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Abstract

Background

Currently, antivenoms are the only specific treatment available for snakebite envenoming.

In Brazil, over 30% of patients cannot access antivenom within its critical care window.

Researchers have therefore proposed decentralizing to community health centers to

decrease time-to-care and improve morbidity and mortality. Currently, there is no evidence-

based method to evaluate the capacity of health units for antivenom treatment, nor what the

absolute minimum supplies and staff are necessary for safe and effective antivenom admin-

istration and clinical management.

Methods

This study utilized a modified-Delphi approach to develop and validate a checklist to evalu-

ate the minimum requirements for health units to adequately treat snakebite envenoming in

the Amazon region of Brazil. The modified-Delphi approach consisted of four rounds: 1) iter-

ative development of preliminary checklist by expert steering committee; 2) controlled feed-

back on preliminary checklist via expert judge survey; 3) two-phase nominal group

technique with new expert judges to resolve pending items; and 4) checklist finalization and

closing criteria by expert steering committee. The measure of agreement selected for this

study was percent agreement defined a priori as�75%.
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Results

A valid, reliable, and feasible checklist was developed. The development process

highlighted three key findings: (1) the definition of community health centers and its list of

essential items by expert judges is consistent with the Brazilian Ministry of Health, WHO

snakebite strategic plan, and a general snakebite capacity guideline in India (internal valid-

ity), (2) the list of essential items for antivenom administration and clinical management is

feasible and aligns with the literature regarding clinical care (reliability), and (3) engagement

of local experts is critical to developing and implementing an antivenom decentralization

strategy (feasibility).

Conclusion

This study joins an international set of evidence advocating for decentralization, adding

value in its definition of essential care items; identification of training needs across the care

continuum; and demonstration of the validity, reliability, and feasibility provided by engaging

local experts. Specific to Brazil, further added value comes in the potential use of the check-

list for health unit accreditation as well as its applications to logistics and resource distribu-

tion. Future research priorities should apply this checklist to health units in the Amazon

region of Brazil to determine which community health centers are or could be capable of

receiving antivenom and translate this expert-driven checklist and approach to snakebite

care in other settings or other diseases in low-resource settings.

Author summary

Checklists have been developed and validated to improve patient safety and effectiveness

of care in several fields, including emergency medicine, intensive care, and surgery. The

Brazilian Ministry of Health (MoH) supplies antivenoms (AVs) to the health system at no

cost to patients. AV access is thus limited to hospitals, most of which are in urban areas

and difficult for rural, remote, and indigenous populations to reach. Currently, there is no

evidence-based method to evaluate the capacity of health units for AV treatment, nor

what the absolute minimum supplies and staff are necessary for safe and effective AV

administration and clinical management. In this study, we aim to develop and validate a

checklist to evaluate the minimum requirements for community health centers to ade-

quately treat snakebite envenoming in the Amazon region of Brazil. This study joins an

international set of evidence advocating for decentralization, adding value in its definition

of essential care items, represented by Human Resources, and Equipment, Supplies and

Medicines, to provide safe and effective treatment for SBE patients in remote endemic

areas.

Introduction

In the Brazilian Amazon, the incidence of snakebite envenoming (SBE), though underesti-

mated, is roughly 30,000 cases per annum [1]. Currently, antivenoms are the only specific

treatment available for SBE. The clinical care window for antivenom (AV) effectiveness is six

hours [1]. Antivenom administered after this window is less effective in reversing systemic

PLOS NEGLECTED TROPICAL DISEASES Minimum requirements checklist for snakebite envenoming treatment in the Brazilian Amazon

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011921 January 19, 2024 2 / 22

Funding: J.S. and W.M. were funded by Conselho

Nacional de Desenvolvimento Cientı́fico e

Tecnológico (CNPq productivity scholarships). W.

M. was funded by Fundação de Amparo à Pesquisa

do Estado do Amazonas (PRÓ-ESTADO, call 011/
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damage and has little or no effect on local tissue damage [2]. Timely access to AV is thus cru-

cial to avoid preventable complications, disabilities, and death [3]. In Amazonia, Brazil, how-

ever, over 30% of snakebite patients cannot access AV within six hours [4].

This is due in part to the AV distribution structure. Currently, the Brazilian Ministry of

Health (MoH) supplies AVs to the health system at no cost to patients [5]. The MoH first dis-

tributes AVs to each state. State health secretaries are responsible for distributing AVs to

municipalities, and municipalities then distribute AVs to their hospitals. AV access is thus lim-

ited to hospitals, most of which are in urban areas and difficult for rural, remote, and indige-

nous populations to reach. The national health care system in Brazil, Sistema Único de Saúde

(SUS), provides access to care to these populations through community health centers (CHC).

CHCs provide primary care to designated populations [6]. In the remote and rural regions

of Amazonia, where snakebites tend to occur, CHCs are often the only health facility [4]. To

reduce the delay in antivenom treatment and improve patient outcomes, clinical and research

experts in the State of Amazonas have called for a decentralization strategy in which anti-

venom is supplied to CHCs in addition to hospitals [4,7,8].

Our research team has been utilizing data and implementation science to establish a com-

prehensive understanding of SBE in the Brazilian Amazonia and develop such a strategy for

decentralizing AV treatment to CHCs [1,4,5,7,9–17] (Fig 1). We have proposed: 1) developing

and validating a culturally relevant clinical practice guideline, 2) training health professionals

according to the guideline, 3) implementing the standardized protocol, 4) assessing percep-

tions and acceptability of the changes, and 5) estimating the impact on timely AV access.

