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Abstract

Antimicrobial resistance (AMR) is currently recognized as a major emerging threat to human and animal health. The burden
of antimicrobial-resistant infections affects the economy in developed and developing countries. There is a rapid rise in AMR
in human and veterinary medicine globally. AMR profiles are poorly documented in Fiji, and limited data are accessible. Fiji
currently has no national veterinary antibiotic resistance surveillance network or regulations and guidelines on veterinary
drug use. However, available literature shows that although human drugs are better managed than veterinary drugs, the
knowledge is still constrained and dispersed. Furthermore, Fiji was chosen as a case study to develop a prototype AMR
surveillance and control in the Pacific region. Pacific Island countries share similar geographic and climatic conditions.
Currently, the Australian Centre for International Agricultural Research hasfunded an AMR project that addresses some gaps
in managing AMR in the region. The project is the first to adopt the One Health approach to research the AMR in humans,
animals, and the Pacific region’s environment. Combating AMR needs human health and veterinary personnel to work with
all other stakeholders. Continuous surveillance for resistant clinical isolates in humans and animals and the development
of appropriate policy intervention measures in human and veterinary drug use are necessary to alleviate AMR burden.
Therefore, there is a need to educate farmers, human patients, and the public on the fight against AMR. In addition, AMR
data are necessary to develop effective AMR control strategies. This review gives a comprehensive information assessment
on AMR in Fiji and the other South Pacific Islands in relation to global trends. Suggestions on the most appropriate ways of
effectively managing AMR in Fiji have been made.
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Introduction acid, and disintegration of the cell membrane [4].
Antibiotics may enter the microorganisms through
cell wall attachments, energy-dependent transport
mechanisms, or cross-membrane transport systems
[5]. Different antibiotic agents have been used for
therapeutic purposes over a long time, and resistance
has been reported when the recommended drug dose
becomes ineffective against the bacteria. The bac-

teria would be unaffected by the drug because they

Antimicrobial resistance (AMR) is recognized
as one of the most urgent rising threats to global
human and animal health systems, especially in
developing countries [1]. A microorganism can
evade theeffects of an antibiotic [2]. Antibiotics are
either cytostatic, allowing the natural immune sys-
tem to kill the bacteria, or cytotoxic and directly kill
the bacteria [3]. Antibiotics act through different

mechanisms, such as inhibition by bacterial cell wall
synthesis, enhanced protein denaturation, inhibition
of deoxyribonucleic acid replication or segregation,
or both, the transcription process of ribonucleic
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would have developed resistance; thus, they would
continue to multiply [3].

AMR results in the development of “superbugs”
whose infections are untreatable using standard anti-
biotic therapy [6,7]. It has been projected that deaths
because of AMR-related bacterial infections will
increase exponentially from 700,000 in 2015 to 10
million deaths by 2050 [8]. The World Bank esti-
mates that AMR will decrease global gross domestic
product (GDP) by 1-4% by 2050 and global livestock
production by 2.5-7.5% [9,10]. Without effective
antibiotics, disease treatment will be unsuccessful,
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causing premature human mortality and decreased
contribution of animal products to food security and
livelihoods.

