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Historically speaking, the first description of Streptococcus pneumoniae strains with
raised penicillin MICs came from the laboratory of Dr. Maxwell Finland in the mid-
1960s Y. However, results were not confirmed, and the possible significance of this
phenomenon was missed. Hansman and co-workers, from Australia, first described in
1967 a case of a child colonized in the upper respiratory tract by a pneumococcus with
a penicillin MIC of 0.125 pg/ml 2, It was not clear at the time whether the strain was
causing infection or not, but the MIC was higher than that which was seen previously.
Subsequent to that in the late 1960's and early 1970's Dr. Hansman and his group
described the same phenomenon in other parts of Australia but most especially a very
high incidence of colonization with these strains in Papua, New Guinea*® .

In the 1970’ s anecdotal reports from the US and the UK appeared of infections
caused by these pneumococcus strains with partial resistance to penicillin 2. In early
1977, however, our group in Durban, South Africa started to see cases of bacteremia
and meningitis which, with the crude disk susceptibility testing techniques we had at
our disposal at the time, we found to be caused by pneumococcus strains resistant to
penicillin ™.  Subsequent MIC testing showed these strains to be indeed resistant to
penicillin and, within a few weeks of this finding being communicated to other
workers, these strains were isolated from Johannesburg, and other parts of South
Africa. Some of these strains were multiresistant to two or more antimicrobials ™.

Since these findings in the late 1970s, the incidence of pneumococci resistant to
penicillin and other R-lactam and non-Rlactam antibiotics has increased . This
increase has been particularly dramatic during the past 10 years al over the world, and
resistant clones have spread rapidly from country to country, and from continent to
continent *®. This increase must be taken in the context of the fact that over 90% of
pneumococcal infections are not diagnosed bacteriologically.

Because the mechanism of R3-lactam resistance in pneumococci is based upon
changes in penicillin binding proteins, [¢-lactam MICs in this species form a continuum.
It has been stated that pneumococci are susceptible to penicillin G if their MICs are
<0.1 pg/ml, intermediate if MICs are 0.1-1.0 pg/ml, and resistant if MICs are >1.0
pg/ml. Most pneumococci which are fully resistant to penicillin G have a maximal
MIC of 4 pug/ml, but a few strains with MICs of 8 and 16 pg/ml have been isolated *".
However, this classification is not absolute and the decision as to whether strains are
clinically resistant depends on other additional factors such as pharmacokinetic and
pharmacodynamic parameters, site of infection, immune status of the patient, etc. For



the purpose of this presentation, pneumococci with MICs 0.1 pg/ml or greater are
taken as resistant. It should also be borne in mind that the incidence of these strainsin
nasopharyngeal carriers (especially in the pediatric age group) is higher than that seen
in isolates from clinical infections*” .

In general, the higher the penicillin MIC the higher the MIC to other (3-lactams and
non-f¥lactam compounds, including macrolides, tetracyclines, chloramphenicol,
clindamycin and cotrimoxazole’”. In the US, most penicillin susceptible strains
(>95%) are macrolide susceptible; however, this number decreases to approximately
50% in fully penicillin resistant strains @ .

In the United States there really been no proper large state-by-state surveys of the
incidence of these strains. However, available data indicate that there has been an
increase in resistance to penicillin from <5% before 1989 (including <0.02% of
isolates with MICs >1.0 pyg/ml) to 6.6% in 1991-1992 (with 1.3% of isolates with
MICs >1.0 pg/ml) and to 23.6% (360) of 1527 strains during 1994-1995 *%9_ |t is
also important to note the high rates of isolation of penicillin intermediate and resistant
pneumococci (approximately 30%) in middle ear fluids from patients with refractory
otitis media, compared to other sites .

In Canada, the country-wide incidence of penicillin resistant pneumococci is at least
10%, and has increased dramatically between 1990-1996. Interestingly, the highest
incidence of these strains has been found in Saskatchewan, a province with a sparsely
populated population ** %%, A recent multicenter study has documented an incidence
of at least 20% of drug-resistant pneumococci in Mexico, and all countries in South
Americathat have been investigated *> 29,

It became very clear soon after isolates had been described in South Africa that
Spain was a magor focus of infection. The overal incidence of drug-resistant
pneumococci in Spain seems to have peaked at approximately 50%: the incidence in
Spain increased from 8.7% between 1979 and 1981 to 44.3% in 1989 and the latest
figuresin Spain are 51.7% ** %39

