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Emergence of vancomycin-resistant enterococci in
South Africa: Implications for public health

South Africa is among the countries with the highest prevalence of debilitating diseases such as HIV/Aids
and diabetes. In this context, the emergence of vancomycin-resistant enterococci (VRES) in most
South African ecological niches is quite disturbing, taking into consideration the fact that therapeutic
options in a case of resistant-enterococci infection would be limited. Agricultural practices coupled with
the misuse of antibiotics in intensive animal rearing and in hospital facilities have led to the creation of
reservoirs of VREs in the environment. VRES can cause serious health problems by transmitting their
resistance genes to susceptible pathogens; they are transmitted to humans by direct or indirect contact
and through the food chain. We screened thoroughly the AJOL and the PubMed databases for studies on
VRE incidence in South Africa. This review gives insight into the current status of antimicrobial resistance
management in South Africa; it explores the different pathways involved in the spread of VREs and
proposes possible solutions to tackle the issue of VREs and antimicrobial resistance in South Africa and
other parts of the world.

Significance:

e The recent detection of vancomycin-resistant enterococci in most South African ecological niches poses
a serious threat to public health and is therefore an issue of great concern.

*  This study not only addresses the causes and patterns of resistance to antimicrobial agents, particularly in
South Africa, but also outlines a holistic approach to potential strategies to tackle antimicrobial resistance
in South Africa and the world at large.

Introduction

Shortly after antibiotics were introduced for therapeutic purposes, their growth-promoting attributes were
discovered; ever since, most antibiotics and their analogues have been used as growth promoters in animal
farming." Growth promoters are believed to improve feed conversion, promote animal growth and reduce mortality
and morbidity rates resulting from clinical and subclinical illnesses, although the mechanisms through which these
effects are achieved are still poorly understood.? This effect of antibiotics motivated the use of avoparcin as a
growth promoter for many decades before it was banned worldwide as a result of the emergence of vancomycin-
resistant enterococci (VREs).® The rise of VREs reduced the efficacy of enterococcal infection treatments with
teicoplanin and vancomycin (which were the drugs of choice until then), making treatment more challenging.

The isolation of VREs in hospitals and environmental samples worldwide and specifically in South Africa is a
serious health concern.*8 In fact, VREs were isolated from surface water in the Netherlands, from ground water
and from hospital waste water in South Africa.*” VREs mainly cause illnesses in immunocompromised hosts and
in patients who are admitted to intensive care units for lengthy periods.® For instance, VREs are responsible for
endocarditis, urinary tract infections, bacteraemia, intra-abdominal and pelvic infections, and burn wound and deep
tissue infections.

Because of the serious implications of VREs on public health, the issue of VREs cannot be underestimated.
This review is therefore not just a citation of reports of VREs in South Africa and their patterns of spread and
dissemination, but also an insight into the current management of antimicrobial resistance issues in South Africa
with some recommendations on how to tackle the issue of vancomycin resistance genes in South Africa and
other countries.

Mechanism of resistance to vancomycin

Two types of vancomycin resistance in enterococci have been reported so far: intrinsic and acquired resistance.
Intrinsic resistance refers to an antimicrobial drug being ineffective as a result of inherent features in a species,
like restricting drug accessibility to the target or not having the drug target. Acquired resistance occurs when the
bacterium is initially susceptible, but develops resistance either by somatic mutation or by acquisition of genes by
horizontal transfer. Characterised by low-level resistance to vancomycin, intrinsic resistance is commonly detected
in Enterococcus gallinarum, E. casseliflavus and E. flavescens. As opposed to E. faecium and E. faecalis and less
often E. raffinosus, E. avium and E. durans display acquired resistance to vancomycin resulting from the acquisition
of genetic determinants either from another organism or from the environment.®'" Resistance to vancomycin is
conferred by 10 gene clusters: vanA, vanB, vanC, vanD, vanE, vanF, vanG, vanL, vanM and vanh. Gene clusters
vanA, vanB, vanC, vanD, vanE and vanG have been extensively studied (Figure 1). The resistance phenotypes share
the same basic mechanism of resistance. The glycopeptides bind to the carboxy-terminal D-Ala residues of cell
wall precursors, thus preventing their incorporation into the nascent peptidoglycan. Substituting the terminal D-Ala
residue with either D-lactate (vanA, vanB and vanD genotypes) or D-serine (vanC and vanE genotypes) confers
resistance (Figure 1).'"12
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Figure 1:  Vancomycin resistance gene clusters and resistance mechanism.™

