upper tespiratory teaes of 30% - 60% of presebool ehil-irew and mearly 20% of adults, in the form of
nasopharyngeal carriers®, Its spread is enbanced hy upper sespirutory traet infection angd crowding.
Pneumococeal preumonia develops when Toeal or general immune defenses of the host are impatred.
Muost cases are cﬁdugcnmis following aspiration of oral seeretions cuntuiﬁing normal flora that
includes 8 preunonige, Person-to~person transmission duting epidemics oceurs by droplet aerosols.
| The major virolence factor nf,\‘)memnmﬁcm ia its nntiﬁhagucytic palysaccharide cupsule, and strains

with n thict mucoid capsule such as type 3 are especially virulent®,

To prowect ageinst infection by pneumococei, capsular polysaecharide type vacelnes ae now

available, while conjuate polysacchoride vaceines are being developed for use in infhnts and young

children’,

The World Health Organization (Wil0) recommends in addition {o penieilin the use of

eoltimoxrazole (timethoprim/ sulthimethoxazole) for the treaiment of preumonia in developing
countties. mainly tecaure of cost considerations and its speetriun of activity, but also because this
combination is uvailable in oral form. Unfortunntely cotrimoxazole resistance in pneumocoect hu

become very comman in many countries, including South Aftica’.

8 preumontae colonises the upper respivatory tract, In developing cowntries and elsewhere 30-60%
of chikiren wre nnsopharyngeal carriers at any ome time®.  Colonization is more common in
childhoad, in the elderly, ond in those Evipg in elosed communities such as hospitals, nursing

houses, duy-care centres and other restricted communities®,

8 prevmronive attaches ftsell’ to nunan pharyngeal cells tirough the specific intemetion of bacterinl

surfpce wdbesivg and epitielial eell receplors, Lpithelial eell glyeoconjugates containing the

disacehoride plucose-Nacetyld {-d-galactose {Gle NAe Bl « 40al) are thought fo serve as the
m o

inding site of the bactetium™, 'Tlie nature of die bacterfat adbesin Iy vet to be charaeterized hut cell

wall compuonents adbore fo humun endothieliuf cofls”.

|
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CHAPTER 1 INTRODUCTION
1.1 World problem of puemmocoeenl discase and antibiotic resﬁtam:e

i’ucumococci' wete first deseribed to be _fuliy resistant to penicillin and reststant to multiple
antiblotics in South Africa in Durban in 1977' and Johannesbuarg in 1978%, These resistant ui‘ganisms
have been shown to creaie major problems in the treatment of pneumucnc.cal meningitis', Studies
pver the lust 15 years have shown that these straing ate now-also prevalent in many countrivs in
- Afica, Aaia.'liumpe aud Ameries’, In preumococeal pnenmonia, penjeitlin or S-lastam resistance
is not of great significance us antimicrobial [evels obtoined in blood and [ung tissues considerably
exceed the ininimn! inhibitory concentrations (MIC's) of these agents, However, in the treatment of
pneﬁmocuccnl meningitis penicillin resistance is very important where both intermediate resistance
with penicillin MICs ranging tetween 0.1 - 1.0 tg/in] and Lol resistance with MICs of > Tug/m! are
very likely to affect the outcome of preumococeal meningitis if treated with penicillin, umpicillin
or amoxyeillin®. At the same time sieains with high-leve! penicillin resistance: may- exhibit
intermediate or high-level resistance tos the third generation eephalosporins, cefirdaxone and
cefotaxime®. As these cephalogporing are commonly used in the erpiric treatment of meningits, the
prevalence ot"high—level penieillin resistance may also compromise the vsciilness of these agents
and teeatment with vaoeomyein, ideally in combination with coftriaxone or cefotaxime may have fo

he resorted to®

Very [ew data are available on antimicrobial resistance jn the pnewtvococeus from Alrica, with the
exception of South Afticn, Warldwide, apptoximately 1 million childeen under five years ol age
div from preventable diseases, The mofority of these (96%) ocewr in developing countries,
_ Accnrding 1 the World IHealtk Organisation (WII0), 4 million (30%) of these are due to agnite
respiratory tract infeetiony’.

