cannot
afford it. So instead, we have to make work with what we have [all alternative treatments avail-
able]. We give them hydrocortisone and antibiotics, but deep down, we know it’s not enough.

We can only pray and hope for the best because there’s really nothing more we can do.”

(Senior nursing officer, IDI–5)

Poor referral systems. Healthcare workers mentioned the challenges caused by poor

referral systems and poor communication between health facilities, leading to difficulties in

providing timely and appropriate treatment to snakebite patients. Participants stressed that the

current ways of patient referral were unreliable, worsening the problem.

“We feel very bad when we see our patients suffering because of the problems in the referral
system. Some patients are kept by other facilities for too long, even when they have serious con-
ditions like cytotoxicity. When they come to us, their situation is very bad. Others need to go
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to higher-level facilities where they can get the right treatment, like antivenom for snake bites.
But this process is also slow and can put their lives in danger. We wish we could do more to
help our patients and give them the best care possible.”

(Nurse, IDI–8)

Opportunities for better management of snakebite cases

Increasing awareness and education about snakebite management among healthcare

workers through training and workshops. The participants emphasized that sharing

experiences among themselves would be a valuable learning platform and an opportunity

for professional growth. They recognized that snakebite cases can be challenging and com-

plex, and by exchanging their experiences, healthcare workers who have never encoun-

tered such cases would benefit from the practical knowledge and insights of their

colleagues. Through discussions and interactions, they could learn about different snake-

bite scenarios, the specific management approaches used, and the lessons learned from

previous cases

“We need to attend those seminars because they help us to update our knowledge. The proto-
cols keep changing, so we have to learn new things. We also get CMEs [Continuous medical
education], which are good for our learning and our profession. We can also use Google [evi-
dence search] to see how other hospitals are managing snakebite cases. It helps us to improve
our practices and give better care to our patients”

(Nurse, IDI–13)

Increasing education and awareness about snakebite prevention and management in

the general public. Healthcare workers strongly emphasized the importance of community

sensitization to enhance the understanding and knowledge of individuals and communities

regarding the initial management of snakebite cases before reaching a health facility. They

highlighted that by raising awareness and providing education in communities, individuals

can learn valuable information and skills to respond quickly to snakebite incidents. This proac-

tive approach empowers community members to administer appropriate first aid measures,

which can significantly improve outcomes for snakebite victims

“Besides the CMEs, we should also integrate snakebite management with other healthcare
activities when we go out for outreaches. For example, when we do surveillance for diseases
like TB, COVID-19, or malaria, we should also look into snakebite cases. This would help us
to know the situation in the community or the health center. We can check the register and
see how many people have come for snakebite treatment in that health center. This integrated
approach would help us to meet the comprehensive healthcare needs of the people.”

(Consultant physician, IDI–4)

Research into better snakebite management practices and alternative treatments for

snakebite, to complement or replace antivenom. One of the important opportunities

highlighted was the need for research into improving snakebite management practices and

finding alternative treatments to complement or replace antivenom. The participants recog-

nized that current management approaches may have limitations and that there is a desire to
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find more effective solutions. This highlights the importance of ongoing research and innova-

tion in snakebite management. One participant mentions

“I believe that conducting studies like this will greatly benefit us as medical practitioners. Such
studies help us stay updated and informed. Your study on the management of snakebites is a
valuable opportunity for our facility, as it allows us to better prepare ourselves for handling
snakebite cases. This knowledge is crucial for us working in rural areas where snakebites are
common.”

(Medical Officer, IDI—14)

Funding and budgeting considerations for supplies. Participants highlighted the impor-

tance of funding as a key opportunity that could improve the health facility budget and the

availability of necessary supplies for snakebite case management. Adequate funding would

address the ongoing challenges of limited resources and shortages in essential items such as

anti-venom, which are vital for treating snakebite patients. With increased financial support,

health facilities would be better equipped to ensure a consistent supply of anti-venom and

other medications, as well as invest in training programs for healthcare workers to enhance

their skills and knowledge in snakebite management. One healthcare worker remarked as

follows

“Yeah, when it comes to snake anti-venom, it’s not always readily available. We can still
obtain it when needed, but not immediately [Not readily available]. I am aware that I have
the authority to prescribe it, but there are certain strict regulations surrounding its prescrip-
tion. I believe it’s due to its limited availability. If there were an abundant supply, say 10 vials
without any shortage, then I would feel more confident [to easily prescribe it to patients].
However, I’m concerned that in a worst-case scenario, I might not be able to obtain it. So,

proper budgeting is necessary to ensure its availability.”