Studies of vancomycin-resistant enterococci in
South Africa

Vancomycin-resistant enterococci in food items and the
environment

Very few reviews actually give an account of the situation in South Africa
with respect to VREs in food items and the environment. Enterococci
were isolated from lettuce and spinach leaves in the North West
Province using polymerase chain reaction techniques.™ That study was
motivated by the fact that enterococci had previously been screened
from ground water intended for drinking in the same area.>® Vegetables
were contaminated as a result of their proximity to the soil when they
were grown.” Animals and birds were another possible source of
contamination but the water used in the irrigation process of these
vegetables was a source of contamination. Moreover, the harvesting,
packaging, handling and retail hygiene practices were other sources of
contamination.™ As similar findings were made in Oman's, detection
of VREs in fresh, leafy food items constitutes a serious health issue
because lettuce is mostly eaten raw, in the form of salads.

Vancomycin-resistant enterococci were isolated from ground water
intended for drinking in rural communities of the North West Province.
The investigations indicated that limited access to proper sanitary
facilities and lack of hygiene were the causative factors because the
water sources were contaminated by faecal matter. These factors are
the same as those that contributed to the contamination by VREs of
municipal tap water in Mafikeng households, also in the North West
Province.'” In addition to these causes, contamination of environmental

South African Journal of Science
http://www.sajs.co.za

Vancomycin-resistant enterococci in South Africa

soil and water bodies by resistant isolates can arise as a result of farming
activities and contamination from other sources such as contaminated
waste effluents from clinical settings.*'819

Vancomycin-resistant enterococci in hospital settings

Vancomycin-resistant enterococci constitute a serious issue in
South African hospitals, especially taking into consideration the high
incidence of HIV-positive patients and the high prevalence of other
debilitating illnesses such as tuberculosis and diabetes. A possible
synergistic association between Aids or any of the above-mentioned
illnesses and VRE infections is rather unsettling and dreaded. In fact,
clinical isolates of VREs were reported in South Africa for the first time
in 1997.20 A few years later, a case report of VRE infections was filed
at the paediatric oncology ward of a tertiary-level paediatric hospital in
Cape Town and in the haematology unit of a similar type of hospital
in Durban.'®? Based on the results obtained from gene-sequencing
assays (PFGE and MLST), it was suggested that a possible transfer of
VRE isolates between patients or persistence of this isolate within the
haematology/oncology unit were responsible.' This resistance resulted
from previous treatments with broad-spectrum antibiotics (mostly third-
generation cephalosporins and carbapenems), prolonged stays in the
hospital setting, vancomycin exposure, immunosuppression therapy
and young age in the case of children.-?> Moreover, in a recent study,
the presence of VRES was reported in wastewater effluents from a
hospital facility in Alice, Eastern Cape Province.* These findings highlight
the poor or inefficient water-treatment system of that facility’s effluents
before discharge into the environment. Antibiotics do not undergo total
biodegradation in wastewater management processes; this hospital
waste water was therefore regarded as a reservoir of resistant pathogens
and an ideal environment for exchange of resistance genes or transfer
to non-resistant isolates.?*% These findings therefore demonstrate that
the Victoria hospital waste water was a significant source of VRES in
the wastewater treatment plant of Fort Hare. As VREs were screened
from cow dung and environmental water sources in three selected dairy
farms in the Amathole District, waste water from Victoria hospital must
have a huge impact on the microbiological quality of the neighbouring
environmental water bodies.?