It is currently projected that AMR could cost the
Western Pacific Region as much as USD 1.35 trillion
by 2032 [11]. AMR can spread regionally and glob-
ally; it is a global public health threat, so all coun-
tries must pool resources to mitigate it, irrespective
of their AMR status. A study by Jenney et al. [12]
in Fiji hospitals reported 50 cases of Staphylococcus
aureus/100,000 people, one of the highest bacterial
infection rates worldwide. AMR may be the main
contributor to the high rate of bacterial infections in
Fiji [12]. In Fiji, there are more cases of human dia-
betes, with amputation rates of one every 12 h, and
tuberculosis in human beings and animals [13-15].
High incidence of bacterial infections and surgery for
complications, such as diabetes, needing post-surgi-
cal antibiotic drugs for managing infected wounds
increases AMR incidence. Besides human beings,
Antimicrobial-resistant microbes are also found in
food, animals, water, soil, and air [16]. Therefore,
AMR can be spread between people and animals
through the food of animal and plant origin, water,
and air. Antimicrobials in livestock have been widely
reported as the main contributor to the emergence
and spread of AMR, especially in developing coun-
tries, where there is an imprudent use of antimicro-
bial agents in the livestock production sector [17-
19]. Because antimicrobial resistant organisms can
be transferred from humans to animals directly or
through the environment, or both, and vice versa,
strategies to reduce the emergence and spread of
AMR should take a holistic and multisector approach,
which encompasses humans, animals, and their envi-
ronment. This approach is commonly referred to as
One Health. Fiji currently lacks a government policy
for veterinary AMR surveillance networks and regu-
lations and guidelines on the proper use of veterinary
drugs. In addition, there is a lack of data on AMR pro-
files in animals. This lack of well-documented infor-
mation on AMR is a barrier to the development of
effective AMR control strategies, hence the relevance
of this review to discuss AMR in Fiji, Pacific Island
countries, and the possible mitigation strategies.

Epidemiology of AMR in Fiji

Antimicrobial-resistant organisms can be trans-
ferred from humans to animals directly or through
the environment, or both. Therefore, strategies to
reduce the emergence and spread of AMR should
take a holistic and multisector approach that encom-
passes human beings, animals, and their environment.
Limited studies, to date, have examined the epidemi-
ology of AMR in the Pacific, particularly in Fiji [12].
This makes AMR a significant threat to public health
in Fiji. However, no study linking humans, animals,
and the environment to AMR in Fiji necessitates
investigations.

Global AMR Crisis

A huge number of various antibiotic classes
have been produced in the past seven decades since
the discovery of antibiotics [3]. Increased demand
across many sectors of society and the reduced cost
of antibiotics have promoted these drugs’ off-label
uses [20]. This extensive application of antibiotics
has caused the emergence of resistant strains of infec-
tious organisms [3]. Previously, new antibiotic drugs
were developed to combat any emerging resistant
organisms proportionately. However, nowadays, the
general approach in fighting against emerging and
reemerging resistant microorganisms is based on the
modification of existing antibiotics [21]. Interestingly,
no new class of antibiotics has been discovered in the
last four decades since 1962-2000 when nalidixic acid
and linezolid were introduced. Thus, the antibiotics in
the market during that period resulted from modifying
existing molecules [22]. Developing new antimicro-
bial agents is costly and time-consuming, resulting in
reduced interest by pharmaceutical industries [23].

The demonstration of resistance to antibiotics
developing within a short time is a matter of con-
cern [3]. In developing countries, most antibiotics
are sold over-the-counter or without prescription, or
both, a major contributing factor in resistance devel-
opment [24,25]. Therefore, it is essential to educate
all stakeholders, including farmers, patients, and the
public, to combat antibiotic resistance. In addition, the
national veterinary antibiotics resistance surveillance
network and regulations and guidelines on veterinary
drug use will be effective in combating AMR.

General mechanisms of the development of
antibiotic resistance

Antibiotics kill or inhibit the normal growth
of microorganisms through different mechanisms
of action. Hence, antibiotic pressure forces these
organisms to develop or engage their natural survival
process, thereby driving or encouraging the develop-
ment of resistance. The resistance process through
gene mutation level induced by selection pressure
occurs due to the exchange of resistant genes between
humans, animals, and the environment [26]. Natural
selection is not the only mechanism of evolution
of resistance because bacteria can directly transfer
genetic material through plasmids. Therefore, inten-
sive antibiotic use simply accelerates the process.
Prescription of broad-spectrum antibiotics in hospitals
following nosocomial infections accelerates resistance
by increasing selection pressure [3]. Antibiotics could
remove major susceptible bacteria, but few non-sus-
ceptible bacteria that could have genetically mutated
resistance to antibiotics would continue growing [3].

