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Abstract

The sole treatment for snakebite envenomation (SBE), the anti-snake venom (ASV), suffers from considerable drawbacks,
including side effects and limited species specificity. Additionally, despite its existence for more than a century, uniform
availability of good quality ASV does not yet exist. The present review describes the journey of a SBE victim and highlights
the global crisis of SBE management. A detailed analysis of the current ASV market has also been presented along with
the worldwide snake distribution. The current production of country specific licensed ASV throughout the globe along with
their manufacturers has been examined at the snake species level. Furthermore, a detailed analysis of on-ground situation
of SBE management in antivenom manufacturing countries has been done using the most recent literature. Additionally,
the export and import of different ASVs have been discussed in terms of procurement policies of individual countries, their
shortcomings, along with the possible solution at the species level. It is interesting to note that in most countries, the exist-
ence of ASV is really either neglected or overstated, implying that it is there but unsuitable for use, or that it is not present
but can be obtained from other countries. This highlights the urgent need of significant reassessment and international col-
laborations not just for development and production, but also for procurement, distribution, availability, and awareness. A
PROMISE (Practical ROutes for Managing Indigenous Snakebite Envenoming) approach has also been introduced, offering
simple, economical, and easy to adopt steps to efficiently alleviate the worldwide SBE burden.

Keywords Anti-snake venom - Anti-snake venom manufacturing - Export and import - Global policy - PROMISE
approach - Snakebite envenoming management

1 Introduction

Anti-snake venom (ASV) is the only approved treatment
for snakebite envenoming (SBE), the biggest public health
crisis, that arises when a snake injects poisonous venom
following a bite [1-3]. Despite the availability of ASVs for
more than 100 years, more than 150,000 people are likely
to die from snakebites globally, especially the poor in rural
areas in developing countries [2, 4, 5]. The World Health
Organization (WHO), in its 2019 and 2021 roadmaps, has
aimed to halve the annual global SBE burden by 2030 [6, 7].
One of the four pillars of this roadmap is availability of safe,
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effective, and economical ASVs to people, and its improved
control and regulation [8]. However, there have been reports
about the flooding of market with low quality ASVs fol-
lowing the cessation of production by a major global ASV
manufacturer [9]. The complexity of the venom components,
geographical limitations, low funding, and improper ASV
regulation are other issues in SBE management [4, 10, 11].
The latter is particularly important since even countries with
capabilities of ASV production fail to properly manage SBE
without proper ASV distribution policies. Thus, to reduce
SBE burden and to ensure that no victim is left without treat-
ment, it is necessary to understand the ASV market for bet-
ter disbursement, regulation, and regional control. This will
help in bilateral improvements in health policies with direct
benefit to the poor victims and marked reduction in SBE
induced fatalities and disability adjusted life years.

The present review summarizes the major causes of global
crisis in SBE management and current ASV manufacturing
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practices of all the recognized ASV producers in a single
map at the species level. To the best of our knowledge, this
is the highest resolution snake biodiversity and antivenom
manufacturing map ever published. For countries that do
not produce, but import ASVs, respective import routes and
procurement flaws have been highlighted, and alternative
vendor countries have been suggested in terms of species
specific ASVs availability. Finally, a PROMISE (Practical
ROutes for Managing Indigenous Snakebite Envenoming)
approach has also been proposed comprising of straightfor-
ward, cost-effective, and easily implementable measures for
immediate reduction in the global SBE burden.

This article is expected to aid policymakers for improved
fund allocation, regulation of ASV production, procurement,
and distribution, with learning from case studies of several
countries around the world. This information should also be
useful for decision making for countries who wish to procure
ASV from alternative countries that produce more specific
ASVs. Additionally, it will aid in educating the physicians
about the ASVs available in one’s own and neighboring
countries and improved SBE patient management. Finally,
the PROMISE approach should serve as easy to implement
ideas for any country interested in reducing SBE burden
without significant economical investments.

2 Method

Initial search was done on Scopus with the term ‘snake-
bite’ or ‘antivenom’ along with individual ‘country name’ in
‘article title, abstract, and keyword’ section. Region specific

studies from 2020 onwards that documented the on-ground
situation of antivenom availability in the country were
included. Studies focused on alternative antivenoms, patient
case studies, venom characterizations, non-human victims,
other animals, and antivenom manufacturing were excluded.
In case no relevant article could be found on Scopus, a gen-
eral internet search was done using the same keywords to
find the relevant literature. Where appropriate, the reference
list of included articles was also screened to identify the
most appropriate article.

3 The Global SBE Management Crisis

A victim’s journey from SBE to receive ASV therapy is
filled with multiple hurdles (Fig. 1). The first is transporta-
tion to a health centre because SBE is largely the disease
of the poor people from rural or remote areas in develop-
ing or low-income countries. These places often lack good
health care centres and have poor transportation facilities
which also force patients to resort to traditional healers over
modern medicine [12—-14]. Nevertheless, once a patient
manages to reach a health care center, the next hurdle is
SBE identification, because not all snakes present with a
distinct clinically identifiable set of symptoms, the snake
description reported by the patient or the attendant is often
inadequate, and many health care practitioners (HCPs) have
only limited knowledge about SBE [2, 15]. Other hurdles
include availability of the species-specific and good quality
ASV in appropriate quantity. Affordability is another major
hurdle, not just that the ASVs are expensive, but the costs of
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Fig. 1 The journey of a SBE victim. The coloured boxes indicate
the major hurdles in ASV therapy. The outcome of the antivenom
therapy can be lifesaving or fatal depending upon the quality, speci-

ficity, efficacy, dosage, time of administration, and side effects of the
antivenom administered. Note that affordability includes ASV cost as
well as other hospital expenses
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additional therapies and hospital further limits affordability
for the poor [16]. For a patient who crosses all these hurdles,
the administration of the ASV serves as a critical life-saving
point and marks the end of, what we call, the phase I of the
patient’s journey to SBE therapy.

The administration of only a safe, affordable, specific,
and good quality ASV can mitigate the effects of SBE [17].
This is the beginning of phase II of the patient’s post therapy
struggles because the administration of the ASV does not
guarantee permanent cure. Low quality ASV can lead to
mild to severe side effects in patients [18]. Further, ASV
may not always be effective in preventing SBE mediated
damage. This is often the case when the patient arrives hours
after the bite or the ASV administration is delayed because
of phase I hurdles. Studies recommend early ASV admin-
istration within 2—6 h post bite [19-21]. This is because
delayed ASV therapy can prevent further damages, but it
cannot reverse the damage already done [22]. Addition-
ally, delay in bite to needle time not only increases systemic
envenomation, but also increases the number of ASV vials
required for treatment, along with length of hospital stay, as
well as the risk of morbidity and mortality [19].

Unfortunately, even after administration of a good quality
and effective ASV, complete cure from SBE effects is not
guaranteed and late adverse reactions of ASV and disability
adjusted life years are common [2, 18]. This is phase III of
the patient struggle which may continue for the entire lifes-
pan. Nevertheless, the earliest possible administration of safe
and specific ASV is the only available treatment paradigm
to save a SBE victim’s life and this is still not accessible in
many countries. A deeper analysis about the targeted spe-
cies, ASV production, and procurement strategies is thus
needed to fully understand the global status of ASVs.

4 The Global Status of Anti-Snake Venoms

Although SBE continues to be a cause of worldwide con-
cern, it has affected some parts of the world worse than oth-
ers (Fig. 2). The global distribution of SBE burden, number
of snake genera and species found in each country, ASV
production in various countries, targeted genera, and the
number of anti-snake venoms manufactured against each
genus in different regions, as listed in the WHO database
[23], are summarized in Fig. 2a. The corresponding export
and import network of anti-snake venoms along with the
number of ASV manufacturers in each country are presented
in Fig. 2b.

The number of ASV manufacturers have increased from
46 to 51 since 2018 [23, 29]. However, the variability in
the global ASV distribution and the limited availability of
ASV against some genera is still quite evident. Furthermore,
the ASV against many genera are produced by a single
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manufacturer in a given country. In fact, 29 out of 37 coun-
tries have a single ASV manufacturer. A detailed description
of the ASV status around the world is discussed below.

4.1 Asia

This region has the highest burden of SBE in the world and
contributes to 70% SBE mortality globally [30]. There are
about 300 snake species including 70 venomous snakes.
However, most countries manufacture ASV against only a
few species. As a result, the use of non-specific ASVs for
treating bites from non-targeted species is frequent across
almost all countries. For example, in mainland China,
envenomations with green pit viper are recommended to be
treated with ASVs against snakes from the same subfam-
ily Crotalinae with unsatisfactory therapeutic efficacy [31].
Even in India, which is a leading producer and exporter of
ASVs in the world, ASVs against the big four species is
used to treat all SBE cases. However, this polyvalent ASV
is ineffective in treating bites from other medically impor-
tant snake species present in the region, such as H.hypnale,
Echis sochureki, Naja kaouthia, and C. malabaricus, voicing
the need for availability of appropriate ASVs [32-35]. Also,
the Indian polyvalent ASV exhibits limited efficacy against
identical species in different parts of the country due to dif-
ferences in the venom composition [32, 36-38].