Vancomycin-resistant enterococci in farming and agricultural
practices

The Eastern Cape Province and part of the North West Province are
mostly agrarian areas with countless numbers of piggery, poultry
and cattle farms. Antimicrobials are used for the enhancement of
productivity in South Africa.?”?® The shedding of resistant bacteria in
the environment through faecal contamination is a concern. VREs that
possessed vanB and vanC1/C2/C3 resistance genes were screened
in pig dung in the Eastern Cape.?® Antibiotic resistance genes were
spread in the environment as a result of excretion, flushing of out-of-
date prescriptions, medical waste, leakage of septic tanks, effluents
from wastewater treatment plants and agricultural waste discharges.?
The subtherapeutic doses of antimicrobials added in the animal feeds
for prophylactic purposes and growth-promoting effects were the major
causes of the resistance observed in the isolates.?** In fact, growth
promoters have been associated worldwide with the rise of resistant
bacteria, leading to the banning of most growth promoters.'32"

Pathways of antimicrobial resistance

transmission

Antimicrobial agents are not fully transformed into inactive compounds
in the systems of treated animals and are excreted in manure where they
revert to their initial state after some time.' This makes manure a hotspot
for isolates carrying mobile genetic resistance elements and when
mixed with soil for agricultural purposes, antibiotic resistance genes are
likely to be vertically and horizontally transferred to soil bacteria. This
transference leads to the pollution of soil by antibiotic resistance genes
and aids in the uptake of antimicrobial resistance by commensal bacteria
and human pathogens such as enterococci.®** Moreover, treated waste
water is known to harbour antibiotic resistance genes which can be
transferred to vegetables and crops through irrigation water® (Figure 2).
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Figure 2:  Transmission pathway of antimicrobial resistance within agriculture, the environment and the food-processing industry.

There are several means through which resistant bacteria spread to Table 1:  Antimicrobials used in South Africa as growth promoters
humans, whether it be from food or from farm animals (Figure 2). The

most plausible ones are via the food chain; direct or indirect contact Antibiotic Banned | Antibiotic Related Mechanism of
with persons working in close proximity with animals such as farmers since group therapeutics action
and animal healthcare professionals; and environmental components o
contaminated by agricultural waste or manure.%23 Environment plays Bambermycin Glycolipid Inhibition of cell
a key role as a potential reservoir of resistance genes whereby genetic wall synthesis
determinants are exchanged amongst isolates that are taken up by o ' . o Inhibition of cell
humans and animals.** Also, prolonged stay in a hospital setting can Bacitracin 1999 Cyclic peptide | Bacitracin wall synthesis

lead to patients acquiring VREs.*

Disintegration of

Minimally processed food items, and raw and fermented food items Monensin lonophore cell membrane

constitute a potential risk through considerable numbers of viable

cells; these food items could interact with other factors, such as Disintegration of

o . ) . Salinomycin lonophore

cohabitation with pathogens, leading to the appearance of resistant y P cell membrane
strains of enterococci in the human gastrointestinal tract. The in-vitro Quinupristi Inhibition of protei
transfer of erythromycin resistance genes from lactic acid bacteria Virginiamycin 1999 | Streptogramin d:l'fr;“‘:.r;.r']"/ s" n'ﬂ:;:l DIl
to Listeria monocytogenes has been demonstrated.*%? Moreover, prist yiihes|
numerous reports have highlighted the transfer of resistance genes ) ) Erythromycin | Inhibition of protein

; ing i 43 Tylosin 1999 Macrolide )
amongst isolates of the same species in the human gut. and others synthesis

Erythromycin | Inhibition of protein

Current status of the management of Spiramycin 1999 Macrolide

.. . . . . and others synthesis
antimicrobial resistance in South Africa g

Although there have been reports of the occurrence of antimicrobial- Avoparin | 1997  Glycopeptide | \2ncomyein/Inhibition of cell
resistant genes in South African livestock and food items, the quantities teicoplanin | wall synthesis

of antimicrobials used are not yet monitored. Despite being banned a Inhibition of protein
long time ago, some antimicrobial agents are still used in animal rearing Avilamycin Orthosomycin | Everninomycin

synthesis
(Table 1). Providing data on the consumption of antimicrobials is vital /

in the assessment and/or management of antimicrobial resistance, Vancomycin/ | Inhibition of cell

but pharmaceutical companies keep secret their data on the amount Ardacin 1997 Giycopeptide teicoplanin wall synthesis