Moreover, antibiotic-resistant infection levels
are associated with the magnitude of antibiotic con-
sumption [3]. Failure to take prescribed antibiotic
therapy fully is likely to induce resistance. The bacte-
ria that would need a complete course to be eliminated
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subsequently survive while gaining more strength
against antimicrobial attack [3]. Furthermore, with
time, bacteria can acquire many resistance traits and
become resistant to many classes of antibiotics [27].
Particularly, the resistance observed in staphylococcal
chromosomal mutations is due to ineffective trans-
port of aminoglycosides into the bacteria in addition
to enzyme modification [28]. Moreover, organisms
resistant to one antibiotic may become resistant to
other antibiotics that are similar in structure and from
the same class. For example, tetracycline resistance
may have cross-resistance to other related compounds
such as oxytetracycline, chlortetracycline, doxycy-
cline, and minocycline [3].

Antibiotics for growth promotion in animals

For several decades, antibiotics have been used
to enhance growth and increase livestock production,
mostly in poultry and swine [29]. Antibiotics improve
growth, feed efficiency, and animal health by acting
on the gastrointestinal bacteria of the animal [30]. The
use of AGMP encourages lethal or significant patho-
gen damage, causing reduced bacterial toxin produc-
tion. It further reduces the use of essential nutrients
by gut microorganisms, thus increasing the synthesis
and availability of vitamins and other growth factors
in livestock [30]. However, the abuse of antibiotics as
growth promoters in livestock and food production
has widely contributed to the alarming increase in
global AMR concerns [29,31]. Human health can be
either directly influenced through residues of antibiot-
ics in meat, which may cause reactions, or indirectly
through the resolution of antimicrobial residues that
may spread to microorganisms in humans [31]. AMR
emergence has mainly been attributed to the abuse
or misuse, or both, of antimicrobials as therapeutic
drugs in human and animal health care or as antibiotic
growth promoters in the animal husbandry sector [25].
This AMR has been attributed to selective pressure
and acquired through direct transfer of multidrug-re-
sistant (MDR) organisms at the human, animal, and
environment interface [30]. There are many reports of
increased resistance due to antimicrobial growth pro-
moters [29,32]. In addition, the transmission of MDR
organisms can occur through direct person-to-per-
son contact, animal-to-person contact (scratches and
bites), contact with livestock through the food chain,
and contact with waste from farms [33]. Evidence
suggests the transfer of antimicrobial-resistant bacte-
ria from humans through food and direct contact [34].

In 1986, Sweden became the first nation to elim-
inate the antimicrobials used for food animal pro-
duction and growth promotion [29]. Denmark and
other European Union countries followed Sweden’s
example and put forth a legislative ban on AGMP.
Before the ban on AGMP in Denmark, the total usage
of antimicrobials in food animals was reportedly
205,686 kg annually. A reduction of 54% was noted in
2001 with 94,200 kg post-ban legislation [29]. There

is no information on antibiotic use in animal feeds,
regulations, and guidelines in Fiji and the rest of the
Pacific region. Further, AMR patterns are poorly doc-
umented, and there is no information on bacterial
prevalence and antibiotic sensitivity patterns. This
needs further investigation and the establishment of
government-level veterinary and human antimicrobial
use and resistance surveillance network.

Therapeutic antimicrobials used in animals and

humans

Many pathogenic and nonpathogenic bacte-
ria originate from food animals to humans [35]. The
presence of such organisms in the same host enhances
environmental interactions, resulting in the evolution
of new drug-resistant and MDR bacteria due to the
horizontal exchange of drug-resistant genes [35]. The
excessive application of antibiotics in livestock for
growth and disease control is a trigger for develop-
ing drug-resistant strains [1]. The indiscriminate use
of antimicrobials in human medicine is the other trig-
ger [36]. Antimicrobial therapeutic and prophylactic
use against infectious diseases is widely used in human
and animal health sectors [35]. Microorganisms resis-
tant to one particular antimicrobial agent can develop
resistance to others with similar pharmacologically
active agents resulting inMDR organisms [36].