These steps, however, rest on the assumption that CHCs are well-equipped and staffed with

personnel trained in administering AV treatment. Currently, there is no evidence-based

method to evaluate the capacity of health units for AV treatment [18], nor what the absolute

minimum supplies and staff are necessary for safe and effective AV administration and clinical

management [8,19].

Checklists, specifically criteria of merit checklists [20], have been developed and validated

to improve patient safety and effectiveness of care in several fields [21,22], including emer-

gency medicine, intensive care, and surgical disciplines [23–26]. In Brazil, health authorities

have established several checklists to ensure adequate capacity and quality of health services:

hospitals [27], community health centers [28], surgical services [29], vaccination services [30],

intensive care units [31], clinical laboratories [32], and pharmacies [33]. In terms of antivenom

decentralization to CHCs, a criteria of merit checklist for the staff and supplies involved in

antivenom treatment and subsequent clinical management is needed to determine which

CHCs are or could be capable of receiving antivenom, and to guide authorities in accrediting

health units in Brazil to perform these procedures.

Our objective was thus to develop and validate a checklist to evaluate the minimum require-

ments for community health centers to adequately treat snakebite envenoming in the Amazon

region of Brazil.

Methods

Ethics statement

The study was approved by the Research Ethics Committee, Fundação de Medicina Tropical

Dr. Heitor Vieira Dourado (FMT-HVD; CAAE: 52735721.7.0000.0005, approved on 5

November 2021). Written informed consent was obtained from all participants of the study.
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Study design

A modified-Delphi approach was utilized as we contextualized the study to a specific neglected

health issue in a specific setting, and the results were time-sensitive in their direct application

to the development and implementation of an antivenom decentralization strategy [34]. The

checklist was developed in accordance with the best practices outlined by Bichelmeyer, Scri-

ven, and Stufflebeam [20,35,36] to define the minimum requirements for community health

centers to adequately treat snakebite envenoming in the Amazon region of Brazil. The modi-

fied-Delphi approach consisted of four rounds: 1) iterative development of preliminary check-

list by expert steering committee; 2) controlled feedback on preliminary checklist via expert

judge survey; 3) two-phase nominal group technique [37,38] with new expert judges to resolve

pending items; and 4) checklist finalization and closing criteria by expert steering committee

(Fig 2).

Fig 1. Snakebite envenoming care continuum in the Brazilian Amazon. A) Care pathways for snakebite patients under the current antivenom distribution structure. B)

Care pathways under the proposed antivenom decentralization to community health centers (CHCs). Figure built using https://openclipart.org/ as source of the images or

icons.

https://doi.org/10.1371/journal.pntd.0011921.g001
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Measure of agreement

The measure of agreement selected for this study was percent agreement, specifically joint-

probability of agreement (JPA) [39]. For each type of community health center (1, 2, or 3), JPA

was calculated by the sum of agreement on an item marked into a specific priority classifica-

tion (Essential, Unessential, Desirable, or Undesirable), divided by the total responses,

Fig 2. Study design overview.

https://doi.org/10.1371/journal.pntd.0011921.g002
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multiplied by 100. Consensus on an item was defined a priori as a JPA greater than or equal to

75%. Items with a JPA�75% in Essential or Desirable were considered validated. Items

marked into Unessential or Undesirable with a JPA of�75% were dropped. Items with a JPA

<75% in all four classifications were discussed in a nominal group meeting and either vali-

dated or dropped. Additional items suggested by judges in the survey round were discussed in

the nominal group meeting, classified by priority, and either added or dropped. The nominal

group meeting, and thus the modified-Delphi process, ended when consensus was reached on

all items.

Across the Delphi process, three different types of community health centers as well as item

priority (i.e., unessential versus essential to adequate treatment) were considered. The primary

outcome was measure of agreement, specifically percent agreement.

Expert selection and recruitment

Expert steering committee. A steering committee of five experts were recruited via email

to develop the initial checklist, coordinate consensus rounds, and verify the finalized version.

Two experts with postdoctoral degrees and extensive experience in snakebite clinical care and

research, a male pharmacist (W.M.) and a female nurse (J.S.), led this effort from the

FMT-HVD, a tertiary care hospital providing SBE care to patients across the Brazilian Ama-

zon. One expert with a medical and postdoctoral degree (F.H.W), also highly experienced with

SBE clinical care and research, was recruited from the Butantan Institute, the largest anti-

venom producer and distributor in the country. Two experts with medical degrees and global

experience treating and researching snakebite envenoming (C.S., C.G.) were recruited from

the Department of Emergency Medicine of the Duke School of Medicine in the United States.

These team members have previously collaborated to develop a culturally relevant clinical

practice guideline for snakebite treatment in Brazil as well as a multimodal health system inter-

vention to decentralize antivenom from hospitals to community health centers in the Amazon

region.

Expert judges. To obtain a culturally and geographically diverse panel of judges, potential

experts were identified via four lines of inquiry: 1) professors of graduate programs in Tropical

Medicine and Clinical Toxicology, provided their lines of research were related to snakebite

envenoming in Brazil; 2) a MEDLINE search on snakebite envenoming and related topics over

the past five years; 3) health professionals and clinical care directors working at tertiary hospi-

tals; and 4) public health coordinators from the Ministry of Health in Brazil. These potential

experts were invited to participate via email and asked to recommend additional experts.

Potential experts recommended through this snowball method were also invited to participate.

