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SUMMARY 

Penicillin-resistant Streptococcus pneumoniee 
(pneumococcus) became clinically significant in the late 
1970's when reports of resistant clinical isolates, leading to 
treatment failure, were first reported from South Africa. 
Since then reports of penicillin-resistant pneumococcus 
(PRP) have come in from all over the world including 
Africa. The drugs of choice for treatment of life-threatening 
infections like meningitis and septicaemia were changed to 
cefotaxime and ceftriaxone. In recent times, there has 
emerged pneumococcal strains resistant to most antibl 
otics including the extended spectrum cephalosporins with 
grave impl ications for therapy. The penicillin resistance is 
not due to the production of beta-laclamases but lo 
changes in the penicillin binding proteins, brought about by 
genetic transformation. This is a review of the literature on 
lhe 'epidemtoloqy.' diagnosis, therapy and prevention of 
PRP including the problems encountered in Nigeria in 
isolating and identifying these strains. 
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Historical and Epidemiological Review 

In 1875, Klebs described Streptococcus pneumoniae 
(pneumococcus) in the fluid from the lungs of a man dying 
with pneumonia 1 .  In 1881 ,  Pasteur and Stenberg indepen 
dently recovered pneumococci from rabbit that had been 
experimentally inoculated with saliva2. ""ver the next 10 
years it was shown to cause infection of the cerebrospinal 
fluid (CSF), kidney. middle ear, blood, synovial fluid, heart 
valves and pericardium 1 ,  2, The association of the 
pneumococcus with lobar pneumonia was described by 
Friedlander and Talman in 1883 and was later confirmed 
by Frankel in 1884 and Weichselbaum in 18863. By 191'0. 
Neufeld and Handel reported that antisera conferred 
type-specific immunity in mice3. In 1962 it was recognized 
that a large proportion ot neatthy persons carried the pne� 
mococci in the nasopharynx and .that this was often a 
source of disease in contacts of these asymptomatic 
carriers5, 6.By 1939, S. pneumoniaa was described as the 
aetiological agent in 90% of all cases of lobar pneumonia. 
Between 1944 - 1945 the "first successful field trial ot a 
polyvalent (tetravalent) potysaccharloe vaccine for pneu 
mococcal pneumonia was carried out by Macleod and 
co-workers in a military training centre in which an out 
break of pneumococcal pneurnonia'nad been detected+ 

In the pre-antibiotic era. the mortality of bacterial 
pneurnococcal pneumonia was 77°/08. With the introduc 
tion of sulphonamides in the 1930's and penicillin in 1945, 
antimicrobial therapy replaced the immune sera for the 
treatment of pneumococcal infection and mortality 
decreased dramatically9. Between the 1950's and 1970's, 
the mortality rate was stable at about 28% 10. 1 1 .  In the 
1960's, the susceptibility of the pneumococcus to penicillin 

and tetracycline was considered invariable 10, but by the 
1970's the �ccasio.nal resistant strain was encountered12 
but was not considered ;..,�n1ficant or a sign of an emerging 
trend 13. 

Antimicrobial resistance in the pneumococcus was 
first documented by Morgenroth and Kaufman in 1 9 1 2 1 4 ,  
when optochin-resistant pneumococci were obtained from 
experimentally infected mice treated wit, optochin (ethyl 
hydrocupreine}. Acquired pneumococcal resistance to 
optochin during therapy of patients was reported in 
191515. In 1939, S. pneumoniae resistance to sulfapyri 
dine was reported in a patient with meningitis 16 who died 
despite high concentrations of the drug in her 
cerebrospinal fluid (CSF). In 1943 sulfadiazine resistance 
was reported in a patient during drug therapy for lobar 
pneumonia 17. 

Although mutant strains of S. pneumoniae resistant to 
penicillin G were reported soon after the introduction of this 
drug in 194518, clinical resistance was not reported till 
1965 in a Boston hospital in the USA. in two of 200 strains, 
but they failed to recoqnise its significance 19. Hansman 
and Bullen in 1967 noted the significance of penicillin 
resistance in the pneumoccccusct. This strain, with an 
MIC of 0.06µglml was isolated from the sputum of a patient 
who presented with hypogammaglobulinaemia and who 
had been exposed to multiple antibiotics20, 2 1 .  

Subsequently, resistant strains were reported from 
New Guinea and Australia 22. 24 and gradually anecdotal 
descriptions of pneumococci with increased resistance 
(most were of intermediate resistance) began to appear in 
literature. .All the patients were children below the age of 5 
years and most had a concomitant debilitating disease 
25-29 . 

In 1977 - 1978, penicillin - resistant pneumococci 
(PAP) wem detected in Durban. South Africa, among 
patients with meningitis, bacteremia, pneumonia and 
empyema30, 3.1. All isolates were highly resistant to peni 
cillin with MIC's of 4 - 8 µglml and were also resistant to 3 
or more classes of antibiotics. The widest spectrum of 
resistance in a single organism was resistance to 7 
classes of antibiotics i. e. resistance lo beta-lactams 
(including penicillin and first and second generations of 
cephalosporins), tetracyclines, macrolides. (erythromycin), 
clindamycin, chloramphenicol, rifampicin and cotrimoxa 
zole, These strains were isolated from hospitalised 
children and at that time more than 50% of 128 hospital 
ized carriers of pneumococci were colonised with strains 
resistant to penicillin, tetracycline. erythromycin, chloram 
phenicol and co-tnmcxazotes". 

Between 1974 and -1984 penicillin-resistant S. pneu 
moniae were reported worldwide from Israel, Spain, 
Poland, South Africa and the USA32. Through the 80's and 
into the 90's reports increased from many countries includ 
ing New Zealand, Switzerland, West Germany, France, 
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Belgium, Hungary, Romania, England, Iceland, Japan, 
Malaysia, Pakistan, Bangladesh, Chile, Brazil and 
Canada30, 

Reports from Afr'.::::::1 are scarce except from South 
Africa in which resist, "ce rates are close to 20°/030. 
Surprisingly, only low ii..!es <5°/o have been obtained in 
surveys carried out in Zambia,33 Senegal and Ivory 
Coast34. These may be as a result of underreporting and 
more surveys will be required in these countries. In Nairobi 
(Kenya), a rate of 26% has been reported35_ North African 
countries have also posted low rates, below 2°/o in Morocco 
and Egypt though in Tunisia resistance is approximately 
10o/o34. A limited survey in 1978 from Nigeria reported a 
20o/o revalence rate of PAP36. 

Recent studies suggest that with time resistant 
strains increase their geographic spread and level of resis 

tance37,38,39, and by 1991,  Bradley reported the first case 
of a strain resistant to a third generation cephalosporin, 
ceftriaxope40 which was confirmed by reports came in 
lrom South Africa in 1993.41 

Serotypes 

There are al least 84 different serotypes of S. pneu 

moniae based on differences in their polysaccharide 
capsules'[. Pneumococci may be serotyped by the 
Ouellung reaction of the capsular polysaccharide-'. 
According to the Danish nomenclature, the serotyping 
scheme is based on reaction to 48 antisera. Some antisera 
recognise a specific serotype (e. g., serotype I) while 
others recognise multiple serotypes within a serogroup 
(e .g .  6A and 6 B).3 

The distribution of Serotypes associated with disease 
varies geographically and with age in that children have dil 

ferent distribution of disease-causing serotypes than 
adults.42,43 Of the 84 capsular types, types 1,  3, 4, 7, B, 9, 
1 2 ,  and 4 usually cause the most serious-diseases in 
adults while serotypes 4, 5, 18,  19, 23. 1 ,  4  and 9 are more 
commonly associated with serious infection in chi!dren3. 