Of the many manufacturing countries, India and Iran are
the only ASV exporters in the region. While the Iranian ASV
is permitted in a few Middle East countries, India exports
its ASV to Africa, Middle East, and South Asia. It can be
said that the South Asian region is majorly dependent on the
Indian ASVs. Nevertheless, since South Asia bears 70% of
the global SBE burden, special attention must be given to
the Indian ASV manufacturers [30]. No information about
the ASVs available in Bangladesh and Afghanistan could be
found in the WHO database despite the significantly high
SBE burden in these regions.

4.2 Africa

In Africa, a region with a high annual SBE incidence of up to
100 thousand, most afflicted countries do not produce ASV.
The continent has only four ASV manufacturers listed in the
WHO database, one each in Algeria, Tunisia, Egypt, and
South Africa. Antivenoms from neither of these 4 manufac-
turers is approved in other African countries. The sub-Saha-
ran Africa region, which bears the second largest burden
of SBE after Asia, thus has only one ASV producer in this
region i.e. South Africa [9]. Here also, there is discrepancy
in ASV availability between rural and urban areas [39]. The
African countries depend on imports from other continents,
which risks the supply chain and raises the cost of already
expensive ASVs which is estimated to be US$100-153 in
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«Fig.2 Geographical distribution of snakes, snakebites, anti-snake
venom production, the targeted genera, and species. a Global snake-
bite cases, snake distribution, ASV production, its distribution, and
the targeted genera. Numbers in white boxes represent the number
of snake genera followed by number of species found in respec-
tive countries. Each symbol represents a genus targeted by the
antivenom(s) produced in each country. The number of targeted spe-
cies of a genus is written inside the corresponding symbol. Numbers
in parentheses represent the total number of antivenoms produced
by the manufacturing country against the given genus. * represents
investigational product. G/S correspond, respectively, to the num-
ber of genera and species present in a country. Note: Ecuador shut
down ASV manufacturing in 2012, and the last batch of Croatia ASV
expired in 2019. Both countries are now dependent on imports [24]
[25]. b Antivenom manufacturers and import/export. Numbers inside
the circles represent the number of antivenom manufacturers in the
corresponding country. Note: Kenya recalled Indian antivenoms in
2023 due to inefficacy and is aiming self-manufacturing [26] [27].
Based on published data and WHO [23, 28]

the region [9]. Further, the market is unstable and the pro-
duction of many ASVs has been stopped in the past. Chad,
Ghana, Central Africa Republic, and Nigeria have already
faced increased mortality due to the poor quality of some
ASVs when a leading foreign ASV manufacturer stopped
supply [9]. Furthermore, efficacy data of the imported ASVs
is majorly lacking [40]. In addition, the venoms used for
ASV production are sourced from limited suppliers only.
Given the vastness of this region and the biogeographical
venom variation of the multitude of species found here [41],
extensive cross-reactivity studies of existing ASVs can be an
interim solution to the SBE problem.

4.3 North America

There are more than 30 species of pit vipers in the region
and almost 9,000 SBE cases are reported annually [42].
Within the family, rattlesnakes account for the majority of
the casualties because of their potent venom and widespread
distribution. The first ASV was approved as early as 1954.
Costa Rica is the major ASV producer in the area followed
by Mexico and USA, in terms of number of targeted snake
species. Costa Rica is also a major exporter of ASVs and
has product marketing approvals in neighbouring as well as
African countries.

4.4 South America

Manufacturing of ASVs is an old tradition since 1901 when
the first ASV was developed in Brazil [43]. However, only
limited amounts of ASV are produced due to the restricted
capacities of the only four ASV producing laboratories [44].
Antivenom is also produced in Argentina, Peru, Colombia,
Venezuela, and Bolivia. However, despite the presence of
multiple ASV manufacturers, many countries are dependent
on import and ASV supply is usually insufficient [45]. Also,
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not all the ASVs are undergo quality control and preclinical
efficacy assessments [43]. The importance of the former can
be understood from Eucador, where ASV manufacturing was
decommissioned owing to flaws in production process, and
the manufacturing plant was closed in 2012 [24]. Ecuador is
now dependent on ASV import from Costa Rica.

4.5 Europe

It has a burden of approximately 8000 SBE annually and the
medically relevant venomous snakes belong to the Viperinae
family [46, 47]. There is a long history of ASV production
in Europe and almost 13 laboratories produced it in early
1980s. However, in Croatia, the last ASV batch expired in
2019 and Croatia, despite possessing ASV manufacturing
capabilities, is currently dependent on imports [25]. Nev-
ertheless, trust in immunotherapy, has recently increased
with availability of purified and well tolerated ASVs. There
are several ASVs for vipers in Europe [47, 48]. Recently, a
new polyvalent ASV has been shown to be effective against
European vipers [49]. Only two manufacturers from United
Kingdom and Spain export ASVs. The Spanish ASV is a
cornerstone product for many African countries. This is a
Pan-African ASV which is claimed to target 22 snake spe-
cies from 4 genera. However, this product has not been
recommended by the WHO. The WHO has terminated its
risk—benefit assessment without making any recommenda-
tions [23]. Also, none of the European ASVs is licensed by
the European Medical Agency [48].

4.6 Australia

Snakebite envenomings are rare in Australia, but some cases
may be life-threatening [50]. Brown snake, tiger snakes,
black snakes, death adder, taipan, and sea snakes are the
major clinically important snakes in the region [51]. ASV
is produced in the region since 1930 and ASVs were devel-
oped against all major snake groups as early as 1962 [52].
However, there is only a single manufacturer, and it does
not export its ASVs. Commercial snake venom detection
tests are available, however, due to the polyvalent nature
of Australian ASVs and problems with the kit's results, the
emphasis has turned to identifying envenoming in patients
rather than snake identification [53]. The region also has
diverse species of sea snakes but a single monovalent ASV,
raised against a Malaysian snake, is used to treat all sea
snake envenomations [21].

Despite the aforementioned issues, different countries of
the world have made attempts to lower the SBE burden in a
variety of ways, but a number of barriers still exist. Table 1
summarizes the most recent information on these.
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Table 1 (continued)

18
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Barriers in SBE management
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Country*
Australia

Region
Australia

Springer

Need of cold chain transport

Limited shelf-life

Single antivenom to treat envenoming by

all sea snakes — due to rarity of sea snake
envenoming-more time for administering

antivenom than terrestrial SBE cases
Limited clinical evidence to support use of

this antivenom for sea snake envenoming

The table lists the anti-snake venom (ASV) manufacturing countries and companies. Additionally, it presents a non-exhaustive list of effective steps taken by ASV manufacturing countries and

the existing gaps in snakebite management. The information has been sourced from the WHO snake ASV database [23] and the most recent literature (2020-present) to provide insights into the

present situations in these countries. The list is by no means exhaustive and additional steps or gaps might be present in the respective countries

#For Algeria, Argentina, Bulgaria, Egypt, Peru, Poland, Russia, Turkey, Uzbekistan, and Venezuela, no relevant literature, published 2020 onwards, could be found

5 The Problem with Imported Anti-Snake
Venoms

It is important to remember that, even when ASVs from
one nation are used to treat SBE in another, the ASV may
not be successful because of regional differences, leading
to less effective ASVs on the market, as seen in the case of
Sri Lanka [54-56]. Also, there are cases where the imported
ASVs are not raised against any endemic species of a coun-
try. For example, in Jordan, one of the countries in mid-
dle east with maximum number of snakebites, the single
imported ASV is raised against African snakes that do not
occur in Jordan and is clinically ineffective [57]. Analysis
of the efficacy of imported ASVs against envenomation by
endemic species is important as their efficacy is not always
guaranteed. Recently, Kenya recalled the Indian ASV upon
evidence of its inefficacy in treating Kenyan snake enveno-
mation cases [26]. It must be noted that the recalled ASV
is listed in the WHO snake ASV database and is claimed to
target many species found in Kenya [23]. Kenya may now
partner with Costa Rica for technology transfer and aim
local ASV production in next three years, as per the reports
[27]. However, bringing Kenyan ASV to market will not be
an easy task. Sri Lanka had earlier collaborated with Costa
Rica and US for a similar goal [22]. However, it has been
almost a decade since the collaboration, but the clinical trial
data has not been published. In their another collaboration
with a leading antivenom manufacturer in India, a product
has shown better pre-clinical efficacy than currently used
Indian ASV, however, its additional pre-clinical and clinical
studies are still required [58]. The country is still dependent
on import from India, whose ASV has been reported to bear
limited efficacy against Sri Lankan snake species [54, 58].

For almost all countries, the imported ASVs do not tar-
get all regional species. Some of these missed species are
even of the highest medical importance with their respective
ASVs available for sale in other countries. The list of pos-
sible vendor countries where ASV is available for each of
the missed species of each importing country (as per WHO
database) is provided in Table 2. Organizations like WHO
that deal in the purchase and distribution of ASVs in under-
developed nations like sub-Saharan Africa should also find
Table 2 useful [8]. For example, the Spanish ASVs may be
useful in targeting species of Jordan and the Brazilian ASV
for targeting snakes in Paraguay. Greater international coop-
eration between countries is thus needed to import other/
additional ASVs. Still, for many other species no ASV is
available in any part of the world. Production of newer
ASVs, inclusion of venoms of these species in immuno-
gen mixtures used for ASV production, or cross-reactivity
studies of existing ASVs should be undertaken for dealing
envenomation cases with these species.
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6 Lessons from the World-The PROMISE
Approach

Now that we have established that ASV administration is the
crucial part of the SBE treatment process, it is obligatory
to investigate the current ASV market. Nevertheless, other
obstacles also play a key role while treating SBE (Fig. 1
and Table 1). Although infrastructure improvements and
research into developing next generation ASVs [59] are
definitely needed to ensure availability of ASVs in distant
areas and overcoming limitations of current ASVs, as also
discussed in other roadmaps [60], these are not expected to
be encouraged given the neglected nature of SBE. Thus, to
improve the other aspects of SBE management, we recom-
mend the PROMISE (Practical ROutes for Managing Indig-
enous Snakebite Envenoming) approach which comprises of
economical and simple yet effective steps to be undertaken
by all countries interested in reducing SBE in their regions.
The approach is discussed below in detail and summarized
in Fig. 3.