Email invitations to all potential experts included a study description, an informed consent

form, and a survey composed of a demographic questionnaire and the first version of the

checklist. If there was no response within 20 days of the email invitation or the survey was not

fully completed within 20 days of signing the consent form, the potential expert was not

included as an expert judge in the survey round.

Potential experts from the survey round who did not respond, refused survey participation,

or did not complete the survey fully were emailed a second time and invited to participate in

the nominal group meeting. New potential experts identified via snowball sampling were also

invited via email to the nominal group meeting. The email invitation for the nominal group

meeting included a study description, informed consent form, and a demographic question-

naire. If there was no response within 20 days of the invitation, the potential expert was not

included in the nominal group meeting. All potential experts were scored based on the criteria

outlined in Table 1. Potential experts were excluded if their score was below five points.
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Research team and reflexivity

The research team included the expert steering committee (W.M., J.S., F.H.W, C.S., C.G.);

four validation specialists (E.S., G.S., E.T., F.R.); a qualitative specialists (J.S.) with nursing

experience in clinical SBE care and research; a specialist in indigenous health (A.S.F.), a clinical

laboratory scientist (J.D.B.-S.); a qualitative researcher (E.S.); a licensed physical therapist and

qualitative data specialist with experience in SBE research (A.T.); a psychologist with extensive

qualitative and quantitative data analytics training and experience (J.V.); a clinical pharmacist

(T.S.P.); a clinical researcher (A.A.); and a data management specialist (A.S.).

Modified-Delphi method

Round 1: Iterative development of preliminary checklist by expert steering commit-

tee. The steering committee developed the first version of the checklist in three, iterative

online meetings spaced one week apart. In the first meeting, items were listed in a Word file in

a brainstorming process along with a basic description. This process was structured according

to the SBE clinical management and antivenom administration procedures in the clinical prac-

tice guideline from the Ministry of Health [40] as well as the recently developed clinical prac-

tice guideline specifically for community health centers [10]. Items were thus listed for the

categories outlined in these guidelines: first aid on admission; diagnosis (Bothrops, Lachesis,
Crotalus, and Micrurus) and clinical classification (mild, moderate, or severe) of SBEs; Lee–

White clotting test procedure; preparation of antivenom before administration; antivenom

administration; wound care; patient follow-up during the stay in the healthcare unit; referral

of the patient to the higher-level health units, if necessary; and receiving and storing antiven-

oms. At the end of the first meeting, the list of items was shared with committee members to

review over the week. In the second meeting, the committee discussed the list. Any additional

items thought of during the week were suggested and included in the checklist. The committee

was provided another week to review the list. In the third meeting, the committee finalized the

preliminary version of the checklist and added more detailed descriptions of each item and its

role in snakebite envenoming care (S1 File).

Round 2: Controlled feedback on preliminary checklist via expert judge survey. Expert

judges received a survey to provide controlled feedback on the preliminary checklist. The sur-

vey was divided into three sections: 1) judge demographics, 2) context for the checklist, and 3)

the preliminary version of the checklist. Demographics included gender, age, profession, expe-

rience, and education. The context section situated expert judges within the three types of

health units (Table 2) and four levels of priority (Table 3).

Table 1. Eligibility criteria for expert judges (�5 points).

Criteria Description Points

Academic training Doctorate in subject area 3

Master in subject area 2

Specialist / medical residency in subject area 1

Additional training Participation in training courses in the subject area 1

Professional experience Minimum of two years patient care in the subject area 2

Minimum of two years teaching in the subject area 2

Scientific production Dissertation, thesis. or monography in the subject area 1

Papers published related to the specific area 2

Supervision of students in the subject area 1

https://doi.org/10.1371/journal.pntd.0011921.t001
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For each type of health unit, expert judges classified items by priority. Expert judges were

also provided with a free text field to suggest additional items and/or provide comments to

improve the checklist. Items with a JPA�75% in Essential or Desirable were considered vali-

dated. Items marked into Unessential or Undesirable with a JPA of�75% were dropped.

Items with a JPA<75% in all four classifications as well as items suggested by expert judges in

the free text portion of the survey were discussed in the next round.

Round 3: Two-phase nominal group technique with new expert judges. New expert

judges, independent from Round 2, attended a two-phase nominal group meeting [37,38]. The

aim of the meeting was to reach consensus on items with a JPA<75% and items suggested by

the expert judges in the previous round. A lead member of the expert steering group (W.M.)

and a graduate student observer (T.S.P) conducted this meeting. In the first phase of the meet-

ing, expert judges classified items by the four priority levels for each type of health unit.

Responses were collected anonymously by the facilitators (W.M, T.S.P) and organized on a

spreadsheet. JPA was calculated for each item, then fed back to expert judges. The second

phase of the meeting was discussion until consensus regarding the items with a JPA<75%. Up

to two additional nominal group meetings were planned to reach consensus and close Round

3.

Round 4: Checklist finalization and closing criteria by expert steering committee. The

expert steering committee produced a final version of the minimum requirements checklist

based on the previous three rounds of development and controlled feedback. Items considered

Unessential with a JPA�75% were not included in the checklist. Items considered Undesir-

able with a JPA�75% were also not included in the checklist, but noted at the end in a warn-

ings section. The checklist was finalized according to best practices for checklist development,

validation, and practical use outlined by Bichelmeyer, Scriven, and Stufflebeam [20,35,36].

Table 3. Priority classifications of items.