This use of antimicrobials is well documented
in developed countries. However, it is poorly docu-
mented in developing countries, including Fiji, and if
documented, the information is not readily available.
The Union of Concerned Scientists has estimated anti-
biotic use in the human health sector as 1.36-14.64
million kg/year, whereas the estimated use of anti-
microbials in agriculture and livestock, is 7.36-11.18
million kg/year [30].

The economic impact of AMR in the developing
countries

In 2014, the first surveillance report of the World
Health Organization (WHO) on AMR stated that five
of six WHO regions had above 50% resistance to
the third-generation cephalosporin and fluoroquino-
lones in Escherichia coli and methicillin resistance
in S. aureus in a clinical setting (WHO, 2014). One
of the many consequences of AMR is its economic
burden [37]. When a patient is unresponsive to anti-
microbial treatment because of AMR, the patient
remains sick longer than a patient without resistance
problems. This person would require prolonged hos-
pitalization treatment with expensive and toxic drugs,
increasing the health-care system’s burden [37].
According to Song, the overall societal costs for the
detection, treatment, management, and surveillance of
AMR are approximately $US35 million in the United
States alone, 1.5 billion Pound Sterling (GBP) in the
European Union, and $US1.3 billion in Thailand [38].
The author further showed that low- and middle-in-
come countries would have a greater burden due to
more significant abuse of antibiotics and a lack of
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data on AMR. Therefore, the overall global impact
of AMR in the economic aspects is unprecedented to
date. However, in its AMR Report 2020, World Bank
projected that in the case of low AMR impacts, the
annual global GDP is likely to reduce by 1.1% by the
year 2050.

Similarly, the world is expected to lose 3.8% of
its yearly GDP by 2050 in a high AMR impact sce-
nario. This could cause an annual shortfall of $US3.4
trillion by 2030 [9]. Ordinarily, AMR is discussed as
a threat to human health; it is, however, a complex
problem associated with livestock and environmental
health [39]. AMR emerged because of the bacterial
exposure to antibiotics in medicine, crop production,
households, and farms. Because of the decline in the
effectiveness of existing antibiotic agents, infections
have become challenging and expensive to treat [36].
Furthermore, this also threatens the control of infec-
tious diseases and epidemics [36].

AMR poses a higher threat for developing coun-
tries like Fiji due to the lack of proper surveillance and
inadequate infrastructure for monitoring and AMR
management. Another factor leading to the emergence
of AMR is the administration of broad-spectrum anti-
biotics as an empirical therapy to outpatients [37].
Intensifying this problem is the lack of consumer and
public knowledge regarding the proper use of antibi-
otics. Self-medication and poor patient compliance
are other factors contributing to the rapid emergence
of AMR [34,37]. Kumar et al. [37] further suggested
that the lack of national commitments and ill-defined
accountability in antimicrobial use is the leading
cause of recent increasing resistance to antimicrobi-
als. A comprehensive, well-coordinated response and
ill-defined accountability in terms of antimicrobial
use and resistance in addition to national surveillance
and monitoring systems in human and animal health-
care sectors are of paramount importance in detecting
AMR and its emergence.

AMR Burden in the Pacific Island States

The Pacific Island Countries and Territories
(PICTs) comprise 22 members of the Secretariat
of the Pacific Community. The World Bank defines
these countries as low- and middle-income countries
with key industries that include agriculture, aquacul-
ture, tourism, and forestry. Loftus er al. [39] further
explained the lack of literature on the burden of AMR
in the PICTs. Fiji, New Caledonia, and Papua New
Guinea are the three countries with over 30% of the
limited published information on AMR in this region.
Furthermore, there is no information on the rates of
antimicrobial use in livestock in the PICTs. Of the 22
countries, only five PICTs are members of the World
Organization for Animal Health [40]. The small size
of the PICTs, limited resources, substandard health
facilities/infrastructures, and natural disasters like
cyclone susceptibility, make them vulnerable to AMR
effects [40].