6.1 Alliance with Local Healers

The integration of traditional healers into the SBE manage-
ment pathway should be considered. In this regard, a registry
of legitimate healers must be made and advertised among
the masses. While the registry would ensure the exclusion of
non-qualified self-claimed healers who can worsen patient’s
condition, the release of a list of authorized healers from the
regulatory agencies would help in gaining the trust of those
local people who prefer traditional therapists over hospi-
tal care. The HCPs can teach these registered local healers
about the initial SBE management and local healers may
help with diagnosis, first aid, and timely referral to health
care centres. Besides saving lives, their referrals would also
help in estimating SBE statistics more accurately and reduce
under-reporting. Success with such an integrated approach
has been reported in African countries for Human African
Trypanosomiasis (sleeping sickness), HIV, and psychosis
in terms of improved diagnosis or clinical outcomes for
patients [14, 61].

6.2 Improved Communication and Overcoming
Transport Barrier

Improvements in phone and internet services, and trans-
portation can enhance the health seeking nature among the
masses, as in Ethiopia [62]. The transportation barrier can
also be partially lifted by facilitating ASV distribution and
establishment of poison information centers. In absence
of a centralized ASV distribution program based on local
SBE epidemiology, concentration of ASVs in populated

areas over others and increased product cost may occur, as
in Colombia [63]. Also, victims in rural and remote areas
may remain deprived of ASV despite in-house production
and free distribution, such as in Brazil [64]. Further, strict
vigilance is needed for adequate distribution of ASVs across
all levels of healthcare systems. In Kenya, ASV is unavail-
able in dispensaries despite governmental guidelines [65].
Additionally, the teleconsultation services of poison infor-
mation centers can also prevent patient transport, help in
knowledge propagation among clinicians, and potentially
lower expenses and expedite diagnosis and treatment, such
as in Taiwan [66]. The guidelines for establishing such cen-
tres have recently been updated by the WHO [67]. Also,
their establishment should also be followed by its publicity
among the HCPs. In South Africa, many physicians do not
call such centres simply because they do not know that such
centres exist [39].

6.3 Gaining Trust
6.3.1 Patients in Healthcare System

In Brazil, even if some rural areas have access to ASVs,
people prefer to travel long distances in a search for more
trustworthy treatment [64]. This is one important issue
which is usually ignored by most policy makers. A poten-
tial solution could involve the circulation of annual reports
from healthcare centers regarding SBE cases treated and
their corresponding outcomes, both within the healthcare
community and to the public.

6.3.2 Doctors in ASV Therapy

The trust of doctors on ASV therapy is also important. In a
survey conducted in Vietnam, doctors advocated the supe-
riority of traditional healers over ASV for SBE manage-
ment [68]. Also, in Kenya, health care workers have reported
non-administration of available ASV to victims because of
fear of adverse reactions [69]. Sharing case reports of suc-
cessful ASV therapy on a regular basis can be beneficial in
this regard.

6.3.3 Doctors in Themselves

Treatment of SBE is not included in the medical course syl-
labus even in countries with high SBE burden such as India
[15, 70]. Further, due to the least number of victims or the
available treatments, usually the preparedness of the health
workers towards SBE is minimum. In multiple surveys as
well, HCPs from different countries have admitted their
lack of knowledge in SBE management [15]. Management
of SBE and ASV associated adverse reactions must thus
be included in the curriculum of undergraduate medical

@ Springer



Journal of Epidemiology and Global Health (2024) 14:586-612

596

SNuUDI2q1]
SNANS2AIUILL] “STPUOLIIUIIADS
SNANSIAIUILL], UDZD]DS SNANSIAUL
-1 ‘snundpppuiry sdoayoqojosq
‘nuopaal sdoayroqojodd ‘snup
-Kpppuiry snipLopn) ‘yppm snand

[puerrey ] ypuuvy snSvydo
-1ydQ ‘[WeUdIA ‘puB[IeY], ‘Teul

-ung 4281 snapdung ‘snpiar]  -uekn| viymovy vlvy ‘[puerey], vlvu vloN 1M)2ssNL (e1sYy)
snap3ung ‘sapro4vdunq snapsung ‘eiseuopuy] sm1osnf snipsung p10gD(] ‘SNAINAIDI SnAD3Ung ‘d'T WNISSHUY WOUIA 9Yeus BIpU] redoN BISY
[puerrey ] smmnovwoaindind
SnAnsaouild] [pueyrey]] sn.int
s1suaupuuns -y342 SNINS2UUILL] ‘[WIRUIIIA
SNANSAIUILL] IONT SNANS2UIULLL], ‘puerIey.L] S1IGDJOqID SNANSILD
VY224dwns sSnnsaLauiL] ‘1yo0q -wird] ‘[eury)] smpuwnbso.ronu
-npy sdoayroqojosd ‘nuopial sdoayroqojosq ‘[puereyy,] yvu
sdo.y10q0101d “sisuotvjppubus -uy sn3vydorydo “[puelieqL] p1yInovy vlvN UIUSATIUR BIGOD ISOUWIBIS TewueA Al TewueA Al
plbN 1Suyovy3upm snipdung punagpwns vlvy ‘[puefrey]] o ’
‘smpmopUIUSDW SNADSUNg stsuawpis ploy ‘[PUBITEY, B1S S1ISUUDIS DIOGDJ (1od1A s J1essny) 1odIp-nIUY JTewueA A TewueA A
‘sdaotapyf snavsung 2 -euopuy] snv1ospf snapsung (e1svy)
snapSung ‘sapro4vsunq snapsung ‘[puerreyy,] snpipuno snavdung QUON ‘d'T WNISSHUY WOUIA dYeus BIpUL TewueA Al BISY
wpS.L0u VISauU ournbyg
QUON. QUON  -ULIIDA| ‘1111242dSDS $2)sD12)) ~ —WOUIANUY YRUS JUS[BAK[O] 'IqRIY IpNeS Jremny] BISY
[uredg ‘eiqery 1pnes] vud{8an
visauuridypp ‘[ureds 1dA3q]
1p]2Yf $215D1200pNaS g ‘[URIS
-Djeqz() ‘AodIng, ‘eIsruny, ‘e1qIos
‘ureds (Jo d1[qnay Orwesy)
uely 9dA3q ‘eneor) ‘ed3[y]
DPUI2q3] D42d14010D P ‘[WOPSUTY]
pajun Sy ‘ureds ‘erqery
pneg ‘[oeis| 9dA3q] smero[od
siyoy “[uredg ‘oesy 9dA3H] (STYOY) WNIdSHUY WOUIA LU
avunsanipd vrogo(J ‘[e1qery (USABUIIA))
sisuappodua sidsppovay  1pnes ‘uredS] 1mpa1adsps sa1sp12) UON UIXOIuy WOUIA yeus BIpU] uepiof BISY
(921n0s aumby)
SNIDL0]0D SIYITT WNIdSHUY SNJBIO[0D STYIH [orIs] [QrIs]
(921n0s aumby)
avunsavipd vrogoq wniesnuy seunsdeed eradip [orIs] [orIs]
pd{8ap visau
-ULIDIIDA “1P]aY S2ISDL2D0D
-Nnasd ‘SNip40jod s1yayg ‘avu
112]]onuu10q viad -usavppd vrogoq ‘Ma42dsv3
-1ayUO Ry ‘SisuapppSua s1dsvioviyy QUON §21SDU2)) ‘S2ISDAID S2ISDID)) VNAIN widIesouy uredg [o®RIST BISY
J[qe[ieAr [se1unod Anunod Sunioduwr
wouaAnue ou—sar1oads passIA Jopuaa J[qrssod] soroads passIA ur pajasdie) saroads pawre[) QUWIBU WOUANUY Anunood Suniodxg  Anunod Suntoduwy uoI3oy

(ASV) woudA ayeus-nue jo yromiau 1todwi—11odxe [eqo[3 ay], g 3|qel

pringer

AQs



597

Journal of Epidemiology and Global Health (2024) 14:586-612

pringer

pjosyuout vaadip

SnuvI1quIDSSowt

S1U.1010]2Y ], ‘12Ysp vlbN ‘11230[

SO 1Sy 3Ny YO ‘MOSIPM
sidspiovapy ‘sijoydosdonu

s1dspiovayy xvjof s1dspiovayy

QUON

snppydad
-0UOS11] SNANSAUIUILL], ‘DADZ
apudAp ‘vdou appudpy ‘ajpuddy

appudKpy ‘snowojlad snan3ung

QUON

snup{v]
-puiy SNIPLoID NUOYPUWIDU

siydoonstizg ‘snoisiad snapdung

mysjoyu

vaadip ‘nuosiapup s1dsviovayy

QuON

[eorgy

ynos] sndqy snprjoydsi ‘[e1s

-tung, ‘uredg ‘eiqery ipnes ‘erpuy
9dA3q ‘e1103[y] $2150.420 $2150.42))