Priority Description

Essential Presence of the item is mandatory for antivenom storage and administration to the patient

Desirable Presence of the item is not mandatory, but improves the quality of antivenom storage and

administration to the patient, offering greater convenience and comfort for health professionals and

patients, respectively

Unessential Presence of the item is indifferent for antivenom storage and administration to the patient

Undesirable Presence of the item can be harmful for antivenom storage and administration to the patient

https://doi.org/10.1371/journal.pntd.0011921.t003

Table 2. Types of health units according to capacity for snakebite management.

Unit capacity Description

Type 1 (CHCs) Type 1 units are community health centers able to provide basic first aid and administer

antivenom but refer all patients to Type 2 units for clinical management. In severe cases,

Type 1 units could refer patients directly to Type 3 (hospitals).

Type 2 (advanced

CHCs)

Type 2 units are community health centers that function as an intermediate level of care

with additional equipment/supplies, larger infrastructure, and specific training in

emergency response compared to Type 1. Type 2 units should have the capacity to

administer antivenom (if not previously given by Type 1 providers; for example, the Type 2

unit is the first point of contact), as well as provide clinical management, observation of

potential adverse reactions, and follow-up care to patients. Type 2 units would refer severe

cases to Type 3 (hospitals).

Type 3 (hospital) Type 3 units are hospitals capable of treating all snakebite envenoming cases, including

severe cases.

https://doi.org/10.1371/journal.pntd.0011921.t002
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Results

Results are presented according to each modified-Delphi round. A summary of expert judge

responses from Round 2 and Round 3 is provided in Fig 3.

Round 1: Iterative development of preliminary checklist

The expert steering committee structured the first version of the checklist in five sections

(Table 4). The first section, Health Unit Information, includes items regarding identification

information of the community health center as well as its basic infrastructure and capacity.

The second section, Human Resources, outlines personnel capacity and availability across dif-

ferent professional categories: nursing technicians and nurse assistants, nurses, physicians, lab-

oratory personnel, and pharmacists. The remaining three sections list the Equipment,

Supplies, and Medicines utilized in snakebite envenoming care.

Prior to completing the first version of the checklist, the expert steering committee dis-

cussed the priority of some items. The presence of electricity and the ability to transfer patients

were defined as Essential for all three types of health units. Electricity is required to store anti-

venom, as it is refrigerated, and the capacity for patient transfer to hospitals is necessary in

severe cases. Items required for the 20-minute whole blood clotting test (necessary for deter-

mining antivenom indication) were defined as Essential for all units. The ability of a health

unit to operate 24/7 was considered desirable in Type 1 community health centers (most basic

care), and essential in Type 2 (more advanced CHC) and Type 3 (hospitals) units.

Round 2: Expert judge survey of preliminary checklist

Participant characteristics. A total of 35 potential experts were invited to participate in

the survey round. Nine invitations were not returned and two were refused. A total of 24 invi-

tations were thus accepted. Two of these potential experts did not fully complete the survey

and were excluded. An additional two were excluded based on the minimum criteria for par-

ticipation as experts.

A total of 20 potential experts were included as expert judges (Table 5). The majority were

nurses (75%), men (60%), and from Amazonas State (50%). The average age was 44.75 years.

Professional experience averaged almost 12 years, with most expert judges holding advanced

degrees (70%), previous or current professor positions in universities (85%), published articles

(75%), and clinical SBE care experience (95%). The average expert criteria score was 10.90. See

S2 File for additional characteristics.

Survey of preliminary checklist. All items in the Health Unit Information section were

validated for all types of health units. No item suggestions were made by the expert judges. For

Type 1 community health centers, less than half the items in the remaining sections (42.0%)

were validated. Most items, however, were validated for Type 2 (76.8%) and Type 3 (91.3%).

All items validated in this round were classified as Essential. See S3 File for each item classifica-

tions and its JPA for the three types of health units. Overall, the items in Supplies (39.3%) and

Medicines (41.7%) sections had the lowest JPA in Type 1. The Equipment section had the low-

est JPA in Type 2 (75.0%) and Type 3 (87.5%) centers.

In terms of free text recommendations, the expert judges suggested the addition of 11

items. A reclining stretcher, multiparameter patient monitor, and hospital screen were added

in the Equipment section. A central venous catheter, indwelling urinary catheter, laryngeal

mask airway, and urine collection bag were added in Supplies. Anticonvulsants, antiemetics,

atropine, and bicarbonate were added in Medicines. No items were dropped.
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Round 3: Two-phase nominal group technique

Participant characteristics. A total of 12 potential experts were invited to participate in

the nominal group meeting. Two invitations were refused. 10 potential experts accepted and

met the expert criteria (Table 6). Half of the expert judges were men (50%). The average age

was 46.1 years. Professions included physicians (40%), nurses (40%), and pharmacists (20%).

Fig 3. Proportion of items validated by expert judges in each round.

https://doi.org/10.1371/journal.pntd.0011921.g003

PLOS NEGLECTED TROPICAL DISEASES Minimum requirements checklist for snakebite envenoming treatment in the Brazilian Amazon

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011921 January 19, 2024 10 / 22

https://doi.org/10.1371/journal.pntd.0011921.g003
https://doi.org/10.1371/journal.pntd.0011921


All expert judges were from Amazonas State. Professional experience averaged 19.4 years, with

most expert judges holding advanced degrees (100%), previous or current professor positions

in universities (80%), published articles (70%), and clinical SBE care experience (90%). Aver-

age expert criteria score was 12.3. See S4 File for additional characteristics.