Definition of Resistance and Susceptibility 

Until the emergence of penicillin resistant S. pneu 

moniae, susceptibility testing of 'the pneumococci was 
regarded as unnecessary. Since the emergence of high 
level penicillin resistance strains. susceptibility testing is 
now essential. The recommendation of the National 
Committee for Clinical Laboratory Standards (NCCLS) has 
become the standard criteria for the determination of 
susceptibility to any antibiolic (Table I). These breakpoints 
(point at which strains are considered resistant) are applic 
able only if these tests. are carried out in broth dilution 
using the appropriate media (cation-adjusted Mueller - 
Hinton broth with 2-5% lysed horse blood). 

Pneumococci have penicillin MIC's at all concentra 
tions from 0.008-8µg/ml and do not have any clearly 
defined populations at any specific MIC57_ Susceptibility of 
S. pneumoniae to penicillin G is defined as an MIC s 0.06 
µg/ml, intermediate (relative resistance) as an MIC of 0.1 ·  
1 .0  µg/ml and high level resistance as an MIC z 1.0 
�,g/mi58. 

MIC breakpoints recommended for pneumococci by 
the NCCLs59 are applicable to erythromycin, tetracycline 

and cotrimoxazole (see table I) as strains are generally 
either susceptible or resistant. Strains with intermediate 
MIC's are rare. and should be considered resistant. 
56,59,60,61,Ci?..'- The breakpoint for chloramphenicol is 
4µg/ml and correlates well with the absence or presence of 
chloramphenicol acetyltransferase63. 

Breakpoints tor oral cephalosporins were also 
proposed by the NCCLS in December 199356 but were 
found to be loo high and were not substantiated by clinical 

· studies on penicillin-intermediate or resistant strains. 
These breakpoints were removed from the 1994 supple 
ment59 except for that of cefuroxime axelil tar· which 
clinical data was available64. Penicillin susceptible strains 
are susceptible to oral cephalosporins and these agents 
therefore do not need to be tested against these strains. Of 

currently available betalactams, cefotaxime, ceftriaxone 
and imipenem are the most active in-vitro against 
PRP65,66,67. The MIC range for third generation parenter 
al cephalosporins is < O.Sµg/ml for susceptible Strains. 
1 µg/ml for intermediate and :?.2µg/ml for resistant strain$so. 
Hlghlevel Penicillin Resistance and Multiple Drug 
Resistance 

Pneumococcal resistance may occur alone or in 
combination with resistance to other antimicrobial agents. 
Resistance to antibiotics of at least three different groups 
has been defined as multiple resistance.31,32 High level 
penicillin resistance i. e., MIC z 2.0 pg/ml and multiple 
resistant strains are recognised only among a few pneu 
mococcal serogroups. High level resistance and multiple 
resistance have been associated mainly with serotypes 
6A, 68, 19A,44,45,46,47 19F, 1448.49 and 2350.51.52. Other 
serotypes that have been identified include serotypes 1 .  3. 

5, 15, 31 and 3532. 

lntermediat.e Resistance to Penicillin. 
The same seroqroups which dominate high level. 

multiply-peni.cillin resistance are also the commonest 
serogroups associated with intermediate resistance i. e .. · 
M I C ::!:.  0.1 pg/ml. But the spectrum has expanded such that 

virtually all commonly isolated serogroups have now been 
found to manifest intermediate resist�nce32. These 
serogroups include 1 ,  2, 3. 4, 6(A+B). 7(F), 8,9(N), 10F, 
1 1 (F and A), 13, 14, 15, (F, B, C), 16 , 17(F), 18 (F, C), 
19(F, A), 21,  22(F), 23(F, A), 24(F), 33, 34 and 35(F)32 

It is necessary to emphasize that despite the diversi 
ty of reported serogroups, only a few serogroups dominate 
the whole spectrum and these differ between geographic 
locations, e. g., In the USA the most common serotypes 
affected in this spectru m appear to be 19A and 1432 while 
in South Africa most resistant strains belong to serogroups 
6, 19, or 1453. 

Resistance to other Antif!11croblal Agents. 
Resistance to erythromycin and chloramphenicol 

appear to be restricted to the same seroqroups involved 
with multiple resistance to high level penici!Hn resistance32. 
There is limited information on the spectrum of Co-trimox 
azole and rifampicin but it will appear that resistance is 
spread widely amongst serogroups53, 54_ Tetracycline 
resistance has been recog'nised in more than 20 
serogroups55_ 
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elucidated. To date, no specific details on rifampin resis 
tance have been reported though it is believed to be based 
on an altered DNA-<lependent ANA polymerase 73, 32. 

A disk diffusion test with a penicillin disk is likely to 
give misleading' result as it may show a wide zone of 
inhibition even in resistant strains. Initial screening [or PAP 
is best pertormed by disk diffusion using a 1 µg oxacillin 
disc or 5µg methicillin disc with cut-off zones of 20mm or 
2smm respectively60. The MIC's of strains with zones 
smaller than these should be tested 1or penicillin or if 
clinically indicated, cetotaxime and cettriaxone using a 
standard method60 and for selected agents by disc 
diffusion60)6,77. This will determine the degree of 
penicillin resistance and the presence or absence of high· 
level resistance57. 

Inhibitory Minimum the of Determination 
Concentration 

The agar dilution method is regarded as the reference 
method for determining the Minimum Inhibitory 
Concentration (MIC) for pneumococci60. This is carried out 
in· Mueller - Hinton agar supplemented with 50°/o whole 
deflbrinated sheep or horse blood or 5°/o lysed and cen 
trifuged horse blood for sulphonamides 57, 60, 78. The 
inoculum size is 104 colony forming units (cfu) per spot and 
plates are i�cubated in air or addeo C02 (5 -10%) 
overnight77 though other methods have been described56. 

In recent times, a new method for MIC testing was 

Laboratory Diagnosis of Antibiotic Pneumococci 

Most pneumocccci are readily identified but some 
strains with atypical features such as: formation of round 
ed colonies (rather than flat or concentrically ringed). 
optochin resistance or the absence of capsules may be 
misidentified as vi rid ans streptococci/", rhese atypical 
strains are more likely to be encountered from sites with 
normal flora or among penicillin-resistant strains6D. Strains 
with zones of inhibition of z 13mm can be presumptively 
identified as pneumococci32,74. Incubation in air with 
added C02 causes a decrease in zone size around 
optochin · disks which is reversed when pneumococci but 
not viridans streptococci are incubated in air75. 