[ureds ‘(o orqnday

otwe[s|) uely] snoisiad saisp

-1200pnasd ‘[uesnyeqz( ‘uredg

‘uelsyed ‘(Jo oriqndoy orwe[sy)
uel] ‘RIpU[| SMIDULIDD S1YD7]

QuUON

QuON

[uredg ‘(3o orqndey orwreysy)
uely] snoistad $215D1200pNasq
‘[ueisjeqz ‘AodIng, ‘ersruny,

“e1q1ag ‘utedg ‘(Jo o1qnay
orweysy) uely 9dASg ‘eneor)

‘@LIOS V] pu112qa] niadiaolopp

[enreor) ‘erreSing] nuisin
D4adiA [WOPSUTY paju() YL
‘uredg ‘e1qIo§ ‘UONEIOPY,] UEIS

-sny ‘puejod ‘eneor)) ‘eLredng]
sniaq vaadip ‘[Koyng, ‘uredg ‘erq
-19§ 9dA39 ‘eneoi) ‘euesng]
sailpounup viadip ‘[uredg ‘(Jo
oriqnday] orwe[sy) uely] suosuad
$215D4200pNasq ‘[uredS] 1yzivs
-oyy sty ‘[ueisryeqz() ‘uredg
‘uesoyed ‘(Jo orqndoy orwreysy)

uel] ‘erpuy] smpuind s1yoq

alvy vloy
$42)sD300M2] 1Y ‘DIIUD)
-LNDW DI0GD(] ‘SIISDIDD
§21SDA20) ‘SUDJILID S11G
vajnfgns vloN
‘s1suap3auas vloN ‘vinu
-unavs vlvN ‘vpypd vlbN
‘§17]001431U DIDN ‘S1ISU1IDY
vlvN ‘alby vloN ‘wnpruvid
SO ‘SMID]1220 SO
“4apsn300nay swyasy ‘sidajkjod
s1dspodpua(q ‘suviarip sug

SISUIUDUIO
Sy ‘131242dsn3 $215012))

vlou vloN
‘SMIDULIDD S1YO7 “11]2SSNA
logn(q ‘Snajniand snapsung

113242ds3 $215012))

puvixo vlvN

‘plvu vloN ‘SMIPULIDD STYOTT

‘1]assN4 D10GD(] ‘SNUDPULS
SnApSung ‘Snapnaand Snip3ung

vilbu vloN

SMIDULIDD SIYOF ‘11]2SSNA
v10gD(] ‘SNINLIDD SNADSUNG

D21GDAD DIDN ‘SISUIUDULO
SIYOF ‘SMIDA0]0I SO ‘111242
-dspg $2)sv420) ‘SUDIALID SYIG

VNI wydresoug

BOLIJY-Ue( jy d10souy

Qumbyg
—UWIOUAIUY eUS JUI[RAK[O]

(e15v)

‘d'] WNIASHUY WOUIA yeUS
qumbyg

—WOUdANUY yeus Jus[eAL[od

wng
WOUIA eUSHUY JU[eAA[0d

(e1sv)
‘d’T WNISSTIUY WOUIA dYeus

umbyg
—WOUAANUY yeus Jud[eAK[O

uredg

uredg

eIqery Ipnes

BIpu]

eIqeIy Ipnes

uejsIyeq

eIpu]

eIquIy 1pnesg

0JJ0I0N

TeIN

avn

eyue| S

1e1ed)

uejsnyed

ue)soyed

uew(Q

As

eOLYY

LYY

BISY

eISY

eISY

BISY

eISY

J[qe[reae
WOUAT)UR OU—S10ads PasSIA

[sornunod
J0opuaa J[qrssod] soroads passIA

Anunod Sunioduwr
ur pajesie) saroads pawre[)

QWERU WOUANUY

Anunoo Suniodxyg

Anunod Sunioduwy

uoI3oy

(ponunuoo) zsjqey



Journal of Epidemiology and Global Health (2024) 14:586-612

598

SNOLIDQUIDST S1UL0JO]Y ],
‘SNUDIIQUIDSSOUL STUL0J0]IY |
UPUD]IALY S1UL010]2Y ] ‘S1SUIADD
S1U1010]2Y ] ‘S1IDI1042dNS S112
-yIodd ‘upjos albyopnasq
12Ysp plpN ‘DivjnuUD DIDN
‘S1UpM3aLal s1dsviovayy Xvj
-1of sidspionapy “nuoiqiq

s1dsp1ova1y ‘Di2S1upnbs s1Y1y

112801 S1Y27 MOSIDN
sidspiovayy ‘s1joydoadnu s1dspy
-ova1y ‘vlopidajosotut S1dsviovayy

npuvpmy

S1U4010]2Y [ ‘DASIU 2[DYOPNas
US0[ ST ‘S1YI210]YD S142YIY

s1suadpo s1i01

-0y ‘MPUDJILY S1UL0JO]Y ]

‘up1o8 alvyopnasyg ‘1€1s1.440

ploN ‘vivpmuup vloN v11y>UD

plvN ‘StpMSa.i1 s1dsp1ovary

UU0q1q S1dSDIIVALY ‘D231

-onbs s112y1y ‘1€2]pp0o4q S1YIY  BIPUT “@ITY BISOD)] S1ULI0I1SDU SUIG

npuvpmy

S1U4010]2Y [ ‘DASIU 2[DYOPNasq

‘NUpjos alvyopnasyg ‘1uosipm

s1dspiovayy ‘snjoydoadnu s1dspy

-0DA1Y ‘SIS 211 S1dSDIODLTY

‘D42STUDNDS SLIYIY ‘S1Y0240]YD
S1YIY ‘162]pPo.Lq S11Y1Yy

[eouyy yinos “dA3g
ey ©IS0D)] Po1quUIDSSOW DIDN

‘[eoryy yno§] snddy snpijoydsiq

[eoryy yinog] sndy snpijoydsiq

[eotyy yinog] sndds snprjoydsiq

[eoryy yinog] sndy snprjoydsiq
‘[eoryy yinog ‘uredg ‘erpuy]
wosaw( sidspoipua(g ‘[uredg

[uredQ] sisuappSauas
vlbp ‘[uredS] sisuarpy vlbnN

‘[eoryy ynog] snd$y snpijoydsiq

vanfgns vloN
‘opijjvd plvN ‘s1jjoo1S1U
vlbN ‘alvy vlvp s1dajjod
sidspoipuaq ‘uosaul
sidspoapua(q ‘sdadousnSun
s1dspoipua(q ‘S1L021SDU S11G
‘DOMOGDS SUIG ‘SUPIILID S1IIG
s1suapp3auas vloN ‘vinu
-unavs oy ‘s17]021431u vIoN
‘S1Sua1DY PILN ‘SNIP]]20
S1Yo5 4U21S30IN2] Y2 ‘SIp1
-114 s1dspoapua(q ‘sidajfjod
s1dspoipua(q ‘Suviaiip suig
pnuupADs Pl
‘S17]021481U DIDN ‘S1SU2UING
ploN ‘sipria sidspoipuaq
‘s1dajfjod sidsvoipuaq
‘Sod200utys sy1g ‘SUL0D
-1SDU SY1g ‘SUDILID S1IG

pajnjgns
ploN ‘s1yj0o1131u ploN ‘DoN2}
-ouvjaut vlvN ‘alvy vlbN
‘s1dajfjod sidsvoipuaq
DOMOGDS SN ‘SUPIILID S1IIG
WUDWOL SIYOF ‘SNID]]220 SIYOT
pvanfgns vl ‘DpuupaDs
ploN ‘S17]021481u DIDN ‘DONI)]
-ouvjaut vloN ‘alvy vlvN
SMIP]1220 S U2ISPS0ON3I)]
S1Yoqg ‘Sipri1a s1dsvoipua(q
‘quosaupl sidspotpuaq
‘DOMOGDS SUIG ‘SUDIILID S11G
wpuIoL Sy
SNID]1220 SO “421SPS00N3)]
SIYO ‘SIUL021SDU S11g
‘DOMOGDS SUIG ‘SUPIILID S11G

BOLIJY-Ue jy d10souy

BOLIY-UR] j dIosouy

BOLIJY-Ued yy dIasouy

LY @uAwdianuy
CVARLEE|

(eoL1V)
WNIdSUY WOUA dYeus

pmbr gOr-snid-qv Loy

uredg

uredg

uredg

OJIXJN
wop3ury] pajup oy,

eIpug

BOTY BIS0D

J[qe[reae
WOUAT)UE OU—S10ads PasSIA

[sernunod
Jopuaa J[qrssod] saroads passIA

Anunod Sunioduwr
ur pajasie) saroads pawre[)

QWERU WOUANUY

Anunoo Suniodxyg

BIUBZUE], BOLIJY
[eSoueg BOLIJY
QUOYT BIIAIS BOLIJY
oSuo) jo orqnday BOLIJY
BLIDSIN
BLIDSIN
BLIDSIN BOLIJY
Anunod Sunioduwy uoi3oy

