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Abstract. The triumph of antibiotics over bacterial pathgogens that has occurred in the latter half of this
century looks increasingly threatened as we approach the new millennium. Increasing resistance in
important pathogens such as Mycobacterium tuberculosis, Shigella, and Streptococcus pneumoniae threatens
the lives of millions. The increasing problems with drug resistance in C.diphtheriae, Salmonella typhi and
the pneumococcus in Vietnam are presented as examples of the challenge confronting tropical countries.

INTRODUCTION

At the beginning of the 20" Century infections
were a major cause of morbidity and mortality in
humans. Diseases such as pneumococcal pneumo-
nia, cerebrospinal fever, typhoid fever, diphtheria,
dysentery, puerperal sepsis, tuberculosis and ma-
laria were common and often lethal. The introduc-
tion of antimicrobial and chemotherepeutic agents
in the 1940s and 1950s had a dramatic impact,
improving the outcome and reducing the spread of
many of these infectious diseases. As we now
approach the end of this century the increase in
resistance to these antimicrobial agents threatens to
reverse those achievements (Neu 1992; Shears,
1993; Tomasz, 1994). Antimicrobial resistance has
led to increases in morbidity and mortality and
increases in the cost of health care which threaten to
become unaffordable in poor countries. Outbreaks
due to increased transmission of resistant patho-
gens following inadequate treatment also occur.
Resistance is an important problem both in the
hospital and the community, in bacteria, viruses,
fungi and parasites. Some hospital pathogens have
recently emerged which are resistant to nearly all
antibiotics.

This article will focus on the impending crisis of
antibiotic resistance in bacterial pathogens, de-
scribing some antibiotic resistance problems of
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community acquired pathogens in Vietnam, re-
viewing the mechanism, molecularbasis, and spread
of resistance in bacteria and the steps that could be
taken to prevent the “post-antimicrobial era”.

MULTIPLE-ANTIBIOTIC RESISTANT
BACTERIA IN VIETNAM

Antibiotic resistance is rising rapidly in many
bacterial pathogens in Vietnam. Recent experience
with multiple-antibiotic resistant Sa/monella typhi,
Streptococcus pneumoniae and Corynebacterium
diphtheriae illustrate the emerging problems of
antibiotic resistance in community acquired patho-
gens which are typical of many countries.

Salmonella typhi

At the turn of the century typhoid fever was a
prolonged, debilitating illness with a mortality of
30%. In the late 1940s Woodward and colleagues
discovered the beneficial effects of chloramphenicol
in typhoid fever (Woodward et a/, 1948). With
chloramphenicol, the fever fell rapidly and the
mortality was reduced from 30% to less than 1%.
Despite problems with relapses and persistent fecal
carriage, the drug revolutionized the treatment of
typhoid fever and became the standard treatment
for the next 25 years. In 1972 however, there was
an extensive epidemic of chloramphenicol resistant
typhoid fever in Mexico affecting more than 10,000
people (Olarte and Galindo, 1973). Chloramphe-
nicol resistant typhoid subsequently emerged in
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other countries in South America and extensively in
Asia. These strains were resistant to chloramphe-
nicol, sulphonamides, aminoglycosides and tetra-
cycline. Amoxycillin and co-trimoxazole were
found to be effective alternatives (Butler et al,
1977). Chloramphenicol resistance in Vietnam and
Thailand reached levels of 75-80% in the late 1970s
but fell to 45% a decade later as other drugs were
used for treatment (Butler et al, 1977; Hoa et al
1992; Thisyakorn et al, 1987).

The first multidrug-resistant (MDR) strains
emerged in China in 1987 and were simultaneously
resistant to chloramphenicol, ampicillin, trime-
thoprim, sulphonamides, tetracycline and aminogly-
cosides. They have since spread throughout the
Asia region becoming endemic in many areas and
causing localized epidemics in India and Vietnam
(Anand et al, 1990; Mirza et al, 1996; Hien et al,
1995). In the Middle East MDR strains have been
seen in expatriate workers from Asia. Elsewhere in
Africa and South and Central America, although
sporadic cases have been reported, MDR strains
have not been a major problem. MDR §.typhi began
to appear in Vietnam during 1991. Fig 1 shows the
number ofblood culture confirmed cases of typhoid
fever seen at the Center for Tropical Diseases, Ho
Chi Minh City, an infectious disease referral center
for the city and southern provinces. The proportion
of MDR isolates increased from 27% in 1992 to
89% in 1995.