Oropharyngeal carsinge of preumos seei iy common and contributes o the dificulty in interpreting
the siguificance of pnevmococe] in cultures of expeetorated sputem. S preumonice is prosent in the

1
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evidence of prerimonia, indicating that a positive pneumococenl culture from the nasopharynx in this

study group had n 92% peedictive of ediclogically confiumed pueumonia,  Of the 128
nasopharyngeal carriers, 33,6% yiclkded strnins that were fully suseeptible to all antibioties tested.
lewving 85 (66.4%) Isolates That were resistant to at least one untibiotic. Sixty~seven strains (52%6)

were Tesistant to penieiitin while 28%, 18% and 9.4% of isolates wete resistant to cotiimoxozole,

tetraeyeline and chioramphenicol, respectively, Approximately % of strains were mono-resistant,
i e, resistant to only one of the tested antibiotics, while the same propurtion of isolates were resistant
to mote than 1 of the antibioties tested, Antibiotic-resistant pnetmocoeei were significantly more

common in children under 3 years of age as well as in children from lower socio-economie

surroundings as evidenced by domicile in straw huts as opposed to cement howies. The most

prevalent setotype was 19K (47%). Jollowed by serotype 14 (13%) and then by serotype 23F (7%4).

The largrest numbers of children with pnetimonia came from Polana Canieo, an aren of very low

soeio-geonomic status, and Matala suburbs, Of the 51 children fram the former suburb, 36 (71%)
were carriers and of these 31 (86%) were resistant to one or mrore antibiotics, The vast majority of

these resistont strains belonged to serotype 19F,

There was an excellent correlation with regard to the serotype and antibiotic resistance patterns off
pasopharyngeal pneumococent culiures comspered with blood eulture isolutes from the same pationts.
Seventeen of the 22 aveifable blowod cillttu‘e isvlates (72%) were resistant to penieillin, Of these 13
belonged to seratype 19F including § strains that were, in addition, resistant to cotvimomrazole. Many
of the children examined 6 weeks after dischorge from hospitad have lost theie nasopharyngenl

pneumocoeei and 67% af those that remained were resistant to antiblaties,

The high rate of penicilfin resistnce in Maputo children suggests that penicillin and

_ chloramphenicol treatnent of meningitis cavsed by S prewmoniae would be ingppropriate but that

penicillin should still be highly efTicient for the freatment of pretmocaceal preumonia, because of

high levels of pemicillin achieved in the lungs of patients, The relotively high rate (28%) of .

cotrimoxnzole resistanee ig o matter of coneern us this antimicrobind combination iy recominended

for the teeatment of preumonia in developing countries.
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ABSTRACT |

Thr. tearch report represents o study to determine the prevalence of antibjotic-resistance of
preuncoc.t wnd their serotypes in Maputo, Mozambique in children under § years of age, who
were admitted with pneumonia in the Poediatie Unit at the Hospital Central de Maputo, The

children included in the study were fiom suburbs surrounding central Maputo.

Preumonia remains a common and important problem worldwide; acute respiratory infections (ARI)
are extremely common, particularly in children. ARI vonstitute the only growp of infectious discases
" ranking as couses of death among the top 3 in develaping countries, as well a5 the top 10 in First

World countries,

- For the study, medical aud nursing stafl were trained in the appropriate collection ufspeciméns. A
techitalogist spent 2 weeks at The South African Ingtitute for Medienl Research (SAIMR) to acquire
experience in modern Jaboratory methodologies relating to the proposed study, There was constant

cormmunication between the Maputo and SAIMR. laboratories,

* Objectives of the study included an agsessiment of the nasophatyngeal cartinge tate of Sireplocovens
prietmoniae In childeen under § years of age hospitalized for pneumonia ot the Hospitai Central de
Maputo, Secondly the study was geared to determine the antimicrobiol resistance patterns of
poeumococeal isolaies by the dise diffusion and minimum inhibitory concentration (MIC) methods
nined finally to establish the scrotypés of alf the strins isolated in the study, Blood cultueey were also
performed on all the children admitted to the study and the seratypes and anttbiotic resistance
patterns of these isolates were compared witli those from the nasopharynx of the same children.
Nasophacyngen] carriers were, where possible, followed up 6 weeks after discharge from hospital

- 10 vssesy possible effects of hospitalization and antibiotie testment on nasopharyngeal pnenmaoccect.