(Medical Officer, IDI–16)

Discussion

The study’s findings have significant implications for public health, highlighting challenges

and opportunities in snakebite management. These challenges include the lack of robust clini-

cal guidelines, delayed health-seeking behavior, limited knowledge and skills among healthcare

workers, and inadequate availability of antivenoms. Addressing these challenges can improve

the timely and effective management of snakebite cases, reducing disability and mortality

rates. Opportunities such as increasing awareness and education, conducting research on

alternative treatments, and securing funding for supplies can enhance snakebite prevention

and patient care. Implementing these strategies strengthens public health systems’ ability to

mitigate the impact of snakebites and improve health outcomes for affected communities.

The study reveals that the current Uganda clinical guidelines lack comprehensive informa-

tion on the management, toxicity, and clinical presentation of snakebites, as well as appropri-

ate supportive treatment. One of the key factors for optimal patient outcomes in snakebite

management is the availability and adherence to up-to-date guidelines that provide specific

and evidence-based recommendations for different scenarios of bites, toxicity and clinical pre-

sentation [23]. However, in Uganda, the current clinical guidelines have limited information
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on these aspects and do not address the appropriate supportive treatment for snakebite

patients [24]. Moreover, snakebite is clustered under the bites and stings category and does

not have its own separate guidelines [24]. This may result in poor awareness and ineffective

treatment among healthcare providers, leading to increased morbidity and mortality for

snakebite patients. One of the main challenges for developing comprehensive and updated

clinical guidelines for snakebite management is the long time it takes to revise the guidelines

and the lack of research in this area, as snakebite is a neglected tropical disease that receives

insufficient funding and attention compared to other diseases. Therefore, we urge the Ministry

of Health to conduct a detailed review of the existing snakebite guidelines and incorporate the

latest evidence and best practices from other regions where snakebite is endemic. This would

help to improve the emergency care and long-term outcomes for snakebite patients in

Uganda.

We found that many patients presented late for treatment after snakebite, which increased

their risk of severe complications and death. The causes were suggested as cost or transport

challenges but also use of traditional remedies. This is consistent with previous studies in

Kenya that reported the use of traditional remedies, such as tourniquets, black stones, and

herbal medicines, before seeking formal healthcare [8, 21]. Although some plant species have

been claimed to have antivenom properties, their efficacy and safety have not been verified [8].

Moreover, the use of traditional therapy may delay the administration of antivenom, which is

the only effective treatment for snakebite envenoming [20]. Therefore, there is a need to edu-

cate the communities on the importance of timely access to health facilities and the dangers of

using unproven methods. Additionally, there is a need to improve the availability and quality

of antivenom which may encourage patients to seek care earlier [20].

We identified antivenom shortage and costs as major barriers to snakebite management.

Antivenom is the only specific treatment for snakebite envenoming, but it is often scarce

and unaffordable for many patients in sub-Saharan Africa [25, 26]. The average cost of anti-

venom per vial ranges from $18 to $200, and each patient may require up to 10 vials or more

depending on the snake species and the severity of envenoming [27, 28]. However, most

snakebite victims are poor rural dwellers who cannot afford such high costs. As a result,

many patients resort to traditional healers who offer cheaper but ineffective and sometimes

harmful remedies [29]. This situation calls for urgent interventions from the government

and other stakeholders to ensure regular and adequate supply of quality-assured antivenom

in the high-burden areas. Moreover, there is a need to subsidize the cost of antivenom and

make it accessible and affordable for the patients who need it. Furthermore, there is a need

to strengthen the health system capacity and the training of healthcare workers on snakebite

management.

We found that healthcare workers had limited knowledge and skills to manage snakebites.