Clinical trials in Vietnam and other centers have
shown that MDR S.typhi can be effectively treated
with fluoroquinolones and third generation
cephalosporins. The fluoroquinolones are clini-
cally superior (White and Parry, 1996) and effec-
tive and safe in courses as short as 2-5 days pro-
vided the strains are fully fluoroquinolone sensi-
tive. Unfortunately a second epidemic of drug
resistant typhoid fever is now emerging in Vietnam
and the Indian subcontinent, that of reduced
susceptibility to the fluoroquinolone antibiotics
(Jesudason et al, 1996; Waineral, 1997). Although
the MIC of these strains are below the fluoroquino-
lone breakpoint, they are less susceptible to fluoro-
quinolones than the fully sensitive strains, are re-
sistant to the quinolone nalidixic acid (Wain et al,
1997). In Vietnam these strains first appeared in
1993, increasing showly until 1997 (Fig 1). In the
last months of 1997 an outbreak in Ho Chi Minh
City took the percentage of isolates from blood
culture at our Center to 80% (Parry et al, 1998).

Vol 29 No.2 June 1998

600 -
500
400 1

300 4

Number

200 4

100 { 8
ot

o B2

Year

W Total S.typhi OMultidrug-resistant @ Quinolone resistant

Fig 1-Salmonella typhi isolated from blood cultures at
the Center for Tropical Diseases, Ho Chi Minh
City, Vietnam.
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Short course ofloxacin treatment of uncomplicated
typhoid fever is successful in 98% of patients with
a quinolone sensitive strain, but only 50% in those
witha quinolone resistant isolate (Wain etal, 1997).
Increasing the duration of treatment to seven days
still results in prolonged fever clearances, failure
rates of up to 10% and relapse rates of 3% (unpub-
lished observations). Quinolone resistance in Viet-
nam is not restricted to S.typhi. Fully fluoroqui-
nolone resistant isolates of E. coli and Klebsiella sp
isolated from blood cultures at this center have
increased from 2% in 1993 to 8% in 1997 and in
urine from 0% in 1993 t0 24% in 1997 (unpublished
observations).

A rough calculation of the average cost of ad-
mission (including bed fees, investigations and the
cost of treatment) for a patient infected with nali-
dixic acid resistant typhoid is US $ 50 compared
with US § 22 for a patient infected with a sensitive
strain. Treatment of these bacteria with reduced
fluoro- quinolone susceptibility is an acute problem
as the third generation cephalosporins and
carbapenems are unaffordable for many people.

Streptococcus pneumoniae

The pneumococcus is a major global pathogen
causing an estimated 3 million to 5 million deaths
per year. The introduction of penicillin inthe 1940s
had a tremendous impact on reducing the mortality
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of pneumococcal disease. The emergence of peni-
cillin resistance in pneumococci was therefore a
worrying development. Low level resistance ap-
peared in Papua New Guinea in 1967 and high level
resistance in South Africa in 1977. Penicillin re-
sistant pneumococci have now appeared in many
areas of the world and in some areas have reached
high levels. Recent studies from Asia have shown
high levels of penicillin resistane (Lee ef al, 1995;
Yoshida et al, 1995). Penicillin resistance is also
emerging in Vietnam. Inthe years 1993-1995 10%
of invasive isolates at the Ceter for Tropical Dis-
eases were penicillin resistant. In 1996-1997 this
had risen to 56% (p=0.03) (Parry et al, 1997b).
Although the resistance is still low level,treatment
failures have occurred with third generation
cephalosporins. If high level penicillin resistant
isolates appear this may necessitate changes in the
empirical antibiotic choice for the treatment of
meningitis. For many patients vancomycin is pro-
hibitively expensive.