Choice of Agents for Susceptibility Testing 
This usually depends on the nature and severity of 

the pneumococcal infection, the clinical practices of the 
physicians, the requirement for oral parental agents, cost 
and availability of antimicrobials, ·use of empiric regimens 
and knowledge of susceptibility to related agents6D. Agents 
sug·gested for initial testing include penicillin G, chlorarn 
phenicol, erythromycin, tetracycline and co-trimoxazole. In 
addition, if there is penicillin resistance a third generation 
cephalosporin (such as cefotaxime, ceftriaxone) or 
imipenem and vancomycin may also be tested. Oral 
cephalosporins except cefuroxime axetil should not be 
tested till clinically relevant breakpoints 1or these agents 
are developed57. 

Susceptibilit_y Testing Methods. 

Risk Factors for Carriage of Penicillin Resistant 
Pneumococci 

Risk factors for carriage and infection by PAP include 
age (mostly in c.hildren l·ass than 5 years)32, hospitalisa 
tion32,58, prior exposure to antibiotics32,86, 49 and patients 
with immunodeficiency and other underlying diseases 
especialty measles, malnutrition, yastroenteritis and tuber 
cu\osis30. There is no doubt that the acquisition of pneu 
mococcal disease is increased in _the presence of immune 
deliciency or underlying disease states. Diabetes mellitus, 
chronic infections of the cardiovascular system or respira 
tory tract, chronic renal failure, Nephrotic syndrome, organ 
transplants, some malignancies (Hodgkin's lymphomas, 
multiple myelcma), HIV infection and certain neurological 
conditions have all been associated with an increased risk 
of pneumococcal inlection97. The association between 
underlying disease and penicillin-resistant pneumococcal 
infection is-not proven because most of these children are 
also hospitalized for prolonged periods and the contribu 
tion of prolonged hospitalization to the acquisition of PAP 
in patients wit� chronic disease cannot be ruled out32. 

Mechanisms of Penicillin Resistant 
As with many bacterial strains, the rapid appearance 

of multiple antibiotic resistance in pneumococci is due to 
the ability of resistance genes to be horizontally trans 
ferred. To date, beta-lactamase producing pneumococci 
have not been reported. Resistance to beta-lactams is 
entirely due to the development of high molecular weight 
penicillin binding proteins (high Mr PBP's) that have 
reduced affinity for beta-tactam antibiotics9,10. This resis 
tance appears to have been brought about by genetic 
transformation and is chromosomal\y mediated. 

This penicillin resistance is mediated by changes in 
the affinity or rate of acylation of enzymes known as PBP's. 
These enzymes (proteins) are believed to catalyze the 
terminal stages of murein 'synthesis67 and are inhibited by 
covalent bonding with penicillin at their site. Six PBP's are 
found in susceptible strains with only rare. exceptions to 
this pattern (PBP 1 a, 1 b, 2x, 2a, 2b and 3)68, 69. All are· 
high Mr-PBP except 3 and this is not thought to be involved 
with the killing action of beta-tactam antibiotics7D. In fact 
PBP 2b inhibition results in cell Iysis which is thought to be 
the lethal target in pneumococci'[". Highly resistant peni 
cillin-resistant strains appear to possess low affinity forms 
of PBP 1a, 2a, 2x, 2b and perhaps 1b7t.72. 

Multiple resistance to other agents can be transferred 
by conjugation in the pneurnccoccf='. A transposon TN 
1545 has been identified in resistant strains and confers 
resistance to chloramphenicol, erythromycin, tetracycline 
and kanamycin63. Tetracycline resistance is due to 
production of a protein that binds to the ribosome and 
blocks protein synthesis while chloramphenicol resistance 
is due to the production of an inducible chloramphenicol 
acetyltransferase63. Altered ribosomal affinity has also 
been found to be responsible for streptomycin and ery 
thromycln resistance in many penicillin resistant strains63. 
Resistance to trimethoprim on the other hand is believed to 
be mediated by an altered dihyrofolate reductase enzyme 
with decreased affinity for trimethoprim 7�. 32 but the details 
of this resistance in the pneumococcus has not yet been 
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introduced into the market - the E-test (AB Biodisk, Solna, 
Sweden). This method consists of a calibrated antibiotic 
impregnated plastic. strip which is applied to the surface of 
an lnoculum-coated agar plate. An antibiotic gradient is 
produced which results in an ellipse of inhibition. The point 
at which the ellipse meets the strip is the MIC. Evaluation 
of the E·test has shown excellent correlation with agar 
dilution and microdilution methods for penicillin G, 
cefotaxime, ceftriaxone, amoxililhn, chloramphenicol, 
erythromycin and tetracycline, though the MIC for peniclllin 

. G tends to be slightly lower resulting in some resistant 
strains being catergorised as intermediate 57, 61, 79, BO. 

Disc diffusion has been well standardised for the test 
ing of pneurnococci against selected agentsSB, 77, 61, 100 
and the distinction between susceptible and resistant 
strains has been well delineated by the · NCCL's 5th 
information supplement published in December 199459 
(Table 2). It should be noted that strains with MIC's of 
0.06µg/ml usually have oxacillin zones of 7-19mm and 
therefore cluster with resistant strains60_ For co-trimoxa 
zole, susceptibility breakpoints of < 0.5 / 9.Sµg/ml for MIC 
and > 15mm for disc diffusion and agar dilution methods 
worked well on Mueller-Hinton agar with 5% whole sheep 
blood or 5% lysed horse bloodB2. 

lnterpretatlon and Implications of MIC results for 
Therapy 

The MIC's of Penicillin G and other beta-lactams are 
generally directly related and the MIC's of these agents 
increase in parallel with those of penicillin G57, 83_ 
However susceptible strains may not respond clinically in 
meningitis or to oral therapy of otitis media due to poor 
drug penetration into the meninges and middle ear or 
because of low drug levels following oral administration57_ 
Based on current know'edqe, penicillin resistant clnd inter· 
mediate resistant strains should be considered resistant to 
Penicillin G in meningitis and to all oral beta-lactams for the 
treatment of all infections. 

Pneumococci are regarded as susceptible to 
parenteral third generation cephalosporins (cefotaxime 
and ceftriaxone) if MIC's are ,; O.Sµg/ml, of intermediate 
resistance if MIC's are 1µg/ml and resistant if 2µg/ml. 
Non-rneninqeat, systemic infections should therefore be 
responsive to therapy with these parental third generatio� 
cephalosporins if Ml C's are s.1 µg/ml. In meningitis, 
cefotaxime and ceftriaxone continue to be the drugs of 
choice if MIC,; 0.5 µg/ml, but meningitis caused by strains 
with intermediate MIC's may respond inadequately and 
such cases should be treated with maximum dosage of 
these agents and the addition of vancomycin or rifampin 
should be considered. Where high-level third generation 
cephalosporin resistance is prevalent, maximum dosage of 
cefotaxime or ceftriaxone plus vancomycin or rifampin is 
suggested for empiric therapy of meAingitis57. 