(ponunuoo) zsjqey

pringer

AQs



599

Journal of Epidemiology and Global Health (2024) 14:586-612

HpUpAYy SIUL0J019Y |,

‘vuS1u 2lpyopnasg ‘upjod alvy

-opnasq ‘vivnuup vlpp ‘14a30(

snyog ‘syjoydosonu s1dsvrov.ary

‘SUDMEaL11 S1ASVIOVAYY DASIUL
-vnbs S1IYIY ‘S1YI240]YD S1IYLY

1NpuD]IALY SIUL010]dY [ ‘DASIU
albyopnasq ‘upjos alvyopnasd
‘WoSIpM $1dspIonyy ‘SUDINSa.LI
s1dsponATy ‘S1O2L0]YD S1IYTY
upuvjpy 1101019y I ‘Upjos
alpyopnasy ‘vippnuup vloN
‘SLUpM3aLi1 s1dsviovay viaSu
-vnbs s112y1y 162]pvo.q s11ay1y

Hpuvpy

$1U4010]2Y |, ‘DASIU 2[DYOPNasq

‘TUOSIDM S1ASDIODATY ‘SIIDINS211
S1dSDIODATY ‘S1YI210]YD SLIdYTY

[erensny] 1jousissos sy
-apnasq ‘[erensny] 10usissol
syoapnasd ‘[erensny] snuvn
-dnd snyoapnasyq ‘[erensny| sny
-p]j21nds snupindx ‘[errensny|
pYayvY1 S1Y02d001p) ‘[ROLITY
ynos] sndqy snprjoydsi(q ‘[eiren
-sny] snsosn. siydoyjupoy
‘[erensny] s1aap) swydoyyupoy

[eoryy yinog] sndds snpijoydsiq

QuoON

[eoLyyy yinog] snddy snpijoydsiq

s15UaIPS2UdS DILN ‘DINU
-upaps vloN ‘s17]001481u DIV
‘Donajouv)aut vlvN ‘s1su1IDY
ploN ‘sisuaoums vloy ‘snp]
-1220 S1Y27 ‘Sip1i1a S1dsposp
-ua(q ‘s1dajfjod sidsvotpuaq
‘Quosawnl sidsvotpua( ‘soia
-00UIYd SY1g ‘SIUL0IISDU SIG
DOMOGDS SN ‘SUDIILID S1IG
S1ISU2|PE2UIS
ploN ‘Dinuupavs vlvpn ‘s1
-1021481u lbpN ‘S1SU1IVY PIDN
‘S1su22uInd lpN ‘SN0
S1yo7g ‘Sipri1a sidsvoipua(
‘uosaupl sidspospuaq
SOL200UlYL SYIG ‘STULOD
-1SDU S ‘SUDIALID S

ppnuupavs ploy
‘S17]021481U DIDN ‘S1SU2UING
ploN ‘Snip)1220 SO ‘Sipriia
s1dspodpua(q ‘suviarip sug
ppnuupaps vloN
‘$17]021431U DIDN ‘S1SU2UINS
plvN ‘SnID)1220 SO ‘S1prila
sidspoipuaq ‘mosaunl
s1dspoipua(q ‘suviarip sug
$17]001481u DIDN
‘vonajouvjaul vivN Wosaul
s1dspoapua(q ‘SuL021svu S1g
DOOGDS SN ‘SUDIILID S1IIG
SISUIP3IUIS
plbN Dnuuvavs iy ‘s
-1001181u DIVN ‘S1SUIDY DIDN
‘s1sua2und vlvN ‘Snipjjaoo
s1yorg ‘sipriia sidsvoipuag
‘wosawpl sidsvospuaq
‘Sod200ulyd sy1g ‘SUL0d
-1SDU SYIg ‘SUPIaLID S11g

BOLIJY-Ued yy dIasoug

BOLIJY-UR jy dI0souy

oLy @uAwdianuy

(eoLyv)
WNIISNHUY WOUIA dYeUS

BOLIJY-UR] jy dIosouy

BOLIJY-Ued yydI1osoug

J[qe[reae
WOUAT)UR OU—S10ads PasSIA

[sornunod
J0opuaa J[qrssod] soroads passIA

Anunod Sunioduwr
ur pajesie) saroads pawre[)

QWERU WOUANUY

uredg BIUIND BOLIJY
uredg rUBYD)
OOIXaIA rURYD
eIpu] eueyn eIV
uredg uoqen BOLIJY
uredg oSo[, BOLIJY
Anunoo Suniodxg  Anunod Suntoduwy uoI3oy

(ponunuoo) zsjqey

pringer

As



Journal of Epidemiology and Global Health (2024) 14:586-612

600

Hpupjy
S1U4010]2Y [ ‘DASIU 2[DYOPNasq
‘11p|o8 alvyopnasd ‘sijoyd

[uredg] sisuaj

-vdauas vy ‘[uredg] sisuanpy
ploN ‘[edryy ynos] sndqy snp
-1joyds1q ‘[ureds ‘erpuf ‘eory

ppnuuvaps vloN
‘S17]021431U DIDN ‘S1SU2UING
plvN ‘SMp)1220 S1Yo7 ‘S1priia

-0.401U S1dSDIODAYY ‘SIUDINSaLLL ©IS0D)| so4200unys suig ‘[uredg sidsvoapua(q ‘sidajSjod (eo13y)
S1dSDIODATY “SIYD210]YD SLIYIY “BIPUJ “BOTY BISOD)| S1UL0I1SDU S11g s1dspoipua(q ‘suviarip suig WNIASHUY WOUIA eus BIpU[ QIIOAL,P 210D BILIJY
S1ISU2IPE2Uds PIDN ‘DINUUDADS
ploN ‘s177001181u DIDN ‘SIS
-uanvy loN ‘Snvj20 ST
“21s0300M32] S1yo7 ‘s1dajkjod
s1dspoipua(q ‘suviarip suig BOLIJY-UR( 5y dIosouy uredg ose] eunjing
$1]091181U DIDN
1mosIpm S1dspy ‘SNID)]220 S0 421SPS0D
-op4py ‘styjoydosonu sidsvionayy  [edLyy ynos] sndqy snprjoydsiq -N2] SO ‘SUPIdLID SUIG pmbr 4D1-snd-qv 1yog BOIY BISOD) ose] eunyIng BOLIJY
S1sU2|p8auas vloN
‘DIuupADSs DIDN ‘S1]014131U
ploN ‘vonajounjaw vlvN
‘sisuauy vloN ‘smpj1a20
S0 421SD300N3] SO
‘sipri1a sidspoapua(q ‘s1dajd
-1od sidspotpua(q ‘wosaunl
s1dspoipua(q ‘S1uL021SvU S1g
‘DOMOGDS SUIG ‘SUPIILID S11G BOLIJY-ued yyd1osoug uredg
pnuupADs plvN ‘s17]091481u
ploN ‘Donajouv)aw vlvoN
SNIP]1220 SO 121SDF00N3)]
NPpUD]IALY SIUL010]Y ] ‘DASIU syor ‘sipraia sidsvoipuaq
alpyopnasg ‘1uosipm s1dspy ‘s1dajfjod sidsvoipuaq
-op4py ‘styjoydosonu sidsppovayy  [edyy ynoS| sndqy snpryjoydsiq  ‘vouognd suig ‘Suviaiip suig LY @uAwdianuy O0DTXIN urueog ROLIJY
SNUDIIQUIDSSOUL STUL0J0]IY [eouyy yinog “dA3g
UpUD]IALY S1UL010]2Y ] ‘S1SUIADD ‘eory BIS0D)| vo1quivssowt vl pajnfqns vlop ‘s17]021481u
S1U4010]2Y ] ‘aD121youp PIDN DID] ‘[eoryy yInoS] vafipnuup vl plvN ‘s1dajSjod sidspoipuaq (eo13y)
-nuup ploN ‘Nu04qiq Sidsviovgy  [edlyy YInoS| sndAy snpnjoydsiq — ‘vomogns suig ‘Suviarip sy1g WNIISTIUY WOUIA AYeUS RIpU rviquey ROLIJY
SISUIP3IUIS
plbN Dnuuvavs iy ‘s
-1001181u DIVN ‘S1SUIDY PIDN
1puvjLLy ‘S1SU22UINS DIVN ‘SNID]]220
S1U11010]2Y [ ‘DASIU 2[DYOPNas s1yoq ‘sipriia sidsvoipua(g
‘upjos albyopnasyq ‘syoyd ‘s1dajfjod sidspoipuaq
-0421U S1ASDIOVATY ‘SIUDINS LA ‘S04200UlYL SIG ‘STUL0D
s1dspiovary ‘siyoatopyd suayly  [edyy ymnos] snddy snprjoydsiq -1SDU S1Y1g ‘SUDIALID SIG BOLIJY-Ued yyd1osoug uredg 1580 AIOAT BOLIJY
JIqe[ieAr [serunod Anunod Sunioduwr
wouaAnue ou—sa1oads passIA J0opuaa J[qrssod] saroads passIA ur pajasie) saroads pawre[) QUWIBU WOUANUY Anunood Suniodxg  Anunod Suntoduwy uoi3oy