Importantly, strains with clonal epidemiological features identical to those of certain
Spanish pneumococcal serotypes (e.g. 23F) have been isolated in various countries all
over the world . We are in the midst of a pandemic of drug-resistant pneumococcal
clones, many of which may have originated in Spain. The incidence in Portugal is also
quite high and is increasing *. In other countries of Western Europe the incidence is
increasing, and is now approximately 10% in Switzerland and Germany >3+ %3 What
happened in France is a good sentinel indication of what is happening in the rest of the
world: alogarithmic increase from 0.5% in 1984 to 36.3% in 1995 was seen *> 3“9, At
least some strains probably originated from Spain, and then spread in the pediatric
population, the most important reservoir of these organisms *“? . In the Low Countries
(Belgium and The Netherlands) the incidence is still low > “*¥ | However, a French
clone has recently appeared in a Belgian hospital *?, and it is probably only a matter of



time before these strains spread and the incidence in the Low Countries increases as
well.

In Italy, published studies have documented a low incidence of penicillin resistant
pneumococci (approximately 5% in Central and Northern Italy)(15,45,46). In contrast,
however, the incidence of macrolide resistance in penicillin susceptible strains is high
(approximately 50%)* “>“® : this contrasts with the situation described above in the
US . Macrolide resistance is also more prevalent in other countries in Southern
Europe (Spain, France) than in the US 3, and a Mediterranean clone which is
penicillin susceptible but resistant to other non-3-lactams has spread through Italy,
Greece and Isragl 7 .

In the United Kingdom, the incidence of drug-resistant pneumococci is slowly
increasing > * “® | Of interest, however, is an incidence of approximately 10% in
Ireland * . The incidence in Scandinavia and Austria remains low (approximately 5%)
15, 49-53)

Another European focus of drug-resistant pneumococci is Central and Eastern
Europe ™ . The very high reported incidence of 57.8% in Hungary *” was probably too
high, owing to the nosocomial spread of one isolate. However, a country-wide study
has documented a high incidence of these strains in most regions of Hungary® .
Romania has a very high incidence of these strains **”, the only other country with a
reported incidence in some studies of 68 to 87% comparable to that of Korea (see
further). Theincidence of drug-resistant pneumococci is also high in Bulgaria ®**® and
Slovakia (especially those areas adjacent to Hungary)®" *?. Although not published in
the English literature, the incidence of drug-resistant pneumococci in the former
Yugodlavia is high * . The incidence of these strains in Russia and Central Asia is
currently unknown. Recent studies have documented a high incidence of drug-resistant
pneumococci in different areas of Greece ® * |

The position in Iceland deserves special mention. Prior to 1989, no strains of drug-
resistant pneumococci were seen in that country. Suddenly, however, between 1989
and 1992 a serogroup 6B clone, probably spread from Spain, appeared and spread
rapidly in the pediatric population. Although prudent use of day-care facilities and
antibiotics has reduced the incidence of these strainsin Iceland, they are still prevalent,
illustrating once again the capability of these strains to spread intercontinentally %62 .

In the Middle East, the incidence of drug-resistant pneumococci is high, especially
in Israel, Saudi Arabia, Lebanon, Turkey and Egypt, with reported incidences as high
as 50% %%  The incidence in Israel (in which most strains show intermediate
penicillin resistance) seems highest amongst Bedouins, probably because of their
communal familial patterns, with an increased chance for people to cough and sneeze
on each other and thereby colonize each other * .

Information on the incidence of drug-resistant pneumococci in Africais sparse
The occurrence of these strains in South Africa continues unabated (especially of
strains with intermediate resistance)’® ™, but a high incidence of resistance has been
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documented in Kenya, Ghana, Rwanda and Uganda. Recently, a high incidence of
these strains has been documented in French West and North Africa, with a
particularly high incidence in Senegal (>60%)"%™" .

Before establishment of ANSORP, very little information on the incidence of drug-
resistant pneumococci was available from Asia ® . High rates were previously
reported from Korea, Japan, Pakistan and Bangladesh *> #® | Incidence rates of these
strains in other Asian countries will form the subject of other presentations at the
current Symposium.

The high incidence in Papua, New Guinea continues > . In Australia the highest
incidence seems to be amongst the Aborigines in the Northern Territories ® and a low
incidence of these strains is present in New Zealand ™ .