Four hundred children under five years of age who presented with pneumonia and other entry

eriterin were ineluded in the study.

Streptococeus pretmionide was isolated om the nasopharynx of 128 (329%) of the children. An X-
~ ray examination was perforriad on 122 of the 128 nasopharyngeat culture positive children, One-

Imndred-and-twelve of the 122 culture-positive clildren who were X~rayed showed radiological
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'HOSPITAL CENTRAL DE MAPUTO

A DEMOGRAPHIC DATA

PATIENT NAME,__. - PATIENTNO ORDERNO_____

AGE___ SEX_.. HEIGHT_ . WEIGHT_. _ YRR, ... REGION,

NO, OF CHILDREN IN FAMILY UNDER § YEARSOF AGE

B. HOSPITALIZATION DATA
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2.5  Assessment of clinical presentations of children with pneumonia
On arrival in the hospital, the accompanying parent/guarctian was psked the following questions:

Patlent's name, age, sex. tribe, region in which the child resldes, the type of habitatfon and the '
number of children under the age of 5 years in the houschold and whether the child was on any
medication, The accompanying forms (page 13 & 14 were completed for cach new patient.

Informed consent was obtained for the chifd’s eniry into the study.
The elinienl examination congisted of:
. Mensuring of the childs’ temperature axithary or oral

. chest auscultation was established on each child to determine the respiratory rate and

respitatory sounds (finc erepitus not cleared by coughing and/or bronchial breathing),

- the child was examined for the presence or absence ol intercostal rettuction
“ the childs pulse raie was determined
- an X - Ray examination of the chest was performed on each of the childien

- (e child was then weighed aod it height waa determined,

Maonttoring « patients in bospital comprised:

- Temperature (axillary), 6 aurly

. pulse and respil'ut-.n')} rale, 6-11t1url$r

. chest auseuliy ion murni'ng and aflernoon

. presence of nbsencs of chest (inteecostal) retraction moring and ufternoon,



children) snd AItu-qu (30 children),

11



TABLE 2,1  Numbers (f Patients Residing In The ! e Stebunrhs Of Mc_.'pzm:

Zone Sububh _ - Number of patients

A BAIRRO FERROVIARIO
B MAXAQUENL: 15
¢ MATOLA _ " 45
D MALANGA 17
E MKADGUINE
F BAIRRO CENTRAL . 12
¢ ALTOMAE . o . N
1 MAFALALA ' 4
1 MATUTUINE o _ 3
| HULENE ' o 7
K CHAMANCULO 15
1, MICHARUTINE ' - 7
M PATRICE LUMUMBA o
N LAULANE §
0O INFULENE 7
p COSTA DO SOL 9
Q 25 DB JUNIIO 5
R ALRPORTO 6
§ POLANA CANICO 51
T NHAGOIA 1
U MAVALANE 1
% DJAVELA 2
W POLANA CIMENTO® 5
X BENFICA 4
Y JARDIM &
7 MALHANGALENE 7
Unknowa or outside of Maputo 49
TOTAL H00

* Hospital Central de Mapute in this suburh

Fromt ‘Table 2.1 it iy clewr that otost cases came Jrom Polims Canico {51 elidldren), Matola (45

10



- -
T T Ty




23

24

Respnatory sounds - Fine c.repltus 1ot c]earcd by coughln,g, andfor bmm,hlal breathing,
Chest X-ray on admission
Routine investigations on admission

Total white cell cdunt (WCC)

~ Blood cultures

Narophatyngeal swabs for t..ultun.

Age, sex, antibiotic expoqurc reason for hospltallz.mmn and duration of hospitalization of

each individual child were determined anc seorded.

Discharge eriteria

Absence of fever for ot lenst 24 hours
Ability to feed by mouth '
Absence of chest intercostal retraction .
Respiratory rate normalised

Gmgmphical distribution of children in shidy .