(ponunuoo) zsjqey

pringer

AQs



601

Journal of Epidemiology and Global Health (2024) 14:586-612

‘SUD32]2 SNANAIT
‘DUDISDIP SNAMADI ‘TUMOLG
SNANMADIN “SNJOISSNL UOPOLISTYTY

WosIpm s1dsvy
-ova1y ‘Stjoydo.diut S1dsnionayy

SNOLIDQUIDST STULOJO]IY |
‘nupjos alvyopnasg ‘12ysv vloN
‘SUDN3a.41 S1dSv1OVAIY XD

s1dsp1ovary NU04q1q S1dSIODALY

D42STUDNDS S1IDYTY “IXIDSIP S149

Y1y ‘SNUDIIGUIDSSOU STU.10J0]dY ]

[0oTXOIN ‘BOTY
©IS0D)| §M10UID04SIU SNANIDIN
‘[0o1XaIN| UPIqD2) SNVIOLD)
‘[erquioj0D)] L2fiinv S1Yd211Y10g
[eouyy yInog ‘uredg ‘0dIXIN
‘erpuy 9dA3q] pagnfgns vlon
‘[eorryy yanog ‘uredg ‘OOIXIIN
‘erpuy 1dA3q] ppnuuvaps vlon
‘[wopSury paytuf) AYL, ‘0IXIA]
‘@IpU] ‘BOTY ©ISOD)] 1upULOL S1YOT
‘[eoryy ymog] snddy snpijoydsiq

[eotyy yinog] sndds snproydsiq

snuns snpjod)) “adsp sdoaylog

sp3awokiydo wmpiyiiod
WINSDU WNIPIYII0] DdUl]o
snpodpdppiapy ‘Shnp1oI0
snpodpdpIa ] ‘SnupIIXIU
snppoondppiapy ‘snuiis snivi
-04) “upuipos uoipydo.ia)
‘adsp sdoayjog ‘snuisspjpyy
s1aLy0g 11321428
S1Yo214Y10g 10]01q S1YI21L
-y10g ‘SNIDaUIJIG UOPOLISIYSY

anignu vl
‘s177001481u DIDN ‘2lDY DIDN
4215D300N3] SO ‘SISDIID
§21SDA2)) ‘SUDJILID S11G
vajnfgns vloy ‘vpiipd vioN
‘s177001481u DN ‘2lvY DIDN
wmpnuvadd siyog ‘sidajfjod
sidsvoapuaq ‘wosaunl
sidspoapua(q ‘sdadonsnSun

s1dspodpua(q ‘S1L01SDU SIg

DOOGDS SN ‘SUPIILID S
vanfgns
ploN ‘s17j021481u vIDN ‘olDYy
vlbN ‘s1dajfjod sidsvoipuaq
‘uosaupl sidspospuaq
‘DOMOGDS SUIG ‘SUPIILID S11G

101g oued
-LIOWRONUL)) OJIPYONUY 0INS

paziiydoAT dDI-BAlOd

VNAN wydiesouy

BOLIJY-Ue jy dI0souy

(eoLV)
WNIdSHUY WOUIA dYeus

BUNUISIY

BOIY BIS0D

uredg

uredg

eIpug

J[qe[reae
WOUAT)UE OU—S10ads PasSIA

[sernunod
Jopuaa J[qrssod] soroads passIA

Anunod Sunioduwr
ur pajasie) saroads pawire[)

QWERU WOUANUY

Anunoo Suniodxyg

e[ewalenD)
B[eWleND)  BOLIOWLY YJION
peud BV
eAuoy]
AU BOLIJY
Anunod Sunioduwy uoi3oy

(ponunuoo) zsjqey

pringer

As



Journal of Epidemiology and Global Health (2024) 14:586-612

602

2w
SHANADIY ‘TUOS)IN uoIpIydo.s
-12)) ‘1pLo]3p1vmoy uopoLIsrysy

QUON

DUIDISDIP SNL

SMDIY “TUDIID SHANADIP “TUOS]IN

uoip1ydos1a)) ‘10440fins $14221.4
-y10g PLOISPAPMOY UOPOISIYSY

SNIOUIDOASIU SHANAII

sn3awoltydo wnipi

-YLIOg “WNINSDU WMPIYLI0f

‘snupoixaut SnjpoINdpa

‘snuils snpjo) uadsp sdo.
-y1og ‘1ja3apyos sudaLyog

sv8auof1ydo wnipi

-Y110q WNINSDU WMPIYLIOF

‘snupdIXaU SNJIPoIIdDII

‘snuiis snpjoa) uadsp sdo
-y1og ‘U2821yds suydaLyIog

QUON  snud1s snppjod)) “adsp sdoayiog

QuoN smpjoaoup) sdonjiog

sndawolydo
WNIPIYILO “WNINSDU WNIPLy]
-10d ‘SMIIOUIDOATIU SNANADI
‘snnp1220 snpwoondvya
‘SnupdIXaUL SNJILoINdpI N
‘sminuopur snjmoondopa
‘snmuis snpio.L)) Uadsp
sdo.ayiog ‘snuissojpyy
SHyod1YIOg H25YOS S140
-2LIYIOg “WIUDUL S1YIILIYIOG
SNIOUIDOLZIU STATLIDIA

svdawof1ydo wnipi
YO “WMNSOU WNIPIy1i0q
‘Snnp1020 snppoddoa W
‘snupdrxaur snjppodqdoia
‘snpnuopul snjpodidopa
‘SIS SNIn1oY) Uadsp
sdoayjog ‘snuissvjoyy
S1YoILYI0g T]252[Y9S 1Y)
-2LYIOY WUV SIYIINIYIOT

QUON  snudis snppjod)) “adsp sdoayiog

pmbry dDI-0Y0D

pazi[iydoAT dOI-[BATIOd

pmbr dDI-[eAlIOd

q71D "1019g oued
-LIQWEOIUI)) 0JIPYONuy 0IoNng

Avdorqiog

paziiydoAT dDI-[EATOd
pmbr dDI-[eY0D

pmbry dDI-[BATIOd

q710 1014 oued
-LIQWEONUI)) 09IPYONUY 0Iong

BOTY BISOD

BOTY BISOD

BOITY BIS0D

rUNUAZIY
wop3ury] pajup oy,

BOTY ©IS0D

BOTY BISOD

BOTY BIS0D

BUNUIZIY

eneIedIN

eneIedIN

engeIedIN

enSeIedIN  BOLIOWY YJON

onbruniey  eoLOWY YlION

SeINPUoOy

SelnpuoHy

SeINPUOg|

SEINPUOY  BOLISWY UJION

J[qe[reae
WOUAT)UR OU—S10ads PasSIy

[sernunod
J0opuaa J[qrssod] saroads passIA

Anunod Sunioduwr
ur pajasie) saroads pawre[)

QWERU WOUANUY

Anunoo Suniodxyg

Anunod Sunioduwy uoi3oy

(ponunuoo) zsjqey

pringer

AQs



603

Journal of Epidemiology and Global Health (2024) 14:586-612

snu
-1U2342) SNANAISIS ‘SNYIUDXKAND
SIPI0INLINN “IPAD]]IM SNIDIOL)
‘S14811 snpp104) “1Sudydays snpy
-04)) ‘snyaadd snpproa) ‘12014d
SNIpIOLD) ‘SMIPULO SNDIOL) ‘SNP
-1da] SnppOL) ‘SNL12Q12D SNIDIOL)

NJ1A2UWNP SNANLII

‘SNON2JOSSIP SNANAIIN “IYAD]O SN
-MAD1JY “1DSDS U0Ip1YdoLia)) ‘sny
-vpound sdoayjog Waq0 SNANIII

QuoN

[erquojo))]
smpavdiu snanao1py ‘[elq
-wo[0D)] SIPLIIA0LSIU S1YI21IY10g

SN
STANLISIS ‘STIDUIIDI SNANLISIS
‘SIpLIIA SNIDIOLD) ‘SMIDININIS
SN0 “U2qNL SNDIOL)
SNUD3240 SNIPIOL)) ‘SNSSOJOUL
SNIpIoL) ‘SNPLLIOY SNDIOL)
XD SNIPIOLD) ‘SNIIUDUDPD
snpp1o4) ‘1410]AD] UOPOLISIYSY
‘sn4041251d UOpPO4ISIYSY

XLILAOJUOD UOPOLISTYEY

UON
§2ISD12D S2ISDII))

SNLADIJIUL STANAISIS
‘SIpLIIA SNID]OLD) ‘SMIDININIS
SNIDJOLD) U2qNA SNDIOLD)
‘SMUDS210 SNIPIOL)) ‘SNSSOJoOUL
SNIPIOLD) ‘SNPLLIOY SNDIOL)
X0.Ip SNIPIOLD) ‘SNIIUDUDPD
snp1o.4)) ‘Sni0a13s1d uopo.y
-SIYSY X14110JU0D UOPOLISTYSY
SNIOUIDOASIU STINADTN

WnInsvu wnipl
-Y10g ‘N842GSUD] WNIPIYILOJ
‘SNuUDIIXIUL SNJIDOINAPII W
‘s€aydouays s1sayovy
DPLOY20.49D S1SaYoDT “Uadsp
sdoayrog ‘suviiovidns
S1YoaY10g “1]232[10S
S1Y2211110g ‘S1D12ID] S1YO
-a1yj0g “10pvaid saprodory
WnINsvu wnipl
-Y10g ‘NS42GSUD] WNIPIYILOJ
‘SNUDIIXIU SNJIDOINAPII W
‘s€aydouays s1sayovy
DPLOY20.49D S1SaYoVT “Uadsp
sdoayrog ‘stviiovidns
suoaLyog 11821428
S1Y2211110g ‘S1DI2ID] S1YO
-a1y10g “‘10pvaid saprodory