of antimicrobials sold in the South African market, not to mention the

numerous varieties that are available to farmers over the counter. Source: Moyane et al. 2
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South Africa is part of the Global Resistance Partnership (GARP)
launched in February 2010. The intention of this Partnership is to
address and analyse antimicrobial resistance issues in South Africa and
partnering countries. Moreover, the South African National Veterinary
Surveillance and Monitoring Programme for Resistance to Antimicrobial
Drugs (SANVAD) was created alongside the South African Antibiotic
Stewardship Programme (SAASP). Reports produced by these entities
are still yet to be transcribed into fully operational policies and action
plans. However, South Africa remains the most active African country as
far as antimicrobial resistance surveillance is concerned. In this regard,
the Global Action Plan on antimicrobial resistance initiated in partnership
with the World Health Organization emphasises optimisation coupled
with a strengthening of the knowledge and evidence base through
surveillance and research on antimicrobial usage in human and animals.
However, there still exists a paucity of consumption data worldwide,
including in South Africa.* Reports of the situational analysis of antibiotic
use and resistance carried out in 2011 by South African stakeholders
and the GARP through the Centre for Disease Dynamics Economics
and Policy (CDDEP) project revealed many setbacks in the antimicrobial
stewardship programmes; amongst which there was the unavailability of
data from the intercontinental marketing services, causing a bias in the
real picture of antimicrobial consumption in South Africa.

Regulation of antimicrobial usage in humans

Prescriptions in the public sector are guided by the Standard Treatment
Guidelines which are based on the inclusion and the availability of
the medicines on the Essential Medicines List.* Prescriptions are
unrestricted in the private sector with prescribers selecting whatever

Table 2:

Antibiotics sold in the private and public sector from 2014 to 2016

Vancomycin-resistant enterococci in South Africa

antimicrobials they feel are most appropriate. Provision is made through
the Nursing Act 33 of 2005 under Section 56(6) in such a way that
nurses can also prescribe to patients, especially in public HIV and TB
healthcare centres. Act No. 53 of 1974 allows pharmacists to diagnose
and prescribe antibiotics to patients if they suffer from common
illnesses.* A comparison of public and private sector data from the past
3 years from Intercontinental Marketing Services reveals an increase in
the consumption of certain antibiotics (Table 2). This increase was a
result of inappropriate use of antibiotics as first-line medicines and a lack
of awareness of appropriate antibiotic prescribing or simply a willingness
to use new drug formulations based on their availability on the market or
based on the emergence of resistance to previous antibiotics.

Regulation of antimicrobial usage in animals

The Department of Agriculture, Forestry and Fisheries and the National
Department of Health regulate the use of antibiotics by administering
the Fertilizers, Farm Feeds, Agricultural Remedies and Stock Remedies
Act (Act 36 of 1947) and the Medicines and Related Substances
Control Act (Act 101 of 1965), respectively. The Stock Remedies Act
36 of 1947 was initiated to control the numerous parasites that were
infesting South African livestock at the time. As time went by, certain
antimicrobials, such as growth promoters, were allowed in order to
help farmers in rural areas to access essential livestock medicines.
The Medicines and Related Substances Control Act 101 of 1965 was
initiated for prescription-only medicines and veterinary antibiotics are
also controlled by this Act.