Between 2011 and 2017, Fiji reported25% and
0.7% of Klebsiella pneumoniae (KPN) resistance to
cephalosporin and carbapenems, respectively [39].
There was no information on KPN resistance to flu-
oroquinolone chloramphenicol, tetracycline, amino-
glycoside, and penicillin. In more recent years, there
is a scope for further research on antibiotic-resistant
(ABR) KPN. A detailed investigation is needed to
analyze ABR yearly.

Between 2011 and 2017, some ABR E. coli was
reported in Fiji. Penicillin-resistant £. coli was found
to be 85% during this period, and fluoroquinolone and
cephalosporin resistance was at 11.9% and 12.2%,
respectively [39]. No data were available for chloram-
phenicol- and aminoglycoside-resistant £. coli.

In Fiji, AMR surveillance for Neisseria gon-
orrhoeae has strengthened over the years, which is
evident from the information on the ABR N. gonor-
rhoeae [39,40]. Penicillin-resistant N. gonorrhoeae
was reported to be 8.3% between 2000 and 2010.
However, the prevalence of penicillin-resistant N. gon-
orrhoeae reduced between 2011 and 2017. In contrast,
a notable increase in the prevalence of fluoroquino-
lone resistance was evident. Between 2000 and 2010,
the prevalence of N. gonorrhoeae resistance to fluo-
roquinolone was a mere 0.6%, whereas there was an
increase of N. gonorrhoeae resistance to fluoroquino-
lone by 6% between 2011 and 2017 [40]. No infor-
mation was available on the cephalosporin-resistant
N. gonorrhoeae between 2000 and 2010. However, a
0.4% prevalence of cephalosporin-resistant N. gonor-
rhoeae was reported in 2011 and 2017 [40].

Regulatory Issues Related to Antibiotic
Resistance

There are well-established international guide-
lines for managing daily antibiotic practices. However,
these regulatory guidelines vary between nations [41].
Nations such as the United Kingdom and Australia
have acted swiftly to offer guidance, but many coun-
tries, including PICTs, have not developed the regu-
latory guidelines. In addition, WHO has developed
guidelines for limited antibiotic use in children, indi-
cating antibiotic use in this group for severe bloody
diarrhea and cholera [42]. Many organic and inor-
ganic toxins have been released into streams, rivers,
oceans, land, and air as industrial waste and this may
enhance transfer of antibiotic resistant genes [43].
Furthermore, insufficient guidelines for disposal of
home hygiene products may also present a major
resistance risk because a high number of antibacterial
substances are found in such products [43].

Evidence suggests that AMR is more prevalent
where an enormous amount of antibiotics is used;
hence, global antibiotic use cannot be ignored [43].
The absence of guidelines and regulations on antibi-
otics is high among low-income countries. The major
problems contributing to the greatest resistance bur-
den in developing countries are low antibiotic prices,
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ease of general availability, and inappropriate anti-
biotic use [25]. In countries with limited universal
health policy to the general populace, antibiotic use
is generally not well controlled, making inappropriate
use of antibiotics one of the greatest concerns [3].

Everyone is affected by AMR; thus, it is a major
public health concern affecting several sectors from
clinical personnel in either human or veterinary prac-
tice, specialists in the pharmaceutical industry, and the
public generally [3]. Therefore, this needs a multi-sec-
toral approach encompassing all industry stakehold-
ers in combating this eminent public health burden.
The application of modern susceptibility tests ensures
that humans and animals take antibiotics on time [3].
Moreover, the use of antibiotics in agricultural pro-
duction needs to be regulated in the PICTs.

The use of antibiotics as a therapy for bacterial
infections is the major method to control infections.
However, infections may continuously persist in cases
of resistance to antibiotics. The overall threat is the
increasing demand for new and effective antibiotics
whose resistance has not yet occurred.