42dsp sdoayjog

((AuUIAQ) Qe Qunuwy
JUQTRAA[Od 9BPI[LI0I)) 01D
BOLIJY-Ued yy d1osoug

VNAN wydiesouy

@diaeuy
pmbr dOI-Ted0D

pozi[iydoAT dOI-[BATIOd

pmbry dDI-[BATIOd

q710 1014 oued
-LIQWEONUI)) 0JIPYONUY 01ong

vsn

uredg

OOIXAIA

BOTY BISOD

BOTY BISOD

BOTY BISOD)

BUNUISIY

vsSn

vsn
Bweueq

BOLISWY YJION

dhindin®

hidin®

eWeUEd BOLIOWY YJION

J[qe[reae
WOUAT)UR OU—S10ads PasSIA

[sornunod
J0opuaa J[qrssod] soroads passIA

Anunod Sunioduwr
ur pajesie) saroads pawre[)

QWERU WOUANUY

Anunoo Suniodxyg

Anunod Sunioduwy uoI3oy

(ponunuoo) zsjqey

pringer

As



Journal of Epidemiology and Global Health (2024) 14:586-612

604

10un0as paadip

QUON

QUON

sny
-d€1o0ya1Ld snanadnpy ‘syviuolf
SHANAII “SLUISOL]D SN

sy
-d£100Yaald SNANLOIY ‘SNANISQO
SMANADIA] “NIINPADU STANAIIA
UYILLdUWdY SNANLDI ‘STID]
-]2UUD SNANADIPY ‘SIONADIDIOUDS
sdoayrog ‘snuvipup sprydosodyiog

[eneo1) ‘eure3ng] ruisan viadip
[ueisryeqz() ‘Aoyang, ‘erstung,
‘e1q1o§ ‘uredg ‘(jo oriqndey
orwreysy) uely 9dA39 ‘eneor)
‘eS| punaqa) niadiaolovpy
[wopSuryy
pajun Ay, ‘ureds ‘eiqrog
‘UONRIIPI urISSNY ‘pue[od
‘eneor)) ‘erres[ng| snsaq viadip
[erquiojo) ‘Tizerd] sniposiuwia]
SHANLO1Y ‘[[1Ze1g ‘eunuasdiy]
SNUIIIL0I SNANOI “[11Ze1g]
suaosagnd sdoayrog ‘[eory ©ISOD)
‘Iizeaq ‘eunuadry| waloow
sdoayjog ‘[091XIA ‘BIqUIO[OD)
‘Nizeig] sisuassotr3onput sdoa
-1j0g ‘[eory ©IS0)) ‘[IZeIg ‘eun
-uadry | nssnovavupl sdoyjog
‘[eory 180D ‘BrqUIO[O)) ‘[1ZRIg
‘eunuadry| vovuvuvl sdonyiog
[erquiofo)] sisuawvurins
snan.o1p ‘[eiquojo)] nxids
snanao1py ‘[erquiojo) izeid]
SMIDISIUUWD] SN “[11ZRIg ]
smp1uan) sdoayiog [eory BISOD
‘Iizeag ‘eunuadry] waloow
sdoayjog ‘[OITXIN ‘®IqQUIO[OD)
‘Nizerg] sisuassoidoyput sdos
-y10g ‘[n1dd ‘eory eiso) ‘[izeid]
112p4q sdoyrog ‘[eiquojo) ‘[z
-e1q] smwauipiq sdoayiog ‘[nixd]
snuppyrydotonu svrydosodyjog
‘[naad] nuosdoky svrydodoayiog

sniaq vaadip ‘sidsp vaadip

QUON

QuUON

QUON

QuON

snssinp snpjo.)) ‘sniodip
sdoayrog ‘smpuaagp sdoaylog

pInuL S1S2YOVT “1PaIm

-nau sdoayjog ‘xop sdodyjog
SNSSLANP SNIPIOLD)
apaimnau sdoayrog ‘wvyipuol

sdoayrog xonp sdoayiog
snsSLnp

snppro4)) ‘sniodip sdosyiog
42U}

SMANADIA] “STIAINS SNANLOTA

AVdeIsdip
BOLIJY-Ued pdIasouy

BOLIJY-Ued jy dI1asoug

BOLIJY-Ued jy dIosouy
VNI wydresou]

1014
QJUIBAI[OJ OJIPYONUY 0IANS

oo1senbe1/0o1donog
QURBAT[OJ OJIPYONUY 0IaNg

oorelo1)/0o1donog

QIUIIBAI[OJ 02IpYoNuUY 0I1aNg
10149

QJUIBAI[O OJIPYONUY 0I1aNg
(oumbyg) uruoanuy

YyeUS [BI0D) UBOLIDWY YIION

wop3ury] pajun oy,
uredg

uredg

uredg

BUNUASIY

elAlog

BIAIIOY
BUNUISIY

vSn

ERIAR

snid£)

wnigfog

Ken3ereq

eIALog

eiatjoq
eiatog

vSn

odomng

adomng

adomng

BOLIOWY [INOS

BOLIOWY [INOS

J[qe[reae
WOUAT)UR OU—S10ads PasSIy

[sernunod
J0opuaa J[qrssod] saroads passIA

Anunod Sunioduwr
ur pajasie) saroads pawre[)

QWERU WOUANUY

Anunoo Suniodxyg

Anunod Sunioduwy

uoi3oy

(ponunuoo) zsjqey

pringer

AQs



605

Journal of Epidemiology and Global Health (2024) 14:586-612

patidxo uonensisay,

Q[qe[leAr WOUAANUE OU-$9103ds PassIw, Jopun pa)si| aIe plIom ay) Jo 1red Aue ur paInjoejnue st WOUSANIUR OU YIIYM JOJ $109ds passiw oy [, ‘sesayjuared
Ul PauOnUAW 2Ie Sa19ads passIw 2say) Jsurese (S)WOUIANUE INJOBJNUBW YOIYM SILOUNOD AT, "ANUNOI 9A103dSaI Y Ul S[qR[IBAR WOUIANUR AUk AQ pajaSie) Jou are yorym Anunod e ur juasard
saroads axeus oy Is1] saroads passrur oy, *[¢7] 9seqeiep OHM U} 1od se ASY USAIS ® AQ Pa1o3ie) 2q 0) pawre[d pue Anunod aAnoadsar ay) ur juasard saroads ay) SIS soroads pawred ayJ,

sn42q vaadip @qv.Leadip
sniaq vaadip AVdedipn
QUON DQVLIYoH  WOpSury payun Ay,
QUON BOLIJY-Ue jy dI0souy
QUON QUON QUON VNI widiesouy uredg wop3ury] pajun adoing
[wopSuryy
paiun oy, ‘ureds ‘eiqrog
‘UOIEIOPa] UBISSITY ‘PUR[Og QUON BOLIFY-UR( jydIosouy
QUON ‘eneor)) ‘eed[ng| sniaq viadip QUON VNI widIesouy uredg SPUBLIAYION adoing
[wopSuryy
panun) Y], ‘uredg ‘erqiog ‘uon
-BIOPO] URISSNY ‘purjOd ‘BNROID
‘erre3[ng| sn.iaq viadip ‘[wop
-3ury] paytup) oy, ‘uredg ‘erqios
QUON ‘eneo1)) ‘eued[ng] sidsv viadip QUON BOLIJY-Ued yydI1osoug uredg Auewron adomng
JIqe[ieAr [serunod Anunod Sunioduwr
wouaAnue ou—sar1oads passIA Jopuaa J[qrssod] soroads passIA ur pajasie) saroads pawire[) QUWIBU WOUANUY Anunood Suniodxg  Anunod Suntoduwy uoi3oy

(ponunuoo) zsjqey

pringer

As



606

Journal of Epidemiology and Global Health (2024) 14:586-612

Alliance with local healers

Improved communication and
overcoming transport barrier

Gaining trust

One country one protocol

Accurate snake identification

Good ASV quality

PROMISE

(Practical ROutes for Managing

Indigenous Snakebite Envenoming)

Public-private partnerships

Correct calculations of ASV
demand

Record maintenance

Prohibit snake trade and cross
breeding

Fig.3 The PROMISE approach for SBE management. The PROMISE (Practical ROutes for Managing Indigenous Snakebite Envenoming)
approach is an amalgamation of economical and easy remedies whose implementation can significantly reduce the SBE burden

students. Also, the clinicians should be regularly updated
about SBE case classification and management through
training programs. Simultaneously, educating the HCPs
about dry bites, that are snakebites without venom injec-
tion, is also paramount [71]. A survey in a Saudi Arabia
University revealed that while medical students received
training for SBE management, around 80% were unaware
of dry bites [72].