Nominal group meeting. Phase 1. A full list of unvalidated and added items from the sur-

vey round is provided in S4 File. Most of the unvalidated items reached consensus in Type 3

(76.5%) units. However, expert judges did not reach consensus on the majority of items in

Type 1 (74.5%) and Type 2 (63.0%) centers. Overall, in Type 1, the sections with the lowest

JPA items were Human Resources (0.0%), Medicines (9.1%), and Equipment (17.6%). In Type

2, items in Supplies (20.0%) had the lowest JPA. In Type 3, items in Equipment (66.7%) had

the lowest JPA. Of the items validated in Phase 1, seven were considered Essential and six were

considered Desirable for Type 1 community health centers. All items validated for Type 2 and

Table 4. Section overview of the first version of the checklist.

Section Description Number of

items

Health Unit

Information

Unit identification, location/address, hours of operation, means of

transportation and communication, electricity capacity, contact person

information, and more

-

Human Resources* Availability of the different professional categories and work schedules,

numbers of personnel in each professional category, and more

5

Equipment Equipment potentially used for SBE patient care and antivenom storage (e.g.,

pulse oximeter, stretcher)

24

Supplies Medical and other supplies potentially used for SBE patient care and

antivenom storage (e.g., sterile gloves, bandages)

28

Medicines Medicines potentially used for SBE patient care (e.g., antibiotics, sedatives) 12

* In Round 2, expert judges were asked to evaluate whether each professional category should have been trained in

the clinical management of snakebites and/or storage of antivenom.

https://doi.org/10.1371/journal.pntd.0011921.t004

Table 5. Characteristics of expert judges in the survey round.

Characteristics Expert judges (N = 20)

Age1 (yrs) 44.8 (10.9)

Gender2

Male

Female

12 (60%)

8 (40%)

Profession2

Physician

Nurse

5 (25%)

15 (75%)

Professional experience1 (yrs) 11.9 (7.6)

Practicing state2

Amazonas

Acre

Rondônia

Roraima

São Paulo

Federal District

10 (50.0%)

1 (5.0%)

2 (10%)

2 (10%)

3 (15%)

2 (10%)

Expert criteria score1 10.90 (2.61)

1 Mean (SD)
2 N (%)

https://doi.org/10.1371/journal.pntd.0011921.t005
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Type 3 were considered Essential. All items suggested by survey round expert judges were

added for a total of 80 items.

Phase 2. Anonymous Phase 1 results were fed back to the expert judges. The open discus-

sion focused on Essential versus Desirable item classification in Type 1 community health cen-

ters, with some conversation on item priority in Type 2 centers as well. Judges raised concerns

that without certain items, Type 1 centers would not be able to adequately treat potential

adverse reactions from antivenom. Most judges, however, advocated that the function of Type

1 centers is early treatment, including antivenom, and patients can be transferred to higher

level care (Type 2 or Type 3) in the rare case of an adverse reaction. After discussion, all expert

judges agreed with this opinion, and classified 36 items (45.0%) as Desirable and 44 items

(55.0%) as Essential in Type 1. However, in Type 2 centers, expert judges classified most items

as Essential (97.5%). Expert judges considered all 80 items (100%) as Essential in Type 3 units.

No items were considered Unessential or Undesirable. Only one nominal group meeting was

required to reach JPA�75% on all items.

Round 4: Checklist finalization and closing criteria

The final lists of essential and desirable items, respectively, for all three types of health units are

outlined in Table 7.

With this final list, the expert steering committee outlined which procedures each type of

health unit should be equipped to perform (Table 8). The Essential items considered for Type

1 centers are sufficient for antivenom premedication, storage, and administration, whereas a

significant number of items required for treatment of early adverse reactions, management of

complications, patient follow-up, and patient accommodation were considered Desirable.

Type 2 centers had two or less items considered Desirable for each procedure. Type 3 units

had all items for these procedures classified as Essential.

The final minimum requirements checklist is available in English and Portuguese in S5 File.

Discussion

To our knowledge, this study is the first to determine the minimum supplies and staff required

for safe and effective antivenom administration in community health centers, and, in doing so,

develop a standardized checklist to evaluate health unit capacity for antivenom. Our results

Table 6. Characteristics of expert judges in the nominal group meeting.

Characteristics Expert judges (N = 10)

Age1 (yrs) 46.1 (10.2)

Gender2

Male

Female

5 (50.0%)

5 (50.0%)

Profession2

Physician

Nurse

Pharmacist

4 (40.0%)

4 (40.0%)

2 (20.0%)

Professional experience1 (yrs) 19.4 (7.8)

Practicing state2

Amazonas

10 (100.0%)

Expert criteria score1 12.3 (1.4)

1 Mean (SD)
2 N (%)

https://doi.org/10.1371/journal.pntd.0011921.t006
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Table 7. Essential and desirable items in the checklist by each type of health unit.