High levels of penicillin resistance have also
been found in pneumococci carried in the
nasopharynx of local children. In a study of almost
500 Streptacoccus pneumoniae isolated from the
nose of healthy schoolchildren the level of penicil-
lin resistance varied from 17% in rural chidren to
87% in the urban children (Parry ef al, 1997a).
Furthermore resistance was present to other com-
monly used antibiotics including tetracycline, cotri-
moxazole, chloramphenicol and erythromycin. This
reflects a significant reservoir of resistance genes
within pneumococci in the community that is likely
to subsequently appear in invasive strains.

Corynebacterium diphtheriae

The incidence of diphtheria has declined in the
last ten years in Vietnam with the more widespread
uptake of vaccination. However about 50 cases a
year are still seen at the Center for Tropical Dis-
eases, Ho Chi Minh City. The early administration
of antitoxin is the key component of the effective
management of diphtheria. Antibiotic therapy is
important to rapidly eradicate the organism from
the throat, eliminating further toxin production,
and to prevent the spread of the bacterium to others.
Penicillinis the recommended antibiotic with eryth-
romycin as an alternative. Despite sporadic reports
of antibiotic resistance to single antibiotics in
C.diphtheriae (Harnisch ef al, 1989), resistance has
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not been a particular problem. The antibiotic sensi-
tivities of strains of C.diphtheriae isolated at this
center between 1992 and 1996 has shown that 24%
were resistant to tetracycline, 15% to erythromy-
cin, 8% to chloramphenicol, 3% to trimethoprim
and 1% to rifampicin (Parry ef al, 1997b). Some
strains exhibited resistance to two, three and four
antibiotics. Although we have no evidence that the
resistance was associated with a poorer clinical
outcome, the emergence of multiple-antibiotic re-
sistant diphtheria, not previously reported, is a
worrying development.

MECHANISMS AND GENETICS OF
ANTIBIOTIC RESISTANCE

Microorganisms have shown a remarkable abil-
ity to develop resistance to each successive genera-
tion of chemotherapeutic agents. The three main
mechanisms of resistance to antimicrobial agents
are shown in Table 1 (French and Phillips, 1997).
Although some bacteria are inherently resistant to
many commonly used antibiotics (eg Pseudomonas
aeruginosa, Burkholderia pseudomallei), resistance
more commonly emerges by the selection of resist-
ance mutants or the acquisition of resistance genes.

The earliest forms of resistance arose due to
point mutations in the gene coding for the target
molecule of the antimicrobial agent. This is the
case, for example, with Mycobacterium tuberculo-
sis (Zhang and Young, 1994). Quinolone resist-
ance in S.typhi also occurs by mutation. Analysis of
strains from Vietnam have shown single base pair
mutations at one of two sites in the quinolone
resistance determining region of the Gyrd gene
(Wain ef al, 1997). This mutation results in substi-
tution of aspartate for glycine at position 87 or the
substitution of serine for phenylalanine at position
83. Similar mutations have been found in quinolone
resistant S.fyphi from India (Brown ef al, 1996). It
has been recently recoginized that some bacteria
mutate at a much higher rate than was previously
thought. Strains of £.coli and S.typhimurium have
been described that mutate at a rate one hundred
times faster than previously thought possible
(LeClerc et al, 1996). The mechanism of penicillin
resistance in S.pneumoniae and Neisseria gonor-
rhoea is also by alteration of the target molecule.
However in this case the altered penicillin binding
protein (PBP) genes are believed to have arisen by
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Table 1

Mechanisms of antibiotic resistance.