What is the driving force behind the rapid development of drug-resistant
pneumococci? In order to investigate this, we performed two studies on multistep
resistance in subinhibitory antibiotic concentrations. In both studies, strains were
subcultured a maximum of 50 consecutive times in subMIC concentrations of the
antibiotic. In the first study ®, selection of resistance to amoxicillin (with or without
clavulanate), cefaclor, cefuroxime and azithromycin among six penicillin G- and
azithromycin-susceptible pneumococcal strains and among four strains with
intermediate penicillin sensitivities (azithromycin MICs 0.125-4 pg/ml) was
performed. For only one of the six penicillin susceptible strains did subcultures in
medium with amoxicillin (with or without clavulanate) lead to an increased MIC, with
the MIC rising from 0.008 to 0.125 pg/ml. Five of the six penicillin-susceptible strains
showed increased azithromycin MICs (0.5 to >256 pg/ml) after 17 to 45 subcultures.
Subculturing in medium with cefaclor did not affect the cefaclor MICs of three strains
but led to increased cefaclor MICs (from 0.5 to 2 —4 pg/ml) for three of the six strains,
with MICs of other [lactams rising 1 to 3 twofold dilutions. Subculturing in
cefuroxime led to increased cefuroxime MICs (from 0.03 - 0.06 pg/ml to 0.125 - 0.5
pg/ml) for al six strains without significantly altering the MICs of other [3-lactams,
except for one strain, which developed an increased cefaclor MIC. Subculturing in
azithromycin did not affect [-lactam MICs. Subculturing of the four strains with
decreased penicillin susceptibility in amoxicillin (with or without clavulanate) or
cefuroxime did not select for cefuroxime resistance. Subculturing of one strain in
cefaclor led to an increase in MIC from 0.5 to 2 pg/ml after 19 passages. In contrast to
strains that were initially azithromycin susceptible, which required >10 subcultures for
resistance selection, three of four strains with azithromycin MICs of 0.125 to 4 pg/ml
showed increased MICs after 7 to 13 passages, with the MICs increasing to 16-32
pg/ml. All azithromycin-resistant strains were clarithromycin resistant. With the
exception of strains that contained mefE at the onset, no strains that developed
resistance to azithromycin contained ermB or mefE, genes that have been found in
macrolide-resistant pneumococci obtained from clinic patients. Preliminary results of



resistance selection studies in our laboratory have found the same phenomenon for
erythromycin, clarithromycin and roxithromycin.

In the second study 9, the ability of 50 sequential subcultures in subinhibitory
concentrations of  ciprofloxacin, levofloxacin, sparfloxacin, grepafloxacin,
trovafloxacin and amoxicillin/clavulanate to select for resistance was studied in 6
penicillin susceptible and 4 penicillin intermediate pneumococci. Subculturing in
ciprofloxacin, grepafloxacin, levofloxacin and sparfloxacin led to selection of mutants
with raised MICsin al 10 strains with MICs rising from 0.5-4 to 4-32 pg/ml after 7-12
passages for ciprofloxacin, 0.06-0.25 to 0.5-8 pg/ml after 5-23 passages for
grepafloxacin, 0.5-1 to 4-64 after 14-49 passages for levofloxacin and 0.125-0.25 to 1-
16 after 8-26 passages for sparfloxacin. Subculturing in trovafloxacin led to raised
MICs imn 8 strains with MICs rising from 0.06-0.125 to 0.5-8 pg/ml after 6-28
passages. Subculturing in amoxicillin/clavulanate led to raised MICs in one strain with
the MIC rising from 0.015-0.125n pg/ml after 24 passages. Subculturing in
amoxicillin/clavulanate did not lead to raised MICs to any of the quinolones, and
subculturing in quinolones did not lead to amoxicillin/clavulanate resistance. Most
mutations in quinolone resistant quinolones were in parC and gyrA, but efflux pump
abnormalities were found in strains resistant to ciprofloxacin and levofloxacin.

In summary, drug-resistant pneumococcal clones have spread all over the world and
are now a serious therapeutic problem, particularly in meningitis and otitis media.
Introduction of a conjugated vaccine which can be used in children under 2 years of
age may help alleviate this serious problem. Although little can be done to prevent
spread of resistant clones from country to country and from continent to continent,
rational use of antimicrobials (especially of the oral class) may aso help in this regard.
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