Item Essential (E) Desirable (D)

Type 1 Type 2 Type 3 Type 1 Type 2 Type 3

Human Resources*

Nursing technician/nursing assistant X X X

Registered nurse X X X

Physician X X X

Clinical analysis laboratory X X X

Pharmacist X X X

Equipment

Pulse oximeter X X X

Clinical thermometer X X X

Sphygmomanometer X X X

Bag-valve-mask X X X

Intubation kit for children X X X

Intubation kit for adults X X X

Stretcher X X X

Stretcher trolley X X X

Hospital armchair X X X

Intravenous infusion pole X X X

Phlebotomy armrest X X X

Defibrillator X X X

Vaccine refrigerator X X X

Domestic type refrigerator X X X

Refrigerator thermometer X X X

Oxygen cylinder X X X

Oxygen flowmeter X X X

Water bath X X X

Glass tubes X X X

Emergency trolley X X X

Stethoscope X X X

Ice pack X X X

Styrofoam box X X X

Wheelchair X X X

Heart monitor X X X

Reclining stretcher X X X

Hospital screen X X X

Supplies

Syringes 1 mL X X X

Syringes 3 mL X X X

Syringes 5–20 mL X X X

Flexible peripheral venous catheter for children X X X

Flexible peripheral venous catheter for adults X X X

Rigid peripheral venous catheter for children X X X

Rigid peripheral venous catheter for adults X X X

Cotton wool X X X

Gauze X X X

Multi-way or 3-way tap X X X

O2 catheter X X X

(Continued)
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highlighted three key findings: (1) the definition of Type 1 health centers and its list of Essen-

tial items by expert judges is consistent with the Brazilian Ministry of Health, WHO snakebite

strategic plan, and a general snakebite capacity guideline in India (internal validity), (2) the list

of Essential items for antivenom administration and clinical management is feasible and aligns

Table 7. (Continued)

Item Essential (E) Desirable (D)

Type 1 Type 2 Type 3 Type 1 Type 2 Type 3

Needles (13x4.5) X X X

Needles (25x7) X X X

Needles (25x8) X X X

Medical tape X X X

Tourniquet for blood collection X X X

Non-sterile gloves X X X

Sterile gloves X X X

Measuring tape X X X

Skin marker X X X

Bandage X X X

Macrodrip IV infusion set X X X

Micro Drip IV infusion set X X X

Scalpel blade X X X

Oxygen mask X X X

Disposable surgical mask X X X

Suture kit# X X X

Penrose drain X X X

Central venous catheter X X X

Indwelling urinary catheter X X X

Urine collection bag X X X

Laryngeal mask airway X X X

Medicines

Corticosteroids X X X

Anti-histamines X X X

Adrenaline X X X

Painkillers X X X

Opioids X X X

Diuretic X X X

Saline 0.9% X X X

Glucose solution 5% X X X

Antibiotics X X X

Sedatives X X X

Topical anesthetics X X X

Antiseptics X X X

Anticonvulsivantes X X X

Bicarbonate X X X

Antiemetics X X X

Atropine X X X

* Professional categories in which snakebite envenoming training is Essential or Desirable
# Suture kit includes scissors, tweezers, nylon thread 3.0 / cotton 0.2, and scalpel

https://doi.org/10.1371/journal.pntd.0011921.t007
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with the literature regarding snakebite clinical care (reliability), and (3) engagement of local

experts is critical to developing and implementing an antivenom decentralization strategy

(feasibility).

Internal validity: Snakebite envenoming care in community health centers

Our results defined community health centers as primary care clinics capable of providing

emergency care to snakebite envenoming patients, including antivenom, with the capacity to

refer all or severe patients to a higher-level unit after antivenom administration. Health unit

capacity was further defined by the minimum Human Resources, Equipment, Supplies, and

Medicines outlined in the final checklist for Type 1.

These results align with the Brazilian MoH definition of CHCs and their scope of practice.

The MoH states CHCs are primary health facilities with a small team, usually one doctor,

nurse, nursing assistant (matches Essential items in Type 1 centers), and at least four commu-

nity health workers (CHW) [41]. CHWs were not included in the checklist—likely due to its

explicit focus on clinical care. In terms of practice, the MoH states services provided by CHCs

include preventative care, public health interventions, maternal and child health care, manage-

ment of chronic non-communicable diseases, referrals to higher-level care as well as social,

sanitation, and other services [42,43]. The Equipment, Supplies, and Medicines items listed in

the checklist, excluding antivenom, fall under those required to perform these services [44].

Further, in 2020, the SUS launched the Requalifica Programme to construct, expand, and

refurbish CHCs with the goal of ensuring adequate infrastructure [45]. This aligns with the

Basic Health Information section of the checklist requiring a regular power supply.

Our results are also in accordance with the WHO definition of CHCs and their capacity.

The WHO strategy for prevention and control of SBE specifically aims to improve “access to

essential medicines, including antivenoms, and all other medical drugs, equipment, and con-

sumable items” and ensure “appropriate staffing” in primary health care services [46]. Our

checklist categories—Human Resources, Medicines, Equipment, and Supplies—match these

target areas. The WHO strategy, however, does not specify the essential items recommended

for snakebite care in CHCs. This study adds to the literature in offering a detailed perspective

on the minimum requirements for safe, effective antivenom administration and clinical man-

agement of snakebites in a low-resource, high-burden region.

One other study in India, although general, also provides perspective on this tenet of the

WHO strategy. A team of researchers utilized data from a population-linked facility survey

conducted by the MoH and Family Welfare, Government of India, to conceptualize structural

capacity for snakebite care [18]. This assessment is largely like our checklist, but differed in

that it was more conceptual and had a focus beyond clinical care in its inclusion of two

Table 8. Summary item classifications as Essential or Desirable by clinical SBE procedure.