6.4 One country One Protocol

A national unified protocol for SBE management should be
prepared to reduce ASV usage, treatment cost, and also the
duration of hospital stay, as in case of Iran [73, 74]. The
protocol reduced the ASV usage by 4 vials, treatment cost
by $196, and hospital stay by 1 day per patient. The existing
protocols of neighboring countries and the treatment guide-
lines for SBE by the WHO might serve as a reference for
preparing such national protocols. For countries like India,
which have a wide variety of snake species and different
qualities and cross-reactivities of antivenoms, it is advisable
to implement more rigorous quality control measures and
modify the procedure to accommodate the specific snake
diversity of each region. Alternatively, it may be beneficial
to develop protocols that are specific to individual states or
regions.

@ Springer

6.5 Accurate Snake Identification

An inventory of regional snakes, available ASVs and their
targeted species, and an SBE management chart should be
available in every treating facility, especially in the rural
areas. This information must be available in local languages
to ensure understanding of common masses. This will aid
in correct snake identification and boost the confidence of
both patients and HCPs in SBE management. For example,
the use of a snake atlas, as in Ethiopia, can be a simple yet
powerful tool in this regard [62]. The non-venomous spe-
cies must also be documented in the snake atlas to minimize
the confusion and the associated unnecessary treatment or
side effects. If possible, a real-time inventory should be
made such as in Thailand, to map required ASV availabil-
ity in nearby areas [75]. Additionally, HCPs must be made
aware of the online databases, such as the WHO snakebite
platform, WCH clinical toxicology, and iNaturalist, which
can be used not only for self-education but also for accurate
snake identification with the patient attendants to facilitate
their recall with the snake pictures available in the database
[23, 76, 77]. Mobile application based databases are also
available. One such application is’SnakeHub’ which is a free
mobile app that provides description of 114 snake species
found in Kerala, India in English as well as in local language
[78]. Efforts must also be made for developing mobile appli-
cations for image based correct snake identification such as
those using artificial intelligence and SnakeSnap app [79,
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80]. When creating such apps, one can contact local rescuers
for assistance. Adequate awareness about such apps must be
spread among both the HCPs as well as common masses for
improving snake identification.

Another way of aiding clinicians in ASV selection,
improving therapeutic efficacies of SBE treatment and
reducing mortality is the development of venom detection
kits [81]. However, efforts must be made to ensure that the
kits are economical and cause a minimum increment in the
cost of ASV therapy. Further, the sensitivity and specificity
of such kits must be thoroughly tested. Currently, despite
availability of venom detection kits, the Australian clinicians
are focusing more on diagnosing envenoming rather than the
kit results [53].

6.6 Good ASV Quality

Only Good Manufacturing Practices (GMPs) and stringent
quality control can ensure the production of a safe and effec-
tive ASV [17]. However, sudden imposition of stringent
regulations or reforms, after years of neglect, should be
avoided. This important lesson can be learnt from Ecuador, a
country with ASV manufacturing history since 1981, which
shut down ASV manufacturing following sudden imposition
of GMPs and identification of other production flaws [24].
Winning the manufacturer’s confidence, for example, by pro-
viding time and incentives for upgrading production prac-
tices, should be a priority to ensure a sustainable approach
for effective implementation of governmental policies.

6.7 Public-Private Partnerships

The onus to prove ASV specificity lies on the manufacturer,
but it can be accelerated with public—private partnerships.
The governments or the regulatory authorities should also
partner with the manufacturers in a search for expanding
the ASV cross-reactivity to other endemic species found
in the country. Collaborations with academia may also be
promoted in this regard, since full expertise might not be
available under a single roof. Thus, while efficacy data
would ensure that the imported ASV would be clinically
suitable, the cross-reactivity studies would expand the cus-
tomer’s base. Such studies offer a promising approach to
decrease the burden of SBE while newer ASVs are being
developed. In many studies, using a mouse model, a single
ASYV was shown to exhibit cross-reactivity against several
heterologous medically significant snakes from sub-Saharan
Africa [82, 83]. However, certain conditions must be met
before using these cross-neutralization test-passed ASVs
against heterologous venoms. For example, the disparities
in metabolic activity between mice and humans call for addi-
tional clinical testing [84]. Additionally, such studies should
include long-term assessment for toxicities of different

venom components. For example, neutralizing the paralytic
effects of N. sumatrana venom in mice for 24 h does not
guarantee that the hematoxic or other effects will be neutral-
ized, and the animals will survive [84].

Further, the manufacturers must be encouraged to stay
updated about the recent advancements in ASV production
and incorporate appropriate changes in their production
processes to generate broadly specific, affordable, safe, and
effective (BASE) ASVs [17].

6.8 Correct Calculations of ASV Demand

The strategy for calculating ASV demand needs also be
finalized in such a way that access to ASV is guaranteed. As
reported in a Colombian study, the different methods used to
calculate ASV usage can yield widely varying results [63].
While one method, based on the theoretical average number
of ASV vials used for treatment, suggested a yearly need
of 25,380 vials, another method based on accident severity
suggested a need of 50,021 vials in the country. Yet another
method, that used multiple variables, such as underreporting
and number of accidents in the previous decade, suggested
the need of 54,440 vials. In addition to doing reasonable
calculations, it is imperative to have contingency plans to
handle unexpected surges in ASV demand, particularly dur-
ing emergency situations like floods that may result in an
increase in snakebite cases.

6.9 Record Maintenance

Mandatory reporting of snakebites will not only help in bet-
ter understanding of the regional SBE epidemiology, but
also aid in estimating the actual ASV demand, better snake
identification, and decision making for ASV administration.
This can be achieved with manuals that include details about
SBE case presentation, diagnosis, treatment, and clinical
course description along with the name and amount of ASV
administered. The regional records can also be combined
into a centralized data bank accessible to public, physicians,
researchers, and policymakers for effective SBE manage-
ment. Extra care must also be taken when entering the spe-
cies name. Incorrect snake name entries in medical publica-
tions can be a cause of concern [85]. It is also advisable to
integrate pictures of the biting species wherever feasible.

6.10 Task Force

A task force comprising of frontline healthcare profession-
als should be established to conduct surveillance and collect
data on occurrences of SBE, mortality and socio-economic
burden. Such studies, even if done to cover only a fraction
of population, as underway in India, can be valuable in man-
aging the distribution of ASV and for better governmental
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policies such as fund allocation for SBE management [86].
It must be noted that the choice of protocol can affect the
estimates of SBE burden. For example, utilizing disability
weights determined from the community, rather than those
derived from the global burden of disease (GBD), can lead
to more accurate estimations of SBE burden [87]. Further-
more, protocols must be created in compliance with interna-
tional guidelines such as the STROBE guidelines for cross-
sectional studies [88].

6.11 Media and Education

The media should exclusively distribute accurate informa-
tion in a responsible manner. For example, in Serbia, reports
regarding the occurrences of even the non-venomous snakes
and rare bites, have been reported to be dramatized by media
[85]. A role reversal of the media, as also mentioned by the
author, can help in disseminating accurate knowledge among
the masses about SBE and its treatment. Another simple
strategy to educate the masses can be the introduction of
SBE management in the school curriculum. Alternatively,
annual workshops can be conducted by schoolteachers for
the same. Another approach can be ‘A Snake A Month’
(ASAM) session, where school children are taught about
one regional snake every month.

6.12 Prohibit Snake Trade and Cross Breeding

The trend of rearing venomous snakes by individuals results
in increased number of SBE [25, 89]. Even in countries, such
as Brazil, where snake trading is prohibited, illegal owner-
ship of venomous snakes has been reported [90]. In Swit-
zerland, where private housing of snakes is legal, physicians
are often untrained in dealing patients envenomed by exotic
pets [89]. Similarly, the cross-breeding of snakes to create
hybrids of related snake species should be strictly banned,
since the hybrids have unknown venom composition and
ASYV efficacy in bitten victims cannot be guaranteed [89].

7 Conclusions

The present study provides a comprehensive review about
the gaps in SBE therapy, current status of ASV manufac-
turing, global distribution, and the economical remedies
to provide a holistic approach for SBE management. For
an SBE victim, the acquisition of ASV demands a pain-
ful journey with multiple hurdles with unsure outcomes.
The critical point in this journey is the administration of
a safe and effective ASV, which is often not available due
to the uneven distribution of SBE burden and ASV manu-
facturing across the world with the latter being limited to
a few countries. Even in countries with ASV production
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abilities, ASVs are produced against a few species only
and only a few manufacturers export their ASVs to other
countries. Furthermore, the quality of the imported ASVs
is not guaranteed and some countries even import ASVs
against species that are not even found in their country,
despite the availability of specific anti-snake venoms in
other countries. A self-reassessment for the currently
imported ASVs and enhanced support for ASV supply is
thus needed at the international level. Also, although sig-
nificant advancements have been made in the strategies
for ASV production, it is still underproduced and is in
short supply in different countries. Many countries, espe-
cially in Africa, do not have approval for imported ASVs
despite the high SBE burden. Consequently, there is a huge
imbalance between ASV demand and supply and the need
for ASV is far more than estimated. We thus call for a
reassessment of the global ASV demand, procurement and
distribution policies, and enhanced responsibility of both
manufacturers and importers for ASV quality. Also, urgent
attention is needed towards ASV manufacturing and/or
cross-reactivity studies for species for which no ASV is
available. Additionally, a PROMISE approach, comprising
several simple and economical steps have been proposed
in this article that can be taken to overcome the hurdles to
SBE management without major costs. The findings of this
study could also serve as a ready reference for the clini-
cians and policy makers who want to educate themselves
about the ASVs available in their country, and neighbor-
ing areas.
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