Mechanism

Example

Drug modifying enzymes

Alteration of the target molecule

Alteration in permeability and drug efflux

Beta lactamases (beta lactams,
cephalosporins, carbapenems)
Aminoglycoside-modifying enzymes
Chloramphenicol acetyltransferase

Penicillin binding proteins (penicillin,
methicillin)

DNA gyrase (fluoroquinolone)

Ribosome (macrolide-licosamide)
Dihydropteroate synthetase (sulphonamide)
Dihydrofolate reductase (trimethoprim)
Bacterial ligase (glycopeptide)

Active efflux (tetracyclines)
Decreases in porin proteins

interspecies homologous recombinational events
(Spratt, 1994). It is thought that segments of the
PBP genes have been replaced by sements from
related species and resulted in mosaic genes.

Probably the most important mechanism con-
tributing to the emegence and dissemination of
resistance genes is the process of transferable re-
sistance first described in Shigella dysenteriae
(Watanabe and Fukasawa, 1960). Resistance genes
may be carried on transferable genetic elements
such as plasmids, transposons and integrons (Davies,
1994). Plasmids are extrachromosomal genetic
elements that are autonomous and self-replicating.
They may spread between bacteria of the same
species and bacteria of different species by the
processes of conjugation and transformation
(Courvalin,1994). Plasmids can determine a wide
variety of functions in bacteria such as metabolic
capacities, virulence and antibiotic resistance. They
can be classified by incompatibility grouping and
restriction enzyme digestion. The chromosome or
plasmid may have specialized genetic elements
known as transposons. Transposons are small ge-
netic elements that can move from one area of the
chromosome to another or between the chromo-
some and plasmid and carry resistance genes.
Mobile genetic elements such as plasmids and tran-
sposons enable antibiotic resistance genes to be
disseminated within and between bacterial species.
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A single clone of a specific organism may become
resistant when it inherits a plasmid or transposon.
In the presence of suitable antibiotic pressure the
resistant strain will be favored. The presence of
several antimicrobial resistance genes on one ele-
ment allows one antibiotic to select resistance to
several unrelated antibiotics.

The antibiotic resistance plasmids in S.zyphi are
believed to have probably originated from plasmids
in the Enterobacteriaceae commonly found in the
gastrointestinal tract. Multiple-antibiotic resist-
ance in S. fyphi has generally been associated with
large molecular weight incH1 plasmids (Mirza et
al, 1996). Analysis of S.zyphi isolated in Vietnam
has shown that the multiple-antibiotic resistance
genes are carried on large molecular weight self-
transferable plasmids (unpublished observations).

Multiple-antibiotic resistant plasmids may
evolve in a variety of ways. Site-specific integra-
tion of antibiotic resistant determinants may be
mediated by a family of DNA elements called
integrons. Integrons are small genetic units that
function as gene expression cassettes. They may
carry antimicrobial resistance genes and are able to
insert into transposons, plasmids and chromosmes
(Reechia and Hall, 1995). They have an integrase
to allow site specitic integration and space for
resistance genes to be inserted. Anintegral promotor
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allows the resistance genes to be switched on and
off and there are genes that appear to exchange
freely between different integrons. The sequences
of these integrons are common in drug resistant
bacteria (Jones ef al, 1997). Alternatively indi-
vidual genes on the plasmid may also evolve by
mutational events. Mutations in the original beta
lactamase genes such as TEM1 and 2 and SHV1
have resulted in extended spectrum beta lactamase
enzymes, active against the third generation
cephalosporins and carbapenems (Davies, 1994).

SPREAD OF ANTIBIOTIC RESISTANCE

Antibiotic resistant bacteria may appear and
spread in a new area by a variety of means as
outlined in Table 2. Antibiotic usage is a key factor
influencing the emergence of antibiotic resistance

constant state of interchange with bacteria in ani-
mals, plants and the environment. Furthermore
there is a constant and free exchange of genetic
material between bacteria within and between these
different ecosystems. When these large numbers of
bacteria at these sites with a rapid reproductive rate
are bathed in antibiotic, particularly at sub-thera-
peutic doses there is a potential for the rapid evolu-
tion of resistance. There is a circulating pool of
resistance genes in the normal bacterial flora which
are potentially transferred to pathogenic microor-
ganisms.