Antimicrobial Use and Link to Bacterial
Resistance in the Pacific

Antibiotic use, misuse, and abuse in human and
veterinary practice exert the greatest selection pressure
for AMR development in the PICTs. There is a pau-
city of information regarding antibiotic use and resis-
tance in human and veterinary practice in the Pacific.
Furthermore, there are minimal efforts to determine
the quantities of antimicrobials used in livestock, and
having information on quantities of antimicrobial use
in animals is essential in determining the key drivers
for developing antibiotic resistance in the Pacific.
Increased AMR in human pathogens that spread
resistance from the closed hospital environment into
open communities is another threat to public health
in the Pacific. Increased use of antimicrobials in live-
stock is the primary cause of AMR development. This
information is limited in the Pacific and needs further
investigation in Fiji.

Strategies for Resistance Control in the
21st Century

Global action plan on antimicrobial resistance
was developed by the WHO and OIE. It was adopted
and endorsed by the World Health Assembly in May
2015 to tackle the problem of AMR [44]. GAP out-
lines five specific strategies to combat AMR. The first
strategic objective is to improve knowledge on AMR.
The second is strengthening knowledge by intensi-
fying surveillance and research. The third and fourth
strategic objectives are to decrease the infection rate
and optimize the antimicrobial agents’ use. The final
strategic objective is to develop a sustainable invest-
ment economic model that includes all countries and
increases investment in new medicine, diagnostic
tools, vaccines, and other interventions in combating

AMR. GAP calls upon all nations to design national
action plans (NAPs) in line with world strategies [39].
Fiji became the first Pacific Island country to develop
and launch a NAP for AMR. Fiji is now one of the
two PICTs that have NAPs developed and approved
by the government [39]. However, AMR surveillance
in Fiji is hindered mainlyby limited access to neces-
sary equipment, expertise, and materials. Although
there are data for human health, these are rarely linked
to a centralized system or other private facilities. In
addition, laboratory surveillance for animal health
is virtually non-existent. This is evident from the
country situational report conducted before the NAP
launch, which identified that the national antimicro-
bial response committee included all stakeholders
except the veterinary sector.

To combat the problem of antibiotic abuse, Fiji,
one of eight PICTs, has developed antimicrobial usage
guidelines. The standard treatment guideline applica-
tion created by the Australian therapeutic guidelines
foundation has been madefreely and easily acces-
sible to smartphone users in Fiji and the Solomon
Islands [39]. The regional synthesis report and recom-
mendations of 2018 state that no country has devel-
oped a total capacity to prevent, detect, and treat the
emerging AMR threat [45]. However, it was further
reported that Fiji has the most stable system and is
well equipped to provide support to other countries in
the region if needed.

Conclusion

Antibiotics are necessary to combat pathogenic
infections. Over the years, several different classes
of antibiotics have been used for therapeutic pur-
poses and prophylactically in numerous fields like
agriculture to increase production. This has led to
the development and emergence of resistance. This
review observes that there is limited knowledge on
AMR in the Pacific countries, which is an alarming
issue. Notably, in the Pacific and Fiji, some infections,
such as pneumonia, tuberculosis, and gonorrhea, are
increasingly more challenging to treat due to less
effective antibiotics. Antibiotic-resistant infections
may be directly linked to quantities and levels of use.
This information is lacking in Fiji and needs further
investigation. In addition, inappropriate antibiotic use
may be associated with AMR in Fiji and the Pacific.
However, there are limited studies to establish the
knowledge, attitude, and practices regarding antibi-
otic use in the Pacific. Also, in Fiji, there is limited
knowledge regarding antibiotic resistance in the pop-
ulation. It is essential to educate patients, farmers, and
the public about the dangers posed by AMR; knowl-
edge of the resistance pattern is essential. Moreover,
antibiotic use in livestock is increasing at an alarming
rate globally, despite the WHO and OIE recommen-
dations. There is a need for antibiotic use surveillance
and reporting system to aid in adhering to global AMR
management policies in Fiji.
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