This is a common challenge in the effective management of snakebite in Africa, where health-

care workers often lack formal training and clinical protocols for snakebite care [19]. Poor

knowledge and skills can lead to incorrect or inappropriate treatment, such as using the wrong

antivenom or dosage, applying harmful first aid measures, or failing to recognize the clinical

features and complications of snakebite envenoming [19, 30]. Moreover, the training curricu-

lum for clinicians in most African countries is inadequate and often does not include snakebite

management. This highlights the need to identify the training needs and arrange for regular

training of healthcare workers on snakebite management. Such training should cover topics

such as local snake identification, snakebite first aid, antivenom administration and rational

use, management of antivenom adverse reactions, and treatment of snakebite complications.

Furthermore, there is a need to develop and disseminate evidence-based guidelines and proto-

cols for snakebite management in different settings and levels of care.
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The study revealed that poor referral systems and resources for snakebites are a significant

challenge for many healthcare workers [31]. This challenge can lead to delays in treatment for

snakebite victims, which can result in fatal or disabling outcomes such as tissue necrosis, hem-

orrhage, shock, or paralysis [32]. Therefore, it is essential to improve the referral system and

provide adequate resources for snakebite management. Some possible strategies include: pro-

viding clear guidelines and protocols for snakebite referral and treatment [31], ensuring the

availability and accessibility of effective antivenoms at different levels of health facilities, train-

ing healthcare workers on snakebite prevention and first aid, and equipping health facilities

with transportation and communication means to facilitate timely referrals.

The study identified several opportunities to improve snakebite management, which can be

grouped into two main categories: education and research. Education involves increasing

awareness and knowledge about snakebite management among healthcare workers and the

general public. Healthcare workers need to be trained on the treatment guidelines and the use

of antivenom, as well as facilitate them to conduct outreaches and educate the community on

snakebite prevention and first aid. This can enhance their confidence and competence in man-

aging snakebite cases and reduce delays in seeking medical care. The general public also needs

to be informed about the risks and signs of snakebite, the appropriate first aid measures, and

the importance of accessing health facilities as soon as possible. Education can potentially

reduce the morbidity and mortality associated with snakebite envenoming, as well as the social

and economic burden on the affected individuals and communities [23, 33]. Research involves

exploring better snakebite management practices and alternative treatments that can comple-

ment or replace antivenom, which is often scarce, expensive, or ineffective against some snake

venoms. Research can also help to identify the epidemiology and ecology of snakebites, the

clinical features and outcomes of different snake species, and the optimal dosing and adminis-

tration of antivenom [23]. Research can contribute to improving the quality and availability of

antivenom, as well as developing new interventions that can prevent or reverse the effects of

snake venom. These opportunities for improvement are consistent with the World Health

Organization’s guidelines and recommendations for managing snakebites.

Strengths and limitations

The study provides valuable insights into the challenges and opportunities in snakebite man-

agement in Uganda, a country where snakebite is a neglected public health problem.

The study uses qualitative methods to explore the perspectives and experiences of health-

care workers who are directly involved in snakebite care, which can inform policy and practice

recommendations. To further strengthen the credibility of our analysis, we adopted reflexivity

and an iterative approach to data analysis, and refining our interpretations along the way.

However, it is important to acknowledge certain limitations when interpreting our findings.

Our reliance on IDI interviews as the primary data gathering method may have restricted the

breadth of information obtained, and the absence of corroborative data sources could have

potentially impacted the data quality. Additionally, the study does not include the views and

experiences of snakebite patients or their caregivers, which may provide additional insights

into the barriers and facilitators of snakebite management. Furthermore, it is worth noting

that our study was limited to one region of Uganda and therefore caution should be exercised

when generalizing these findings to regions.