This concept is well recognized in the hospital
environment but is also important in the community
as illustrated by the high levels of resistance that
may be found in the normal enteric flora of healthy
schoolchildren. Table 3 summarizes several studies
in which antibiotic resistance to commonly used
antibiotics were measured in E.coli isolated from
the feces of healthy schoolchildren (Lester et al,

Table 2

Factors conributing to the emergence of antibiotic resistant bacteria.

1. Acquisition of resistance in a previously susceptible strain (By conjugation, transformation,

recombination).

w N

. Person to person spread of a resistant clone.

. Antibiotic selection of a sub-population of resistant mutants.

4. Introduction of a resistant microorganism where none was previously present,

(McGowan, 1983). Antibiotic pressure will select
for resistant mutants in a population and also allow
strans with newly acquired resistance genes a selec-
tive advantage. This will particularly be the case
where there is incorrect and unregulated antimicro-
bial usage. Antibiotic usage, however, is not the
only factor. Person to person spread is also impor-
tant, be it in hospitals, child-care facilities or over-
crowded shanty towns. Furthermore, the increas-
ing mobility and mixing of human populations is
allowing the global spread of resistant bacteria.

It is important to consider the bacterial ecosys-
tem in which antimicrobial agents act. They do not
merely exert evolutionary pressure on pathogens
but also the normal bacterial flora of humans, ani-
mals and the environment. All humans have an
enormous normal bacterial flora on the skin, in the
oropharynx and gut. These bacterial flora are in a
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1990; Aymes et al, 1992; Mamun ef al, 1993). In
India there was a marked difference in the levels of
resistance in children from rural communities com-
pared to urban children, a difference also seen in the
carriage of penicillin resistant pneumococci in
Vietnamese children (Aymes et al, 1992; Parry
etal, 1997a). This probably reflects different levels
of antibiotic availability and usage and also of
overcrowding.

Antibiotic usage is not only important in hu-
mans but also in the animal industry and agriculture
(Piddock, 1996). In some countries the amounts of
antibiotic used in these areas is equal to or more
than that in humans. Increases in fluoroquinolones
resistance in non typhi Salmonellae and Campylo-
bacter and the emergence of vancomycin resistance
in enterococci have been linked to the veterinary
use of antibiotics.
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Table 3

Antibiotic resistnce of fecal E.coli in healthy children.

Country Reference % resistance
Ampicillin Trimethoprim Chloramphenicol Tetracycline Sulphonamide

Bangladesh Mamun et al, 1993 58-94 17-70 29-94 29-92 20-87
China Lester et al, 1990 47 42 92 87
India: rural Aymes et al, 1992 41 41
India: urban Aymes et al, 1992 94 94
Usa Lester et al, 1990 23 15 33 36

WHAT CAN BE DONE? One possibility is to reduce prescribing of a

Does this spread of infectious agents resistant to
antimicrobial agents herald the start of the post-
antibiotic era? And if so, whan can be done now to
prevent the situation deteriorating? Possible steps
include more efforts to prevent infection, careful
surveillance of resistance and more careful use of
existing antibiotics in addition to the development
of new antibiotics.

Prevention of infection by the use of vaccines
and improved public health strategies is clearly the
best way of countering this problem but it will
never be the whole answer. Surveillance of resist-
ance to antimicrobials is important to define the
extent and degree of the problem and as a prelude to
reducing it. The provision of microbiological fa-
cilities and expertise for this in many areas of the
world is indequate. Good surveillance is required
on a local, national and international level. Mo-
lecular typing methods allow the possibility of
tracking the national and international spread of
resistant clones. A network of laboratories in each
region, co-ordination by WHO and use of the internet
could help to achieve this.