The interpretation of the MIC's of vancomycin is ·  
unclear due to problems associated with penetration of 
vancomycin into the central nervous system (CNS) and 
lack of clinical data on systemic infection. However, the 
MIC of this agent is in a very narrow range (0.25-1 µg/ml) 
and strains with MIC's in this range can be considered 
susceptible in systemic infection51. The same holds for 
imipenem with breakpoints of ,; 0.12 for susceptibility and 

2: 1 µg/n,1-fo( resistance57 

Treatment 

Treatment of resistant pneutncoccal infection is 
complicated b\' factors such as delay in recognising the 
presence and degree of resistance in strains, variability of 
drug levels at different sites particularly in the CSF, natur 
al history of the disease at different sites and in different 
age groups, stage of infection at which initial or appropriate 
therapy is initialised and the presence of underlying condi 
tions such as malnutrition, immunodeficiency or matiqnan 

cy32,57,6D. Little prospective data is currently available to 
guide clinical use, and most recommendations are still 
tentative and largely empiric57. Meningitis and overwhelm· 
ing bacterae,nia are the most serious forms of this disease 
a�d least responsive to therapy due to poor penetration of 
the CSF or massive bacterial load in bacteraemia57. 

Clinically, patients with meningitis due to PAP (MIC > 

1 µg/ml have shown clinical failure of penicillin G therapy 
84.es, but some with intermediately resistant strains have 
responded to high dose penicillin. therapy (500,000 
units/kg/day)64,65_ Chloramphenicol .100mg/kg/day has 
recently been reported to show clinical failure in cases 
caused by penicillin-resistant but chloramphenicol-sus 
ceptible strains67 it has been postulated that these failures 
may be due to the loss of autol'ysis seen in PAP causing 
chloramphenicol to be bacteriostatic rather than bacterici 
dal63,67 ,68. In some cases in adult�. vancomycin 
(3C-45mg/kg/day) has yielded disappointing results which 
has been associated in some cases to variable levels of 
the drug in the CSF65_ Cefotaxime at 250-350 mg/kg/day 
in adults has shown fairly good results in patients with 
meningitis caused by strains that are highly penicitlin-rests 
tant even with MIC's as high as 4µg/ml (7 cures, 1 relapse 
and 1 death)65. 

Assessment of the results of therapy for meningilfs 
caused by resistant pneumococcal strains in adults is 
complicated by the variety of this diseas� in this ,population 
and the high mortality even with susceptible pneumococcal 
strainsS,57_ In 1987, a consensus report on therapy of 
pneumococcal meningitis in infants and children recom 
mended cefotaxime, ceftriaxone or vancomycin for strains 
relatively resistant to penicillin but did not address the 
issue of highly resistant strains69_ The use of imipenem 
400mg/kg/day has been reported in one paediatric case of 
meningitis caused by an intermediate resistant strain, 
where the agent was successful in treating the second 
relapse of the infection70 but this agent has been reported 
to cause seizures in some patients71, although it is not 
clear that the incidence of seizures is higher than with other 
beta-l,actams72. Metropenem, a similar drug, has been 
shown to be effective in the treatment of meningitis caused 
by resistant strains without causing CNS side-effects 73. 

In bacteraemia caused by intermediate-resistant 
pneumococci, treatment with high doses of intravenous 
penicillin G (150,000-250,000 units/kg/day) is recommend 
ed in adults75. Optimal therapy both for acute otitis media 
and prevention of recurrent otitis media remain controver 

. sial 78,79 but is has been shown in one study that recurrent 
otitis mediawas associated with penicillin resistant strains 

;, 

' ,, ! 

. 

' l 

! 

I 

. j 
-: -� . 

123 



Nig. Qt. J. Hosp. Med. Vol 7 (2) April - Juno '97. 

and also associated with prophylactic antibiotic usaqe 76. 
Recently, amoxicillin has been suggested as a potentially 
useful drug for penicillin intermediate and even resistant 
strainsB6 and clinical evaluation i� still in progress. The use 
of cefuroxime-axetil has been studied in PAP but is still 
uncertain 14. No specific recommendations have been 
made for the treatment of otitis media due to PAP and 
treatment of individual cases are best based on in-vitro 

susceptibilities of the infecting strain57. 

Pr��e_!ltion of Pneumococc·al Infection 

High risk patients i. e .. patients at risk of overwhelm 
ing pneumococcal sepsis e. g., splenectomised patients, 
those with sickle cell anaemia, immunog\obulin deficien 
cies or haematological malignancies, benefit from prophy  
laxis with penicillin V or erythromycin60, though break 
through bacteraemia with a penicillin-resistant strain of S. 

pneumoniae has been reported91. 
Use of multivalent polysaccharide vaccines in select 

ed groups such as the elderly has also been recommend 
ed92-94. Use of the 14-valent pneumococcal vaccine is lim 
ited because of itslack of efficacy in children less than 2 
years and efficacy is only 64% of those > 2 years92. The 
currently used 23-valent pneumococcal vaccine has a 
wider efficacy of >85°/094 but also does not protect children 
<2yrs. The immunogenicity of protein-coupled pneumococ 
cal capsular vaccines have been studiect95_ and have 
shown potential for their use in children <�yrs old so further 
work is in progress60. 

Treatment of Carrier States and Other Control 

Measures 

Surveillance for resistant pneumococci should be 
instituted in all centres with increased attention paid to lim 
iting unnecessary use of antibiotics. In hospital outbreaks, 
affected patients may have to be isolated to limit spread in 
communities where resistant strains are not widespread in 
the hospital or community. Eradication of the carrier state 
may also be an option to reduce the levels in the commu 
nity. Most of tho work on eradication of the carrier state 
was carried out in South Africa 58,96 and was based on the 
susceptibility of their local strains96. Success of therapy 
was assessed as three consecutive nasopharyngeal 
swabs negative for PAP in the week following therapy96 
Erythromycin and Aitampin (45mg/kg/day . and 
20mglkg/day) was 96% successful while Vancomycin 
45mglkglday for 5 days was 74% successtu196. In er.dem 
ic areas there is at present no rationale for treatment of 
carriers and its value in outbreak situations remains 

. unproven32. . 

CONCLUSION 

With the poor economy in this country, the isolation 
and identification of PAP remains a problem. In the past 
few years only a few strains of S. pneumonias have been 
isolated in the Lagos University Teaching Hospital and 
they were not tested for penicillin resistance. Only' one 
report exists in the literature from Nigeria on PAP. In this 
study in 1978, which was quite limited, a 20% prevalence 
rate was recorded36. This has great implications for ther 
apy and suggests that tor Nigeria, . penicillin should no 
longer be used as empiric treatment for serious pneurno- 

caecal infections. 
Lack of awareness among clinuans and laboratory 

workers about the occurrence qt PRP and the habit of 
starting therapy before sending samples to the microbiolo 
gy laboratory, have contributed to the lack of data on this 
subject. This has been compounded by the economic 
downturn leading to low patient turnout, inadequate fund 
ing of hospital laboratories and low morale of laboratory 
workers. 