Clinical procedure Number of items needed Essential (E) Desirable (D)

Type 1 Type 2 Type 3 Type 1 Type 2 Type 3

Antivenom premedication 22 17 22 22 5 0 0

Treatment of early adverse reactions 31 13 29 31 14 2 0

Antivenom administration 18 16 18 18 2 0 0

Management of complications 33 13 32 33 20 1 0

Patient follow-up 12 8 12 12 4 0 0

Antivenom storage 5 5 5 5 0 0 0

Patient accommodation 5 1 4 5 4 1 0

https://doi.org/10.1371/journal.pntd.0011921.t008

PLOS NEGLECTED TROPICAL DISEASES Minimum requirements checklist for snakebite envenoming treatment in the Brazilian Amazon

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011921 January 19, 2024 15 / 22

https://doi.org/10.1371/journal.pntd.0011921.t008
https://doi.org/10.1371/journal.pntd.0011921


additional categories: Governance and Finance and Health Management Information Systems.

After explaining its assessment model, the study explicitly called for a specific health facility

survey (like the checklist developed) to assess SBE care capacity [18].

Reliability: Essential items for antivenom administration and clinical

management

The debate regarding essential items for Type 1 centers parallels the data and health profes-

sional opinions present in the literature, specifically the critical need for antivenom in CHCs,

longstanding fear of adverse reactions to antivenom, and additional training for health profes-

sionals. This concordance suggests the data informing the checklist is reliable.

There was no debate among expert judges regarding whether antivenom was essential in all

three types of health units. Several other studies among professionals in the Brazilian Amazon

ubiquitously argue antivenom as an essential medicine in CHCs [2,4,5,8,11,13–

15,17,19,47,48]. In addition, research on snakebite envenoming care across India [49,50],

French Guiana [51], Burkina Faso [52], and Myanmar [53] highlights the need for antivenom

availability and accompanying equipment in their primary health care centers. A multi-coun-

try study regarding access to antivenom in Malaysia, Thailand, Indonesia, Philippines, Viet-

nam, Lao PDR, and Myanmar also explicitly argues “strengthening the supply chain of

antivenoms to ensure that antivenoms are readily accessible at the point of service,” primary

health units [54].

While antivenom is internationally recognized as an essential medicine in primary care,

some expert judges in our study raised serious concerns regarding the capacity of CHCs to

adequately treat potential early adverse reactions to antivenom. This fear has been documented

in previous Brazilian Amazon [19] and rural India [55] studies and likely stems from the more

frequent and severe reactions observed with older, pre-2000s antivenoms that required hospi-

tal treatment [56,57]. With newer, improved antivenoms, the frequency of early adverse reac-

tions is low - around 15% in the Brazilian Amazon [58] - and almost always a mild skin

reaction as reported by studies in Brazil [58] and Costa Rica [59]. It is worth noting that

whether items required for treating reactions were essential to Type 1 CHCs was the largest

obstacle to reaching consensus amongst the expert judges. The ultimate decision to not include

these items was only accepted given the existing referral pathway from CHCs (Type 1, Type 2)

to hospitals (Type 3).

The reluctance of some judges to accept leveraging lower-level units for time-sensitive treat-

ment, even with referral networks in place, is likely due to the hospital-centric narrative and

training surrounding snakebite envenoming care. This is supported by how easily the judges

reached consensus on essential items in Type 3 health units, or hospitals. But, when asked to

determine Essential versus Desirable items for the lower-level Type 2 and Type 1 centers, there

was significantly more disagreement and debate surrounding whether patient care can be

extended from hospitals to earlier along the care continuum despite its safety and proven effec-

tiveness in other settings, namely antivenom decentralization in Costa Rica [59] and a pilot

trial of a nurse-led antivenom clinic Tanzania [60].

This is reflected in the expert judges’ call for specifically trained physicians, nurses, and

nursing assistants in CHCs, also in accordance with the literature in Southeast Asia [54], Nige-

ria [61], India [55], and Burkina Faso [52]. In contrast with this view, several studies also high-

light lack of knowledge and call for additional, reformed training amongst hospital-based

health providers, in particular the United States [62] and Bhutan [63]. Most decentralization

initiatives recommend training for the primary health care providers, but, considering the

lengthy debate between expert judges in this study and emerging literature on potential gaps
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in SBE training for hospital-based providers, we suggest decentralizing training programs

across the continuum of care. Hospital-centric curricula, nor a sole CHC focus, are adequate

to address a severe, time-sensitive disease predominantly occurring in remote and rural areas.

Feasibility: Engagement of local experts for successful decentralization

planning

A modified-Delphi method engaging local experts was necessary to develop a valid and reliable

minimum requirements checklist that is feasible within the current health unit structure in the

Brazilian Amazon. Without engaging local experts, 11 items (notably only one of which con-

sidered essential in Type 1 centers) would not have been added to the checklist, nor would

training across the care continuum—specifically how to address early adverse reactions—been

identified as a priority to antivenom decentralization strategies.

Several studies have argued the success of health care decentralization programs is highly

dependent on the context [64]. Influencing contextual factors include cultural norms, values,

practices, and beliefs; geographic environment; and a well-functioning health system, includ-

ing logistics support, supplies, and equipment [65]. A study on decentralization and health sys-

tem performance in India identified three determinants of performance: health workers,

health facilities, and agents of decision making, patients, and the community [66].

Regarding health workers and agents of decision-making, care coordination, training, and

support for CHC health professionals is critical to decentralization success. Our team has been

conducting trainings with health professionals as funding allows, and established both an

online group and an SMS-based care coordination messaging system to connect professionals

with each other as well as experts at our institute/hospital, the Foundation for Tropical Medi-

cine in Manaus. The online group includes doctors, pharmacists, nurses, and even biologists

to support these health professionals real-time in the identification and management of snake-

bites, from determining the snake species to medication administration. The SMS-based mes-

saging system connects professionals with an expert at our institute/hospital to answer any

questions, also in real-time. In addition, health professionals in Type 1 and Type 2 units often

communicate with each other via radio or telephone, and engage senior staff to support and

advise in snakebite envenoming cases.