0
MAT units? (2014) MAT units? (2015) MAT units* (2016) CAGR® (2014-2016) ° Market share
Antibiotic class (2016)
Private Public Private Public Private Public Private Public | Private | Public
Tetracycline + combinations | 307170 | 226993000 = 296428 | 114988400 = 282220 168296842 = -3% 1% | 1% | 9%
Chioramphenicol + 1124 121 983 1014 93 3% -8% 0% | 0%
combinations
gr’;ad's"ec"“m penicilin o 249655 | 530513200 8607223 54045080 | 7826870 | 385061012  -2%  167%  35% | 20%
ﬁ;‘e’zf;l‘;ec"“m penicilin 500470 | 49241030 = 533780 = 34687670 | 572498 | 54987307 3% 26% 3% | 3%
Cephalosporin oral 1951706 12221600 1854653 1455300 1705486 = 7300010  -4% | 124% 8% 0%
Cephalosporin injectable | 2053062 16007300 = 2036180 = 10565000 & 2015283 = 76629057 = -1%  169% = 9% 4%
Trimethoprim combinations | 1466062 = 966535 | 1491648 783509493 1437019 | 700365086  -1% | -5% 6% | 37%
x;g:’"des and similar 2822661 185162200 2935812 8019700 2874181 = 16427840 1% 3% | 13% 1%
Oral fluoroguinolone 3618738 | 11995000 | 3576474 23465600 @ 3378464 33679945 | -2% 20% | 15% | 2%
Injectable fluoroquinolone | 641 067 58 481 659 363 144100 560007 2158000 | -4% | 287% | 3% | 0%
Aminoglycosides 79908 6578 500 87101 6 975 300 89754 | 6295783 4% | -5% 0% | 0%
Penems and carbapenems 1141501 1991900 1276979 460000 1093413 809878  -1% 33% 5% | 0%
Glycopeptides 179134 257 500 182 071 285 700 190 314 651 093 2% 5% 1% 0%
i’;":n‘lj'C‘:ITng narmow-SpeCtiuM  »a0 172 | 626304600 292893 | 515183440 145960 424833433  -20%  -9% 1% 22%
Al other antibacterials 21378 | 2530000 25 991 5899 33037 | 28704650  16% | 6876% @ 0% | 2%
Grand total 23333808 1670911057 23857579 1553790791 22205520 1906200029  -2% 1% | 100%  100%

Source: Schellack et al.*

aMAT, moving annual total, i.e. the total value of the sales figures for the product, over the course of the period displayed.
bCAGR, compound annual growth rate; this indicator was used as a measure of the market growth over multiple time periods for the two sectors.
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Measures to reduce the incidence and
prevalence of vancomycin-resistant enterococci

Step 1: Enforcement of the legislation on drug distribution
and usage

The dual registration process of medicines through the Agricultural
Remedies and Stock Remedies Act (Act 36 of 1947) and the Medicines and
Related Substances Control Act (Act 101 of 1965) presents some flaws
and has raised concerns about the exacerbation of antimicrobial resistance
emergence if there is no effective control. Stock remedies are distributed
to veterinary wholesalers, distributors, farmers’ cooperatives and feed mix
companies by the manufacturer. Consequently, stock remedies are freely
available and no record is kept of their use. Moreover, the South African
situation deviates from the 1998 World Health Organization best practice
guidelines in that: (1) the dual system of regulating veterinary products
only partially addresses clear, transparent manufacturing requirements
(whereas antibiotics listed under Act 107 of 1965 must be authorised with
a Good Manufacturing Practice licence, stock remedies under Act 36 of
1947 are not); and (2) most authorised veterinary antibiotics are over-
the-counter stock remedies and often administered by farmers. The
World Health Organization recommends that only trained and licensed
professionals decide when and how to use antibiotics.

Step 2: Prioritisation of the use of alternatives to antibiotics

Although vaccination campaigns are often costly, they could reduce
the amounts of antimicrobials used in farming.*®4” Moreover, the use
of probiotics, prebiotics and synbiotics in animal farming should be
encouraged because these will improve the gut bacterial flora and
therefore reduce disease occurrence that could necessitate antimicrobial
usage.“"*8 It has been shown that healthier gut microbial flora contribute to
a better immune system with a better nutrient uptake and less colonisation
by pathogens.®® Studies have demonstrated the usage of predatory
bacteria to counter the pathogenic effects of the same strains or other
pathogens after oral administration in chickens, cows and rabbits.505"
Moreover, specific yeast strains with specific properties could be used
as probiotics.52% Because of their specificity and their selectivity towards
bacterial strains, bacteriophages represent another potential alternative
to antimicrobial management of illnesses in animal farming even though
they can be used in combination with some antimicrobials as there is no
negative interaction between the two treatments.5*% In addition, there is
a tremendous amount of research on the potential use of antimicrobial
peptides such as bacteriocins as an alternative to antibiotics.*6%” The
South African research stakeholders and the pharmaceutical companies
should therefore harness substantial research funding in these novel areas
as they represent huge potential for the future.