Conclusions

Snakebite is a neglected and poorly managed public health problem in Uganda. This study

explored the challenges and opportunities in snakebite management from the perspective of
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healthcare workers. The study found that healthcare workers face barriers such as lack of clini-

cal guidelines, delayed health-seeking behavior, limited knowledge and skills, and antivenom

shortage. The study also found opportunities such as increasing education and awareness, con-

ducting research on alternative treatments, and securing funding for supplies. These opportu-

nities align with the World Health Organization’s guidelines for managing snakebites. The

study adds to the knowledge on snakebite management in Uganda and similar settings. The

study also has policy implications for improving antivenom availability and quality, developing

evidence-based clinical guidelines, and strengthening referral system and resources. The study

also has practice implications for enhancing healthcare workers’ training and skills, conduct-

ing community education on snakebite prevention and first aid, and implementing integrated

approaches to address snakebite patients’ healthcare needs.
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12. Sharma S, Kuch U, Höde P, Bruhse L, Pandey DP, Ghimire A, et al. Use of Molecular Diagnostic Tools

for the Identification of Species Responsible for Snakebite in Nepal: A Pilot Study. Plos Neglected Tropi-

cal Diseases. 2016. https://doi.org/10.1371/journal.pntd.0004620 PMID: 27105074

13. Williams DJ, Faiz MA, Abela-Ridder B, Ainsworth S, Bulfone TC, Nickerson AD, et al. Strategy for a

globally coordinated response to a priority neglected tropical disease: Snakebite envenoming. PLoS

Negl Trop Dis. 2019; 13(2):e0007059. Epub 2019/02/23. https://doi.org/10.1371/journal.pntd.0007059

PMID: 30789906 Williams is engaged as a consultant to the World Health Organization. The majority of

authors (excepting Dr Abela-Ridder, Dr Ainsworth, Mr Bulfone and Ms Nickerson) are members of the

WHO Snakebite Envenoming Working Group. The authors have declared that no other competing inter-

ests exist.

14. Wafula ST, Mugume IB, Namakula LN, Nalugya A, Naggayi V, Walekhwa AW, et al. Healthcare practi-

tioners’ knowledge of snakebite management and associated factors in high-burden, low-resource set-

tings in Uganda. Trans R Soc Trop Med Hyg. 2023. Epub 2023/04/19. https://doi.org/10.1093/trstmh/

trad015 PMID: 37072287.

15. World Bank. Climate change knowledge portal: Uganda 2021 [July 27, 2023]. https://

climateknowledgeportal.worldbank.org/country/uganda/climate-data-historical.

16. CIAT, BFS/USAID. Climate-Smart Agriculture in Uganda. CSA Country Profiles for Africa Series.

Washington, D.C: nternational Center for Tropical Agriculture (CIAT); Bureau for Food Security, United

States Agency for International Development (BFS/ USAID), 2017.

17. World Atlas. What Type Of Climate Does Uganda Have? 2019 [July 27, 2023]. https://www.worldatlas.

com/articles/what-type-of-climate-does-uganda-have.html.

18. UBOS. The national population and housing census 2014–main report. 2016.

19. Barnes K, Ngari C, Parkurito S, Wood L, Otundo D, Harrison R, et al. Delays, fears and training needs:

Perspectives of health workers on clinical management of snakebite revealed by a qualitative study in

PLOS ONE Improving snakebite management: Health workers’ perspectives in Northern Uganda

PLOS ONE | https://doi.org/10.1371/journal.pone.0291032 September 25, 2023 14 / 15