Abuse and misuse of antibiotics are risk factors for 
the carriage of PAP and this is a common problem in the 
country104,105. This, with the increasing incidence of HIV 
in the country and the attendant pool of immunosup 
pressed patients in whom the risk of acquiring life-threat 
ening PAP infection has been shown to be 1000/o - 300°1� 

higher than the normal population98,99. increase the 
probability for the presence of PAP in Nigeria. Considering 
all these facts it is the opinion of this author that in this 
environment life-threatening infections due to the pneurno 
cocci (meningitis and bacteraemia), should be treated 
empirically with cefotaxime or ceftriaxone pending the 
results of properly performed susceptibilily tests. This 
recommendation is based on data obtained from the trends 
observed in other African countries (which show rates of up 
to 30%) and elsewhere35,101.102. · · 

There is a need to improve the isolation and identifi 
cation of penicillin-resistant Streptococcus pneumon,ae rn 
our environment by using antibiotics more judiciously not 
only in public hospitals (at all levels) but more importantly 
in private health institutions where a large percentage of 
the population are treated. This will require viable antibiot 
ic guidehnes which take into consideration the antibiotic 
susceptibility patterns of local bacterial strains. These 
guidellnes will be reviewed regularly based on the chang 
ing antibiotic susceptibility patterns. Thet- use will reduce, 
if properly implemented, the cost of antibiotic treatment by 
reducing the incidence of "tailed therapy" and also reduces 
on the long run the incidence of antibiotic resistant organ 
isms. 

Table I 

NCCLS recommended MIC breakpoints for 
susceptibility testing of Streptococcus pneumoniae 

Breaknoints 

Agent Susceptible Intermediate Resistant 

Penicillin G ,;0.06 0 .1-1  ;,:2 
Cefotaxime so.s 1 ;,:2 
Cettriaxone s0.5 1 ;,:2 
Celuroxime Axetil s0.5 1 a,_2 
lmipenem .s0.12 025-0.5 a,_ 1 
fZithromycin s0.5 1 ;,:2 
Clarithromycin s0.5 1 a,.2 
Clindamycin s.0.25 0.5 - 

Erythromycin s.0.5 1-2 ;,:2 
Chloramphenicol ,;4 

- 
a,_8 

Ofloxacln ,.2 . 4  a,_8 
T etracyctine ,;2 4 a,_8 
Cotrirnoxazole s.0.5 1 ;,:4 

Rifampicin ,;1 2 �.4: 
Vancomycin ,s1 - - 

(From NCCLCS 5th informational supplement, table 2c of stan 
dard M7-A3). 
• These standards are only relevant if tests are carried out on 
cation-adjusted Mueller-Hinton broth with 2 - 5°/o blood. 
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Table II 

NCCLS recommended disk difusion zone diameter breakpoints for susceptibility testing of Streptococcus pneumonias 

Disk 
Agent content Z2ne Qiam�l!llil!D.Il!l 6:[ea�gQint� (i1g1m1 

(r,gl Resistant Intermediate Susceptible Susceptible Resistant 

Penicillin 1 - - .2:...20 <0.06 ;,_ 2  
(oxaclllin) I 

Azithromycin 15 :s13 .s. 1 4 - 1 7  .  z  18 5o.s ·  ;,_ 2  
Clarithromycin 1 15 .s.16 .s.:17 - 20 � 21 s 0.05 ;,_ 2  
Clindamycin 1 2 s.15 :s.16 - 18 � 19 s 0.25 " 1 
Erythromycin 1 15 :s,15 :s. 1 6 - 2 0  �  21 s, 0.5 z 4 

Ctuoramoberncot+ 30 .s.20 - �21  ,; 4 " 8  
Olloxacin 5 .s.12 :s. 1 3 - 1 5  � 1 6  ,;  2  " 8  
Telracyc1ine2 30 .s.17 .s.18 - 21 ;,_ 22 s 2  z  8  

Cotrimoxazole2 1.25/23.75 .:$.15 :s16 - 18 z 19 s 0.5 " 4  
Rifampin 5 .s.16 :s 1 7 - 1 8  2:  19 " 1  " 4  
vancomycrnd 30 - - 2: 17 s 1 - 

(From NCCLS 5th mtormational supplement table 2 c of standard M2-A5. 

• Oxacillin represents all beta-lactams. 
1 All strains with high level erythromycin resistance are resistant to all macrolides, lincosamides and azalides, Intermediate 

strains are rare. 
2 Intermediate strains are rare, best considered resistant with oral therapy. 
3 All strains that yield results not within thesusceptible category should be submitted to a reference laboratory for further testing. 
4 All penicillin resistant strains should not be used for treating meningitis even if the strains appaer chloramphenicol-susceplible 

REFERENCES 

1 .  White B. The biology of the pneumococcus: new 
York: The Commonwealth fund. Oxford University 
Press 1938. 

2. Austrian R. Pneumococcus: The first one hundred 
years. Heve Infect Dis 18981:  3: 183. 

3. Mufson MA. Streptococcus Pneumoniae: in 
Principles and Practice of Infectious Diseases, ed. 
Mandel GL, Douglas RG and Bennet JE. 3rd ed. 
Churchil Linvingstone, 1990, pg. 1539-1550. 

4. Macleod CH, Hodges RG, Heidelberger M, et al. 

Prevention of pneumococcal pneumonia by immu 
nization with specific capsular polysaccharides. 

5. Powell JP, Atwater RM, Felton LO. American Journal 
of Public Health 1938; 28: 570 - 592. 

6. Webster LT, Hughes TB. J. Exp Med 1931;  53: 535 
-552. 

7. Zinsser H, Bayne-Jones SA. A text book of bacteri 
ology. 8th edition. 1939 New York: The Appleton 
century. 

8. Tilghman RC, Finland M. Clinical Significance of 
bacteraemia in pneumococcoal pneumonia. Arch 
Intern Med. 1937; 59: 602 - 619. 

9. Duchin JS, Breiman RF. The evolving science of 
pneumococcal disease: Emerging challenges for 
control, in: Pneumococcus (with particular reference 
to penicillin-resistant Streptococcus pneumoniae). 
part 1 (ed). Keith Klugman 1994; pg 1 1  -  21.  

10. Austrian R, and Gold J. Pneumococcal bacteraemia 
with special reference to bacteraemic pneumococcal 
pneumonia. Ann Intern Med. 1964; 60:759 - 776. 

1 1 .  Mufson MA, Kruss OM, Wasil RE, Metzgen WI. 
Capsular types and outcome's of bacteraemic pneu 
mococcal disease in the antibiotic era. Arch Intern 

Med.1974; 134: 505-510 .  
12. Finland M. Increased resistance in the pneurnococ 

cus N EngJ Med.197 1 ;284:  2 1 2 - 2 1 3 .  
13. Francis RS, May JR, Spicier CC. Influence of daily 

penicillin, tetracucline, erythromycin and sul 

ph_amethoxypyridazine on exacerbations of bronchi· 
tis. BMJ. 1964; 1 :  728 - 732. 

14. Morgenroth J, Kaufman M. (1912) Arzneilcs!Tgkcit 
bei Bakterien (Pneumokokken) Z. lrnmunitactsforsch 
15: 610 - 624 in Klugman KP "Pneumococcal resis 
tance to antibiotics. Clin Micro Rev 1990; 3: 
171-196. 

15. Moore HF and Chesney AM. A study of ethylhy 
drocupreine (optochin) in the treatment of acute 
lobar pneumonia.Arch Intern Med 1917; 19: 6 1 1 .  