The [Tospital Central de Maputo is an urban general hospital yituated in the centee of the suburb

Polana Cimento. This busy hosgpital hag 1500 beds, and serves a very large community,

On the following page is o mop of Maputo, where the study was undertaken, indieating the different

suburbs within Maputo (A-Z). The location of the hospital is denoted by a ™*",

Table 2.1 Hyts the suburbs of Maputo and indieates where the children in this study came from.

Accurate population fipures are not available, Regults of a sensus which ended on the 15 August

1997 have not yet been released. The previvus estimate was o pupulauun of 15 000 0600

gouitryswide'™,
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o
By
‘&ﬁ'
o
3,
o

L, T

R g



To determing the antimiciobial resistance patterny of bath nasopharyngeal and blooad culture
isolates of Streptococcus prewmoniae by dise diffusion methods with confirmation of

resistanee by meuns of minimal inhibitory concentration (MIC) determinations.

o carrelate bload cutture and nasopharyngeal isolates {rom individual patients in order to

‘assess the predictive value of nasopharyugeal isolates as couses of the patients’ pneumonia,

To determine the pneurnococcal serotypes with the view of possible incorporation into

~ polyvalent polysaccharide vaccines in the future,

To retest cattiers 6 weeks after dischatge from hospital to detect changes in eartiags rates and
antibiotic resistance patterns following hospitalization and freatment for pheurmonia. '

Transfer of technology learmt at the SAIMR 1o Mozambique in order to improve laboratory |

technigues used in Maputo.

Although the study was not specifically deslgned to ossess the clintes! manifestations of
pheumonin in Mﬁpﬁto children, these wire recorded, Some potentind risk factors for
nusopharyngeal cortinge of penieillin-resistant S prevmoniae and the development of
preuntonia in these patient population such as age, nutritional status, fumily stze and socio-

ceonomic conditions exposure were also assessed,

Inclusion criteria and tests on admission

Divsmostic ertteriv for treluston into the shidy

Aped mere than one month of age but less than § yesars old
Pytexin

Confiemed dingnosie of acute respiratory infection:
Respiratory rate abnormal



CHAPTER 2 DESIGN OF MAPUTO STUDY

In order fo gain an indieation of antibiotic-resistant Streplocaceus prewmoniae in a community,

resistance patterns of nasopharyngeal pneumococe! in children under 5 years of age, who ate known

to have a high carier rate in thig anatomical site, -:ould be determined periodically in order to detect

changes in antimicrobinl resistance™*,

Preumococesl disease can he prevented by immunization in adults using a polyvalent polysaceharide -

vaceine and conjugate vaceines are being developed and evaluated for cefficacy in infants and

children”,

It would therefore also be useful to determine the serotypes of these nusopharyngent preumococet
in order to ascertain whether the serotypes present in the vaceines cuerently being developed would

be relevant to Mozambique. With this backgre.nd. it was decided, following discussions with -

Professor K P Klugman of the Sowh African Institute for Medical Rescarch (SAIMR),
Johannesburg, to conduct a study in Maputo, examining the nasopharyngeal isolutes of children with
prieumonia heing admitted to the Maputo Hospital with regards to their antibiotic resistatice patterns

and serotype profiles,

2.1 Aims and objectives of the study

The two main aims of the study were to dutermine the antiblotic resistance patterns of

nasophatyngeal isolates of Streptocaccus pretmondoie in Maputo children, as well ag the serotypes

prevatent i that pacdiatric population,
Within these aims, the following objectives of the study were identifed:

1. Todetermine the nasopharyngeal carringe prevalence rate of Streptocacens preunaniae in

children with prevmonia hospitalized ot the Maputo Hospital,



present with severe malnutrition associ. 1 with other patholog'_'ies. Malnutrition is manifested as
kwashiorkor, matasmus, and very low weight, Of the vitamin deficiencies, pellnagra is the most
prevalent followed by xeroplihaimin, beri-beri and seurvy, the fatter being the least . amon,
Anaermia due to fron and folic acid deficiencies is also ‘vety common, Parasitaemias and other

infections occur frequently and are all jnterrelated in this vicious cirele' .

In the Paediatric Unit at the Hospital Central de Maputo, 598 children admitted during 1996
~ presented with severe malnutrition - kwashiorkor and marasmus, OF these 101 cases died, giving 1
case fatality rate 16,8%. {TheSé statistics were kindly provided by the Hospital Central de Maputo
administration). Deaths were mainly caused by gasiroentetitis or respiratory infections, inc_luding

tuberculosis while malaria was also respousible for considerable mortality.