https://doi.org/10.1371/journal.pntd.0000569
https://doi.org/10.1371/journal.pntd.0000569
http://www.ncbi.nlm.nih.gov/pubmed/20027216
https://www.who.int/news-room/fact-sheets/detail/snakebite-envenoming
https://doi.org/10.47391/JPMA.4547
http://www.ncbi.nlm.nih.gov/pubmed/36280925
https://doi.org/10.1371/journal.pntd.0009023
http://www.ncbi.nlm.nih.gov/pubmed/33577579
https://doi.org/10.1016/j.trstmh.2005.10.003
https://doi.org/10.1016/j.trstmh.2005.10.003
http://www.ncbi.nlm.nih.gov/pubmed/16412486
https://doi.org/10.1016/j.tips.2021.02.005
http://www.ncbi.nlm.nih.gov/pubmed/33773806
https://doi.org/10.1016/j.toxcx.2021.100086
https://doi.org/10.1016/j.toxcx.2021.100086
http://www.ncbi.nlm.nih.gov/pubmed/34786555
https://doi.org/10.4269/ajtmh.20-1078
http://www.ncbi.nlm.nih.gov/pubmed/33236717
https://doi.org/10.1371/journal.pntd.0010841
https://doi.org/10.1371/journal.pntd.0010841
http://www.ncbi.nlm.nih.gov/pubmed/36409666
https://doi.org/10.7196/SAJCC.2020.v36i1.404
http://www.ncbi.nlm.nih.gov/pubmed/37304251
https://www.rentokil.co.ug/snakes/species/
https://doi.org/10.1371/journal.pntd.0004620
http://www.ncbi.nlm.nih.gov/pubmed/27105074
https://doi.org/10.1371/journal.pntd.0007059
http://www.ncbi.nlm.nih.gov/pubmed/30789906
https://doi.org/10.1093/trstmh/trad015
https://doi.org/10.1093/trstmh/trad015
http://www.ncbi.nlm.nih.gov/pubmed/37072287
https://climateknowledgeportal.worldbank.org/country/uganda/climate-data-historical
https://climateknowledgeportal.worldbank.org/country/uganda/climate-data-historical
https://www.worldatlas.com/articles/what-type-of-climate-does-uganda-have.html
https://www.worldatlas.com/articles/what-type-of-climate-does-uganda-have.html
https://doi.org/10.1371/journal.pone.0291032


Kitui County, Kenya. Toxicon X. 2021; 11:100078-. https://doi.org/10.1016/j.toxcx.2021.100078 PMID:

34401745.

20. Wood L, Ngari C, Parkurito S, Barnes K, Otundo D, Misiani DA, et al. "Then they prayed, they did noth-

ing else, they just prayed for the boy and he was well": A qualitative investigation into the perceptions

and behaviours surrounding snakebite and its management in rural communities of Kitui county, Kenya.

PLoS Negl Trop Dis. 2022; 16(7):e0010579. Epub 2022/07/07. https://doi.org/10.1371/journal.pntd.

0010579 PMID: 35793372.

21. van Oirschot J, Ooms GI, Okemo DJ, Waldmann B, Reed T. An exploratory focus group study on expe-

riences with snakebites: health-seeking behaviour and challenges in rural communities of Kenya. Trans

R Soc Trop Med Hyg. 2021; 115(6):613–8. Epub 2021/04/10. https://doi.org/10.1093/trstmh/trab059

PMID: 33836536.

22. Faulkner SL, Trotter SP. Theoretical Saturation. The International Encyclopedia of Communication

Research Methods. p. 1–2.

23. WHO. Guidelines for the management of snakebites: World Health Organization; 2016.

24. MOH. Uganda Clinical Guidelines 2016: National Guidelines for Management of Common Conditions

2016 [January 21, 2023]. https://health.go.ug/sites/default/files/Uganda%20Clinical%20Guidelines%

202016_FINAL.pdf.

25. Chippaux JP, Massougbodji A, Habib AG. The WHO strategy for prevention and control of snakebite

envenoming: a sub-Saharan Africa plan. The journal of venomous animals and toxins including tropical

diseases. 2019; 25:e20190083. Epub 2019/12/17. https://doi.org/10.1590/1678-9199-JVATITD-2019-

0083 PMID: 31839803.

26. Benjamin JM, Abo BN, Brandehoff N. Review Article: Snake Envenomation in Africa. Current Tropical

Medicine Reports. 2020; 7(1):1–10. https://doi.org/10.1007/s40475-020-00198-y

27. Daswani BR, Chandanwale AS, Kadam DB, Ghongane BB, Ghorpade VS, Manu HC. Comparison of

Different Dosing Protocols of Anti-Snake Venom (ASV) in Snake Bite Cases. J Clin Diagn Res. 2017;

11(9):Fc17–fc21. Epub 2017/12/07. https://doi.org/10.7860/JCDR/2017/20132.10670 PMID:

29207729.