16. Ross RW. Acquired tolerance of pneumococcus to M 
+ B 693> 1939; Lancet II 1207 - 1208. 

17. Frisch AW, Price AE and Myers GB. Development of 
sulphadiazine resistance, transmission by cross 
infection and persistence in carriers. Ann Intern Med 
1943; 18: 271 -278. 

18. Eriksen KR. Studies on induced resistance to peni 

cillin in a Pneumococcus type 1 .  Acta Pathol 
Microbial Scand 1945; 22: 398 - 405. 

19. Kislak JW, Razavi LMB, Daly AK, Finland M. 
Susceptibility of pneumococcus to nine antibiotics 
Am J Med Sci. 1965; 250: 261 - 8. 

20. · Appelbaum PC. Antimicrobial resistance in 
Streptococcus pneumoniae: an overview. Clin Infect 
Dis 1992; 15: 77-83. 

21 .  Hansman D, Bullen MM. A resistant pneumococcus 
(letter). Lancet 1967; 2: 264 - 265. 

22. Hansman D, Glasgow H, Stuart J, Develt HL, 
Gouglas R. Increased resistance to penicillin of 
pneumococci isolated from man. N Engl J. Med 1971 

125 



Nig. Qt. J. Hosp. Meci. Vol 7 (2) Apdl - June '97. 

284: 175 - 1 TI .  
23. Hansman 0. Type distribution and antibiotic sensltlv 

ity of pneumococci from kiriwina., Trobriand Islands 
(New Guinea). Med J Aust 1972; 2: 721 - 723. 

24. Hansman D, Devitt L, Miles H, Riley I. Pneumococci 
___ relatively insensitive to penicillin in Australia and 

New Guinea. Med J Aust 1974; 2: 353- 6. 
25. Naraqi, Kirkpatrick GP, Kabins S. Relapsing pneu 

mococcal meningitis: isolation of an organism with 
decreased susceptibility to penicillin G. J Paediatr 
1974; 85: 671 - 673. 

26. Howes VJ, Mitchell AG. Meningitis due to relatively 
pemcilun-reslstant pneumococcus. BMJ. 1976; 1:  
996. 

27. Paradas A, Taber LH, Yow MD, Clark D, Nathan W. 
Prolonged pneumococcal meningitis due to an 
organism with increased resistance topenicillin. 
Paediatrics 1976; 58: 378 - 381. 

28. Mace JW, Janik DS, Sauer RL, Quilligan JJ Jr. 
Penlcilun-resistant pneumococcal meningitis in an 
immunocompromised infant (letter). J Paediatr 1977; 
91: 506 - 507. 

29. Iyer PV, Kahler JH. Jacobs NM. Penicillin-resistant 
pneumococcal meningitis (letter). Paediatr. 1978; 61: 
157-158. 

30. Appelbaum PC, Bhamjoe A. Scragg JN, Hallet AJ, 
Bowen AJ, Cooper AC. Streptococcus pneumon,ae 
resistant to penicillin and chloramphenicol. Lancet 
1977; ii: 995 - 997. 

31.  Jacobs MR, Koornhof HJ, Robins-Browne RM, 
Stevenson ·CM, Vermaak ZA et al, Emergence of 
multiply resistant pneumococci. N Eng J .Med 1978; 
93: 735 - 40. 

32. Klugman KP. Pneumococcal resistance to antibi 
otics. Clin Microbial Rev. 1990; 3: 171 - 196. 

33. Fredriksen B, Henrichsen J. Throat carriage of 
Streptococcus pneumoniae and Streptococcus pyo 
genes among infants in Zambia. ,I Trop pediatr 
1988; 34: 1 1 4  -  1 17 .  

34. Baquero F and Loza E. Geography and genetics of 
penicillin resistance in: Pneumococcus: with 
particular reference to penicillin - resistant 
Streptococcus pneumoniae. part 1 ed. Keith 
Klugman 1994; pg. 27 - 32. 

35. Wamola IA, Mirza NB, Nsnazumuhure H. Penicillin - 
resistant pneumococca\ meningitis in Kenyatta 
National hospital, Nairobi, Kenya. East Afr Med J. 
1981; 58; 12 -  17 .  

36. Hansman 0. Chloramphenicol-resistant pneumococ 
ci in West Africa (letter) Lancet 1978; 1 :  1 1 0 2 - 3 .  

37. Marton A, Gulyas M, Munoz R, Tomaz A. Extremely 
high incidence of antibiotic resistance in clinical iso 
lates of Streptococci pneumoniae in Hungary. J 
Infect Dis. 1991 ; °163 ;  542 - 548 .  

38. Spika JS, Facklam RR, Plikaytis SD, Oxtoby MJ. The 
pneumococcal surveillance workinq group. 
Antimicrobial resistance of Streptococcus pneumoni 

ae in the United States, 1979-  1987. 
39. Klugman KP and Koornhof HJ. Drug resistance pat 

terns and serogroups or serotypes of pneumococcal 
isolates from ,:erebrospinal fluid of blood-1979-1986. 
J. Infect Dis. 1988; 158: 956 - 964. 

40. Bradley JS and Connor SD. Ceftriaxone failure in 
meningitis caused by with reduced susceptibility to 

• 

_L _ --- 

B-lactam antibiotics. Paedratr. Infect Dis J. 1991;  1 1  ·  
871 -873. 

41. Klugman KP and Saunders J. Pneumococci resistant 
to extended spectrum cephalosponns in South 
Africa. Lancet 1993; 341: 1164. 

42. Robbins JB, Austrian R, Lee C-J et al. J Infect Dis. 
1983: 148: 1 1 3 6 - 1 1 5 9 .  

43. Broome CV, Facklam RR. Epidemiology of clinically 
significant isolates of Streptococcus pneurnoruae m 
the United States. Rev Infect Dis 1981 ;  3: 277 - 2 81 .  

44. Jures 8, Ghuysen JM, Dive G, Renard A, Dideberg 
0, Charhe P et al. The active site serine pemcillm 
recognizing enzymes as members of the s1repto 
myces R 61 DD-peptidase family. Biochem J. 250: 
313 -  324. 

45. Oppenheim 8, Koornhof HJ, Austrian R. Annbrotic 
resistant pneumococcal disease in children at 
Baragwanath hospital Johannesburg. Paediatr lnlect 
Dis 1986; 5: 520 - 524. 

46. Simberkoff MS. Lewkaszewsk1 M, Cross A, 
Al-Ibrahim M, Baltch AL, Smith RP , Geiseler PJ, 
Nadler J, and Richmond AS. Armblotlc-resistant 
isolates of Streptococcus pneumoniae from clinical 
specimens: A cluster of serotype 19A Organisms in 
Brooklyn. New York. J Infect Dis. 1986 ;  153: 78 - 82. 

47. Rudetsky MS, Istre GR, Johansen TL, Parmelee 
SW. Lauer BA, Wisenthal AM and Glade MP. 
Multiply resistant pneumococcus causing meningitis: 
Its epidemiology within a day care centre. Lancet 
1981; ii: 771 - 773. 