Step 3: Implementation of a nationwide effective antimicrobial
resistance surveillance system

Large databases on antimicrobial resistance can be created and used for
risk analyses and management in the different sectors of activity as well
as in the different ecological niches that play a role in the dissemination
and spread of resistant enterococci. Such surveillance systems have
already been put in place in the European Union and in the USA to trace
and control the patterns of antimicrobial distribution and that of the
dissemination of antimicrobial-resistant bacteria. The database produced
is playing a significant impact in the decision-making spheres in order to
tackle antimicrobial resistance issues in the EU. This particular measure
would be efficient if scientists and researchers were at the centre of
the process and if international collaboration was encouraged because
of the global aspect of antimicrobial resistance issues. In this regard,
70 experts from 33 countries gathered in 2011 at the Third World
Healthcare Associated Infections Forum (WHAIF) that was dedicated to
antibiotic resistance awareness and action.%® Actions that were agreed at
this Forum are summarised in Table 3.

Last but not the least, the adoption of healthy lifestyles and the develop-
ment of new drugs and vaccines should be encouraged as these
constitute new perspectives as far as the therapeutic management of
VRE infections is concerned.
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Table 3:  Actions prioritised at the Third World Healthcare Associated
Infections Forum with respect to antimicrobial resistance
Stakeholder Action to prioritise

. In animals, analogues to human medicines should
not be utilised and antibiotics should be utilised
only as therapeutics with certain categories of
antimicrobials used solely for human therapy

. Growth promoters in animal feed should be
banned worldwide

Commercialisation of antimicrobials used as
human medicines should be regulated and
over-the-counter trading should be prohibited in
all countries

Policymakers and
health authorities

. International organisations (World Health
Organization, European Union) should come up
with a charter of conduct to which all countries
worldwide will abide, as far as the availability of
antibiotics is concerned

. Implement surveillance strategies of antimicrobial
usage and monitoring systems of emergence and
spread of bacterial resistance

Human and

veterinary »  Promote specific courses in medical and
healthcare veterinary schools for training on antimicrobial
communities

resistance mechanisms and wise usage of
antibiotics, taking into consideration the cultural
background of each country

. Sensitise the general public to the importance
of antibiotic protection and wise usage of
antimicrobials, that is, only when it is necessary

. Improvement of sanitation systems and teaching
of basic hygiene practices such as hand washing
in order to reduce the spread of illnesses and
resistant isolates in the environment

General public

. Promote the participation of consumers in the
conception and application of the strategies
developed

. Design reliable and rapid diagnostic tests that
could be utilised by a patient or a doctor to guide
the prescription of antibiotics and avoid their
prescription for viral infections

Industrial

) . Promote research and development of new
companies

antimicrobials

. Determine new economic paradigms that take into
consideration public health interests alongside
industrial quests for profits

Source: Jarlier et al.%

Conclusion

Antimicrobials have been used in human and veterinary medicine ever
since they were discovered. The intensive usage of antimicrobials in
South Africa with their negative impact on food safety and human health
has led to the emergence and the spread of VREs and other antimicrobial-
resistant bacteria. In fact, epidemiological studies have demonstrated the
link between antimicrobial usage and the detection of resistant isolates
in the environment, making therapeutic alternatives for the treatment
of infections caused by such organisms limited and their subsequent
antimicrobial resistance genes available in the environment. As VREs are
becoming a serious health threat in South Africa and worldwide, there is
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an urgent need to address this issue. Although the use of alternatives to
antibiotics will effectively slow down the emergence process of resistant
bacteria such as VREs, a synergistic approach involving the revision and
the enforcement of laws and regulations on drug usage and distribution
in South Africa, the encouragement of the invention of novel therapeutic
molecules and the implementation of a critical nationwide antimicrobial
resistance surveillance system will have significant impacts on the
reduction of the prevalence or incidence of VREs as well as that of other
antimicrobial-resistant bacteria. As awareness among the scientific
community and the major stakeholders is increasing in South Africa,
combined international action is required to tackle this issue once and
for all.

Limitations

A limitation of this review was the lack of animal antimicrobial consump-
tion data because of the unavailability or scarcity of data from wholesale
suppliers and the Department of Agriculture, Forestry and Fisheries of
South Africa.
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