28. Brown NI. Consequences of Neglect: Analysis of the Sub-Saharan African Snake Antivenom Market

and the Global Context. PLOS Neglected Tropical Diseases. 2012; 6(6):e1670. https://doi.org/10.1371/

journal.pntd.0001670 PMID: 22679521

29. Vaiyapuri S, Vaiyapuri R, Ashokan R, Ramasamy K, Nattamaisundar K, Jeyaraj A, et al. Snakebite and

its socio-economic impact on the rural population of Tamil Nadu, India. PLoS One. 2013; 8(11):e80090.

Epub 2013/11/28. https://doi.org/10.1371/journal.pone.0080090 PMID: 24278244.

30. Michael GC, Bala AA, Mohammed M. Snakebite knowledge assessment and training of healthcare pro-

fessionals in Asia, Africa, and the Middle East: A review. Toxicon X. 2022; 16:100142. Epub 2022/11/

29. https://doi.org/10.1016/j.toxcx.2022.100142 PMID: 36438018.

31. Strand E, Murta F, Tupetz A, Barcenas L, Phillips AJ, Farias AS, et al. Perspectives on snakebite

envenoming care needs across different sociocultural contexts and health systems: A comparative

qualitative analysis among US and Brazilian health providers. Toxicon X. 2023; 17:100143. https://doi.

org/10.1016/j.toxcx.2022.100143 PMID: 36578905

32. Potet J, Singh S, Ritmeijer K, Sisay K, Alcoba G, Jouberton F, et al. Snakebite envenoming at MSF: A

decade of clinical challenges and antivenom access issues. Toxicon X. 2023; 17:100146. https://doi.

org/10.1016/j.toxcx.2022.100146 PMID: 36619819

33. Ralph R, Faiz MA, Sharma SK, Ribeiro I, Chappuis F. Managing snakebite. BMJ. 2022; 376:e057926.

https://doi.org/10.1136/bmj-2020-057926 PMID: 34996773

PLOS ONE Improving snakebite management: Health workers’ perspectives in Northern Uganda

PLOS ONE | https://doi.org/10.1371/journal.pone.0291032 September 25, 2023 15 / 15

https://doi.org/10.1016/j.toxcx.2021.100078
http://www.ncbi.nlm.nih.gov/pubmed/34401745
https://doi.org/10.1371/journal.pntd.0010579
https://doi.org/10.1371/journal.pntd.0010579
http://www.ncbi.nlm.nih.gov/pubmed/35793372
https://doi.org/10.1093/trstmh/trab059
http://www.ncbi.nlm.nih.gov/pubmed/33836536
https://health.go.ug/sites/default/files/Uganda%20Clinical%20Guidelines%202016_FINAL.pdf
https://health.go.ug/sites/default/files/Uganda%20Clinical%20Guidelines%202016_FINAL.pdf
https://doi.org/10.1590/1678-9199-JVATITD-2019-0083
https://doi.org/10.1590/1678-9199-JVATITD-2019-0083
http://www.ncbi.nlm.nih.gov/pubmed/31839803
https://doi.org/10.1007/s40475-020-00198-y
https://doi.org/10.7860/JCDR/2017/20132.10670
http://www.ncbi.nlm.nih.gov/pubmed/29207729
https://doi.org/10.1371/journal.pntd.0001670
https://doi.org/10.1371/journal.pntd.0001670
http://www.ncbi.nlm.nih.gov/pubmed/22679521
https://doi.org/10.1371/journal.pone.0080090
http://www.ncbi.nlm.nih.gov/pubmed/24278244
https://doi.org/10.1016/j.toxcx.2022.100142
http://www.ncbi.nlm.nih.gov/pubmed/36438018
https://doi.org/10.1016/j.toxcx.2022.100143
https://doi.org/10.1016/j.toxcx.2022.100143
http://www.ncbi.nlm.nih.gov/pubmed/36578905
https://doi.org/10.1016/j.toxcx.2022.100146
https://doi.org/10.1016/j.toxcx.2022.100146
http://www.ncbi.nlm.nih.gov/pubmed/36619819
https://doi.org/10.1136/bmj-2020-057926
http://www.ncbi.nlm.nih.gov/pubmed/34996773
https://doi.org/10.1371/journal.pone.0291032