48. Klugman LP, Koornhof HJ and Kuhnle V. Clinical 
and nasopharyngeal isolates of unusual mulliply 
resistant pneumococci Am. J. Dis. Child. 1986; 140: 
1 186 -  1190 .  

49. Robins-Browne RM, Kharsany ABM and Koornhof 
HJ. Antibiotic-resistant pneumococci in hospttalised 
children. J. Hyg. 1984; 93: 9 - 16 .  

50. Piddock LJV and Wise R. The selection and fre 
quency of streptococci with decreased suscepnbiluy 
to Ofloxacin compared with other Oulnotones. J. 
Antimicrob. Chemother. 1988; 22 (suppl. C): 45 - 51 .  

51 .  Buu-Hci AX and Goldstein FW. A seventeen year 
epidemiological survey of antimicrobial resistance in 
pneumococci in two hospitals J. Antimicrob. 
Chemother. 1988; 22 (suppl 8): 41 - 52. 

52. Gould FK, Magee JG and Ingham HR. A hospital 
outbreak of antibiotic-resistant Streptococcus pneu 

moniae J. Infect. 1987; 15: 7 7 - 7 9 .  
53. Klugman KP and Koomhof HJ Drug resistance 

patterns and serogroups or serolypes of pneurno 
caecal isolates from cerebrospinal fluid or blood, 
1979 -1986 .  J. Infect. Dis. 1988; 158: 956-964.  

54. Perez JL, Linares J, Bosch J, Lopez OE, Goicoechea 
MJ and Martin A. Antibiotic resistance of. 
Streptococcus pneumoniae in childhood centers. J 

Antimicrob. chemother 1987; 1 9:278 - 80.- 
55. Bullen M and Hansman D. Bacteraerma caused by 

tetracycline - resistant pneumococcu type 1 .  Lancet 
1975; 1 :  466 - 467. 

56. National committee for Clinical Laboratory Standards 
(NCCLS). Methods for dilution antimicrobial suscep- · 
tibility tests for bacteria that grow aerobically '. 3rd 
edn., Approved standard NCCLS document M7-A3. 
Villanova Pa: NCCLS; 1993. 

126 



Penicillin - Resistant Pneumococcus 

57. Jacobs MR and Appelbaum PC. Antibiotic - resistant 
pneumococci. Rev. Med Microbiol. 1995; 6: 77 - 93. 

58. Jacobs MA, Koornhof HJ, Robbins-Browne RM et al. 
Emergence of multiply resistant pneumococci. N Eng 
J Med. 1978; 299: 735 - 740. 

59. National committee for Clinical Laboratory Standards 
(NCCLS). Performance standard for antimicrobial 
susceptibility testing 5th Informational supplement 
M100-S5 NCCLS Villanova Pa, 1994. 

60. Jacobs MA. treatment and Diagnosis of Infectious dis 
eases caused by drug resistant Streptococcus pneu 
moniae. clin Infect Dis. 1992; 15: 1 1 9 - 1 2 7 .  

St .  Jacobs MA, Bajaksouzian S, Appelbaum PC, 
Bolmstrom A. Evaluation of the E test for susceptibili 
ty testing of pneumococci. diagn. Microbial Infect. Dis. 
1992; 15: 473-478. 

62. Linares J. Perez JL, Garau J, Martin A. Cotrimoxazole 
resistance in pneumococci; Eur. J. Clin. 
Microbial.Infect. dis. 1983; 2: 473 - 474. 

63. Robins-Browne AM, Gaspar MN, Ward JI, 
Wachsmuth IK, Koornhof HJ, Jacobs MR, Thornberry 
C. Resistance mechanisms of multiply resistant pneu 
rnococci: Antibiotic degradation studies. antirnicrob 
Agents Chemohther. 1979; 15: 470 - 474. 

64. Gilanno P, Lenoir G, Berche P, Boucot I. Efficacy and 
safety of cefuroxime axetil in the treatment of acute 
otitis media in children. 6th International Congress for 
Infectious Disease, Prague, Czech Republic. 1994; 
Abstract. PCS 9, Pg. 13. 

65. Bosley GS, Elliot JA, Oxtoby MJ and Facklam RR 
Susceptibility of relatively penicillin-resistant 
Streptococcus pneumoniae to newer cephalosporin 
antibiotics. Diagn Microbial. Infect. Dis. 1987; 7: 
21-27. 

66. Klugman KP, Koornhof HJ, Wasas A, Storey K and 
Gibertson I. Carriage of Penicillin-resistant pneumo 
cocci. Arch. dis. Child. 1986; 6 1 :  377 - 381 .  

67, Tornasz A. Biochemistry and genetics of penicillin 
resistance in pneumococci. In JJ Ferrtti and A Curtis · 
Ill (eds) Streptococcal genetics. American Society for 
Microbiology Washington DC. 1987; Pg. 87 - 92. 

68'.. Elderbrok H and Hakenbeck R. Penicillin degrading 
activities of peptides from pneumococcal penicillin 
binding proteins Eur. J. Biochem. 1988; 1 7 1 :  219 -  
224. 

69. Markiewicz Z and Tomasz A. Variation in penicillin • 
binding protein patterns of penicillin resistant clinical 
isolates of pneumococci. J. Clin Microbial 1989; 27: 
405 - 410 .  

70. Hakenbeck A, Tarpay M. Tomasz A. Multiple changes 
Of penicillin·binding proteins in penicillin-resistant clin 
ical isolates of Streptococcus pneumoniae Antimicrob. 
Agents chemother. 1980; 17: 364- 71. 

71. Spratt BG. Resistance to B-lactam antibiotics in 
Streptococcus pneumoniee. In: Pneumococcus with 
particular reference to penicillin resistant 
Streptococcus pneumonias (ed) Keith Klugman, 1994; 
p g 8 1 - 8 9 .  

72. Dowson CG, Hutchinson A, Brannigan JA, George 
AC, Hansmar, O. Linares d et al. Horizontal transfer of 

· peniciltin-blndinq protein genes in penicillin-resistant 
clinical isolates of Streptococcus pneumoniae. Proc. 
Natl. Acad. Sci. USA. 1989; 86: 8842 - 46. 

73. Neu HC. Antibiotic inactivating enzymes and bacterial 

resistance. In V. Lorian (ed) Antibiotics in laboratory 
medicine. The William & Wilkins Co. Baltimore. 1986; 
Pg. 784. 

74. Facklam AR, Carey RB. Streptococci and Aerococci. 
In: Lennefte EH. Balous A, Hauslen WJ. Jr., Shadony 
HJ. (eds). Manual of Clinical Microbiology 4th ed. 
Washington DC. American society tor Microbiology 
1985; pg 154 -75. 

75. Ragsdale AR. Standard JP. lntertering effect of incu 
bation in carbon dioxide on the identification of pneu 
mococci by optochm discs. Appl. Microbial 1971_; 22: 
854- 5. 

76. Sweson JM. Hill BC. Thornsberry C. Screening pneu 
mococcus for penicillin resistance. J Clin Microbiol. 
1986; 24: 749 - 752. 