As antimicrobial therapy is life saving in severe pretmococeal infections it was decided to establish
resistance paiterns in nasopharyngeal isolates of S prewmoniae to commonly used antimicrobial
agents in Maputo in children under 5 years of age. A study was therefore initiated involving 400 of
the children admitted to pacdintric wards at the Hospital Central de Maputo over a period of 20
months (August 1995 - April 1997) to investigate the incidence of ﬁntibiotic_ reaistance {0 §

prieumoniae in Mozambique and to determine pneumococeal setotypes prevalent in this country,




- "The preumococeal equivatent to the C-polysaccharide found fn strains of different species of the
Streptococeus genus 19 a teichoic acid constituent that contains choline phosphate and is covalently
linked to peptidoglycan on the surface of the cell watl. This antigen is common to all S,pretmonize

strains®.

~ The most cotnmon illnesses caused by S preumoniae are preunionia, méningitis, bacteraemia, otitis
media and sinusitis. These infections are more prevalent during the cold winter month. and in
patients with predisposing factors such as viral infections, bronchitis or other chest infections, heart
diseages, liver diseases, a history of ueavy drinking, head Injuries, malignancy “or spleen

abnormalities®, -

The diagnosis of pneumocaceal disease is confinmed by isolatiag S, peimoniae from specimens
from normaily sterile sites such os blood, cerebrospinal fluid (CSF) and the middle ear, They may
also be isolated from carriers using nasopharyngenl swabs aud the sputum and nasal sinus secretions

i patients with pneumonin and sinusitis respectively™,

12 Background to pneumococeas disease in Maputo and Mozambigque

Childhood mortality in Maputo is one of the highest in the wotld, The major causes of morbidity und '
mortality in this age group are malmutrition and infectious disenses such as dianboeal diseases, acute
tespi-ntory infection and cerebral malaria. The mean monthly admission rate to the Hospital Central
de Maputo of patients with acute vespiratory infections is 338 cases per month with a casc fatality
rate of 2.6%. (These statisties were kindly provided by the Iospital Centeal de Maputo

administration),

Mozambique is one of the poorest countries in the world, still currently suffaring the consequences

of o tong war that tragically affected the most vatlnerable, e, children uder 5 years of age,

It Maputo many of the childeen admmitted o pacdiatric wards of the Hospital Central De Maputo



Those persons who have & diminished capacity to form antibodies eg young infauts, patients infected
with the humsn immuhodeﬁciency virus (HIV) or individuals lacking'spec_iﬁc antibodjes to the
colonizing strains, remain susceptible as long as they are colonized and have subminimal levels of
the spéciﬁc antibodies. The exact duration of colonization with S.pnexmoniae is unknown, but is
estimated at approximately 1 - Z months in children 12 - 18 months-of-age, being longer in ﬁeople
~ with low or non-existent levels of anﬁhodies against the S preumoniae strain coneerned, such as in

~ infants and young children’.

Prieumococei produce a haemolytic toxin, called haemelysin. which is related immu 1olpwielly to |

the oxygen-labile haemolysing of beta-haemolytic streptococei, The pneumococens aise produces

* atoxjc neuraminidase which is released during autolysis®,

The bactérial capsule acts ag a virulence factor of thé oréanism. This capsule may prevent or delay
ingestion of preumococcal cells by phagocytes.  The capsule is made up of repeating
oligosacchm-ides that are synfhesized within the cytoplasm and polymerlzed by transferase that are
bound to the cell membrane'?, |

S.pewmaniae has the capacity to canse disease because it is able to escape ingestion and killing by

host phagoceytic cells in the absence of anticapsular antibody and complement,

The mecharism that allows the eapsule to prevent phagocytosis is uncertain, It {s still uncertain what

levels of mticapsulﬁr antibody protect a human subject against the ordinary pneumococeal challenge,