Narrowing in on health facilities, the study detailed the “availability of infrastructure, equip-

ment, and supplies” as well as “accreditation status” as critical components [66]. The checklist

developed addresses these two components and represents an initial milestone for determining

the absolute minimum supplies and staff necessary for safe and effective antivenom adminis-

tration and clinical management. Given the structure of the Brazilian health system is already

decentralized to municipalities, and the essential items align with the current capacity of

CHCs, antivenom decentralization is feasible.

Limitations

As with all Delphi studies, the quality of data collected is tied to the qualifications and experi-

ence of the participating experts. To obtain the most robust data possible, we engaged three

groups of expert judges across four rounds of iteration, and expert qualifications, experience,

and demographics were disclosed in detail to promote transparency. A potential bias exists in

the lack of health professionals actively working in community health centers. The objective of

the study, however, was to determine the essential items to safe and effective clinical care of

snakebites. Clinical and clinical research experts were thus engaged.
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Conclusion

Decentralization of antivenom access is a set of strategic actions to reduce mortality and mor-

bidity from snakebite envenoming, primarily affecting historically neglected and invisible pop-

ulations. This study joins an international set of evidence advocating for decentralization,

adding value in its definition of essential care items; identification of training needs across the

care continuum; and demonstration of the validity, reliability, and feasibility provided by

engaging local experts. Specific to Brazil, further added value comes in the potential use of the

checklist for health unit accreditation as well as its applications to logistics and resource distri-

bution. Future research priorities should apply this checklist to CHCs in the Amazon region of

Brazil to determine which CHCs are or could be capable of receiving antivenom and translate

this expert- driven checklist and approach to snakebite care in other settings or other diseases

in low-resource settings.
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M, et al. Snakebites as cause of deaths in the Western Brazilian Amazon: Why and who dies? Deaths

from snakebites in the Amazon. Toxicon. 2018 Apr; 145:15–24. https://doi.org/10.1016/j.toxicon.2018.

02.041 PMID: 29490236

15. Feitosa ES, Sampaio V, Sachett J, Castro DB de, Noronha M das DN, Lozano JLL, et al. Snakebites as

a largely neglected problem in the Brazilian Amazon: highlights of the epidemiological trends in the

State of Amazonas. Rev Soc Bras Med Trop. 2015; 48 Suppl 1:34–41. https://doi.org/10.1590/0037-

8682-0105-2013 PMID: 26061369

16. Schneider MC, Vuckovic M, Montebello L, Sarpy C, Huang Q, Galan DI, et al. Snakebites in rural areas

of brazil by race: indigenous the most exposed group. Int J Environ Res Public Health. 2021 Sep 5; 18

(17). https://doi.org/10.3390/ijerph18179365 PMID: 34501955

17. 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 Mar; 17:100143. https://

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

18. Bhaumik S, Norton R, Jagnoor J. Structural capacity and continuum of snakebite care in the primary

health care system in India: a cross-sectional assessment. BMC Prim Care. 2023 Aug 11; 24(1):160.

https://doi.org/10.1186/s12875-023-02109-2 PMID: 37563556

19. Monteiro WM, Farias AS de, Val F, Neto AVS, Sachett A, Lacerda M, et al. Providing antivenom treat-

ment access to all brazilian amazon indigenous areas: “every life has equal value”. Toxins (Basel).

2020 Dec 5; 12(12).

20. Scriven M. The Logic and Metholodology of Checklists [Internet]. Western Michigan University; 2005

[cited 2023 Aug 22]. Available from: https://wmich.edu/sites/default/files/attachments/u350/2014/logic

%26methodology_dec07.pdf

21. ThomassenØ, Espeland A, Søfteland E, Lossius HM, Heltne JK, BrattebøG. Implementation of check-

lists in health care; learning from high-reliability organisations. Scand J Trauma Resusc Emerg Med.

2011 Oct 3; 19:53. https://doi.org/10.1186/1757-7241-19-53 PMID: 21967747

22. Shillito J, Arfanis K, Smith A. Checking in healthcare safety: theoretical basis and practical application.

Int J Health Care Qual Assur. 2010; 23(8):699–707. https://doi.org/10.1108/09526861011081831

PMID: 21125965

23. Haugen AS, Sevdalis N, Søfteland E. Impact of the world health organization surgical safety checklist

on patient safety. Anesthesiology. 2019 Aug; 131(2):420–5. https://doi.org/10.1097/ALN.

0000000000002674 PMID: 31090552

24. Gillespie BM, Marshall A. Implementation of safety checklists in surgery: a realist synthesis of evidence.

Implement Sci. 2015 Sep 28; 10:137. https://doi.org/10.1186/s13012-015-0319-9 PMID: 26415946

25. Haynes AB, Weiser TG, Berry WR, Lipsitz SR, Breizat A-HS, Dellinger EP, et al. A surgical safety

checklist to reduce morbidity and mortality in a global population. N Engl J Med. 2009 Jan 29; 360

(5):491–9. https://doi.org/10.1056/NEJMsa0810119 PMID: 19144931

26. Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H, Cosgrove S, et al. An intervention to

decrease catheter-related bloodstream infections in the ICU. N Engl J Med. 2006 Dec 28; 355

(26):2725–32. https://doi.org/10.1056/NEJMoa061115 PMID: 17192537
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