77. National committee for Clinical Laboratory Standards 
(NCCLS). Psrtotrnance Standard for antimicrobial disk 
susceptibility testing 5th edn; Approved standard. 
NCCLS Document M2-A5. Villanova Pa: NCCLS 
1993. 

78. D'Amato RF, Swenson JA, Mckinley GA et al. 
Quantitative antimicrobial susceptibility test for 
Streptococcus pneumoniae using inoculum · supple 
mented with wnote defibrinated sheep blood. J. Clin 
Microbial. 1987; 25: 1753 -1756. 

.  79. Jorgensen JH, Howell AW, Maher LA. Quantitative 
antimicrobial susceptibility testing of H. lnlluenzae and 
Streptococcus pneumoniae by using the E-test. J. 

Clin Microbial 1991 ;  29: 109 - 1 1 4 .  
80. Marcias EA, Mason EO, Ocera HY, La Rocco MT. 

Comparison of E-test with Sytandard microdilution for 
determining antibiotic susceptibility of penicillin-resis 

tant Strains of streptococcus pneumoniae. J. Clin 
Microbial. 1994; 32: 430 - 432. 

81. Jacobs MR. Gaspar MN Robin-Browne RM, Koomhof 
HJ. Antimicrobial susceptibility testing of of pneurno 
cocci: 2. determination of optimal disc diffusion test for 
the detection of penicillin G resistance. J: Antimicrob 
Chemother 1980; 6: 53 - 64. 

82. Jacobs MR, Ababneh H, Bajaksouzian S, Appelbaum 
PC. Methods for testing the activity of trimethoprim 
and sulphamethozaxole against pneumococci. 
Abstract 040, pg. 123 in: Abstract of the 34th 
lnterscience Conference in Anti-microbial agents and 
chemotherapy. Washington DC. American Society for 
Microbiology, 1994. 

83. Jacobs MR and Appelbaum PC. Laboratory diagnosis 
and antimicrobila susceptibility testing. In 
Pneumococcus with particular reference to penicillin · 
resistant Streptococcus pneumoniae. Part I (ed) Keith 
Klugman 1994. Pg. 53 - 73. 

84. Ward J. Antibiotic-resistant Streptococcus pneumoni 
ae: clinical and epidemiological aspects. Infect. Dis. 
1981;  3: 254 - 265. 

85. Weingarten RD, Markiewicz Z, Gilbert ON. Meningitis 
due to Penicihin-resistant Streptococcus pneumoniae 
in adults. R�v. Infect Dis. 1990; 12: 1 18 .  

86. Jackson MA, Shelton S, Nelson JD, McCracken HG jr. 
RelativE!'ly penicillin-resistant peeumococcal infectious 
in paediatric patients. Paediatr. Infect. Dis. J. 1984; 3: 
129 - 132.  

87. Viladrich PF, Gudiel F, Linares J, Rufi G. Ariza J. 
Pallares A. Characteristics and antibiotic therapy of 
adult meningitis due to penicillin resistant pr.e.r.ococci 

127 



Nig. Qt. J. Hosp. Med. Vol 7 (2) April - June '97. 

Am J Med 1988; 84: 639-846. 
88. Freidland R. and Klugman K. Recurrent penicillin 

resistant pneumococcal meningitis after chloram 
phenicol therapy. Paediatr. lnfec Dis J. 1991; 10: 705 
-707. 

es�-- Moreillon P, Markiewicz Z, Nachman S, Tomasz A. 
Two Bactericidal targets for penicillin in pneumococ 
ci: Autolysis-dependent and autolysis independent 
killing mechanisms. · antimicrob. Agent chemother 
1990; 34: 33 - 39. 

90. Sloas M, Barrett F, Chesney J et al. (1992) 
Cephalosporin treatment failure in penicillin and 
cephalosporin resistant Streptococcus pneumoniae 
meningitis. Pediatr Infect Dis. 1 1 :  662 - 666. 

91 .  Cates KL, Gerrad JM, Giebink GS et al. A penicillin 
resistant pneumococcers. J. Paediat. 1978; 93: 624 - 
626. 

92. Bolan G, Broome CV. Facklam RR. Plikaytis BD, 
Fraser OW, Schlech WF 111.  Pneumococcal vaccine 
efcacy in selected populations in the United States. 
Ann. Intern Med 1986; 104: 1 - 6. 

93. Filice GA. Pneumococcal vaccines and public health 
policy: consequences of missed opportunities {edito 
rial). Arch. Intern. Med. 1990; 150: 1373 -1375. 

94. CDC Immunisation Practices Advisory Committee. 
Hecommendanons of the Immunisation practices 
advisory committee - pneumococcal polysaccharide 
vaccine. JAMA 1989: 261 - 1267. 

95. Anderson P, Betts R. Human adult immunogenicity of 
protein-coupled pneumococcal capsular antigens of 
serotypes prevalent in otitis media. Paediatr. Infect. 

· Dis. J. 1989; 8 (suppl 1): s50 - 53. 
96. Koornhof HJ, Jacobs MR, Ward JI; Appelbaum PC 

and Hallet FA (1979) Therapy & Control of antibiotic- 

resistant pneurnococcal disease P. 286 - 289. In D. 
Schlessinger (ed.) Microbiology - 1979. American 
Society for Microbiology Washington D. C. 

97. Centres for Disease Control. MMWR 1991; 40: 42 - 
44. 

98. Redd SC, Ruthertord GW Ill, Sande MA et al. J lnlect 
Dis. 1990; 162: 1012 - 1017. 

99. Schuchat A, Broome CV, Hightower A, Costa S, 
Parker W. Use of surveillance for invasive pneurno 
coccal disease to estimate the size of the 
immunosoppressed HIV - infected population. JAMA. 
1991; 265: 3275 - 3279. 

100. Jacobs MR, M1thal Y, Robbins-Browne RM, Gaspar 
MN, Koornhof HJ. Antimicrobial susceptibility testing 
of pneumococci: Determination of Kerby-Bauer 
breakpoints for penicillin G, erytnrornycm, clindam 
icin, tetracycline, chloramphenicol and ritarnpicin. 
Antimicrob Agent Chemother. 1979; 16: 140 - 197. 

1 0 1 .  Quadri HSM and Kroschinsky R. Prevalence of pneu 
mococci with increased resistance to penicillin in 
Saudi Arabia. Annals of Trop Med Parasit 1991 ;  85: 
259 -262. 

102." Rotimi VO, Feteih J, Barbor PRH Prevalence of 
Penicillin-resistant Streptococcus pneumoniae in a 
Saudi Arabian hospital (Letter). Eur J. Clin M,crobiol 
Infect-Dis 1995; 14: 149 - 1 5 1 .  

103. Ahronheim GA, Reich B and Marks Ml Penicillin 
insensitive pneumococci. Am J. Dis. Child. 1979; 
133: 1 8 7 - 1 9 1 .  

104. Odugbemi T. The use and abuse of antibiotics. Ng. 
Med Pract. 1981 ;  i: 4 -8 .  

105. Oyewole AIM, Akinwolere OAO, and Akinkugbe FM. 
Use and misuse of drugs in Nigerian infants. Nig Med 
J. 1987; 17: 21 -29 . 

• 

128 