Control of antimicrobial usage that is the most
difficult and controversial area. Before physicians
are willing to change prescribing habits they must
be convinced that such changes will make a differ-
ence and the evidence that it does is scanty. Fur-
thermore much of the global antimicrobial usage is
either over the counter in the private sector or
veterinary use. What difference will a change in
physician prescribing make if these other routes are
unchecked?
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particular antibiotic or group of antibiotics. There
are examples where changes of prescribing have
resulted in a fall in levels of resistance. In an
intensive care unit in Bahrain, for example, a major
problem with Klebsiella resistance to the third gen-
eration cephalosporins developed following wide-
spread use of these agents for treatment and prophy-
laxis (Wallace et al, 1995). A ban onthe use of third
generation cephalosporins and more careful use of
other antibiotics resulted in a fall in the number of
Klebsiella isolates resistant to third generation
cephalosporins. The decline of chloramphenicol
resistance in S.zyphi in Thailand and Vietnam in the
1970s and 1980s as treatment changed to cotrimo-
xazole is another example (Butler et al, 1977; Hoa
et al, 1992; Thisyakorn et al, 1987). Unfortunately
this change was not permanent as MDR typhoid
emerged in the 1990s. In Finland erythromycin
resistance in Streptococcus pyogenes reached high
levels the end of the 1980s. A countrywide effortto
reduce macrolide consumption resulted in a signifi-
cant fall in the level of erythromycin resistance
(Seppala et al, 1997). In Hungary a reduction in
penicillin usage was followed by a reduction in the
incidence of penicillin resistant pneumococci
(Nowak, 1994). Whether these reductions will be
maintained remains to be seen.

More careful use of antimicrobial agents rather
than a mere reduction in usage may also lead to a
reduction in rates of resistance. An example of this
is the introduction of directly oberved therapy for
the treatment of tuberculosis. The change to di-
rectly observedtherapy instead of traditional therapy
(which relies on patient compliance) in Tarrant
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County, Texas resulted in a significant falls in the
level of drug resistance. Primary drug resistance in
tuberculosis isolates fell from 13.0% to 6.7%
(p<0.001), acquired resistance from 14.0%t0 2.1%
(p<0.001) and the relapse rate fell from 20.9% to
5.5% (p<0.001) (Weis et al, 1994). Treatment of
tuberculosis with a single drug invariably fails due
to the selection of resistant mutants. To reduce the
chance of this occurring, multiple drugs with dif-
ferent resistant mechanisms are used simultane-
ously (Zhang and Young, 1994). No single bacte-
rium is likely to be resistant to all the drugs used.
The routine use of multiple drugs is a strategy now
used for HIV and has recently been proposed for
malaria (White, 1998). It is an approach that per-
haps should be more widely used. There has been
little research on the effect on resistance of innova-
tive drug regimens such as rotating antibiotics or
combinations.

Control of the usage of existing antibiotics is
particularly difficult in the community. Many an-
timicrobial agents are bought over the counter in
pharmacies or in the market rather than following
the assessment and prescription of a physician. In
study in Kenya 80% of antimalarials for febrile
children were bought by mothers from the local
pharmacy (Snow ef al, 1992). Prescribing from
pharmacies and doctors can be poor. In a study
from Bangladesh only 8-10% of pharmacists and
43-46% of doctors knew the WHO recommended
treatment for dysentery (Ronsmans et al, 1996).
Adequate education and dissemination of informa-
tion to those in the front line is critical.

We should not expect a host of new antibiotics to
be available in the near future. Itis asalutary lesson
that until recently there have been no genuinely
new antimicrobial agents developed in the last
twenty years. Although some new agents are emerg-
ing such as the streptogramins, oxazolidones,
everninomicins and antimicrobial peptides, they
have a restricted market and are likely to be expen-
sive (Mitchell, 1998). Increased understanding of
the physiology, biochemistry and genetics of mi-
croorganisms allows the possibility of developing
compounds to act against new therapeutic targets
(Chopra et al, 1997). It is likely, however, that the
ingenuity of bacteria will continue to circumvent
old and new antimicrobial agents.

The emergence and dissemination of resistance
to many antimicrobial agents threatens to reverse
the benefit we have enjoyed in the last fifty years.
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Toreduce the chance of the emergence of untreatable
infections efforts must be made now to prevent
infection, iraprove the surveillance of resistance,
find better ways to use existing drugs as well as
develop new agents. A co-ordinated and global
approach is needed to prevent the spectre of
untreatable infections in the 21* Century.
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