Capsular polysacchatides permit the classification of Spneusoniae into 90 different serotypes. Some
serogroups/types eg, 1, 2, 3, 4, 6, 7, 8, 12, 14, 19, 23 are more prevalent than others and are
associated with inereased virlence, The serotypes 6A, 6B. 14, 19A. 19F and 23F are colmtion in

children and also exhibit a tendency to acquire penicillin resistance,
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members may have experienced problems In collecting swabs from infhnts and the younger
children, -2 the process, they may have failed to reach the nasopharynx via the pemasal rolte,
resulting in suboptimal speeimens,

The geographical distribution of children entered into the study is given in Tabfe 4.2,
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CHAPTER 4 RESULTS AND ANALYSIS OF DATA

A tota) nuinber of 400 ehildren were ineluded in the survey, These children were adinitted to the
Hospital Central de Maputo butween August 1995 and Apdl 1997. '

- All the admissions presented with the manifestations od pneumaonia discussed earfler.,
4.1 Nosopharyngen! carriage of S prewmoniae

"The numbers of potients eamying prieunococe] were divided into the following uge groups in
Tubled, | | ;

TABLE 4.1 Distribution of ppewmavoceal carriors aceording to age

Age group Nasopharyngeal Pereentoge Totel Mo
number gartjors {%) | of children
{(months)

18 03 {28.1) 224
-3 19 (24.7) 77
37 - 60 4 40.5) 94
Al 560 o128 (32.0) | 400

The carriage wates in the twa £ 30 months sge groups were fower than in e older ehildren,
These lower-thuneexpeeted tates may have been as a result of poor teclnigue employed by the

nursing stdt who took the swabs. Although (rained in the correet procedures, these stafl
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33 At the South Afriean Institute for Modion! Researeh (SAIMR)

~ Adter the specimens were collected and processed in Maputo and the prcumoeoeca! isolates
tosted -l'sjr disc diffusion for antibiotic susceptibility ds deseribed nhove, all isolates were
transported in duplicate on Doeset egg and Charcoal Transport medin to the Microbiology
Lubm"':‘-.m'y of the Deparument of Medical Microbiology, South Aftican Institute for Medical
Research (SAIMR), TTere the isolates were subjected to cmﬂ'u'matm'j' MIC tegting and
serotyping using pnevmococeal typing sers from the Stateny Seruminstitut, Copenhagen.

The Jaboratory form used in Mapvio (page 243 was completed for coch new case, and was
submitied to the SAIMR together with eachisolate which required contiemation as well as

adtlitional laboratory work,



TABLE 3.2 - NCULS reference MIC values indigating degroey of reststunce”

R T L T I e T T Ty RN I

MU range iz p/m) dennoting

FRRCRFRWE O S e

VOBIOTIC "UGGOLpTIBLE INTERMEDIATE - RESISTANT
rp.. “,:,, mm,, . . -~
t,.'hiurumphcn_icol w4 | ' e
Tetvaeyeline o 8
Erytltomyein = 0.2 0.25-0.8 ol
Clindamycin % 0.25 025 - 0.5 21
Rifimpiein £ 1a2 4
Colrimogozole ! 1.2 4

{1) Expressed In terms of trimethaprin component
323 Blood enitures

Aler 18 « 24 hours ineubation at 37°C the blood eultures were subeultured onto chocolate agar -

plates which were also ineubated ut 37°C,

Tsolation, identifiention ard suseeptibility testing were carvied owt in flie sune way as meationed

above for nusopharyigeal swabs,
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- After the required period of incubation, +18 hours, when bacterial grawth beeame distinetly
visihle, the minfmum inhibitory concentration (MIC) value al the point of interscetion belween

the zone edge and the test strip was read,
Minimal Inhibliory Coneentration (MIC; determinations

All isolates were retested at the SAIMR by the broth dilution method to determine their MICs.

The NCCLS guidelines were followed in the performance of these nssays”. ‘This test determines
the lowest concentration of antibiotics measured in jug/mi that would prevent the in vitro growth -

of'the speeifie hacterin,

This procedure was carried out using a microtitre method and growth inhibition at the Jowest

‘concentration of the specific antibiotic was taken to be the MIC.

The eriticnl MIC concentrations, nlso known as breakpueint concenteations, denoting suseepti-

bility and intermedinte and fill resistanice, nre given in Table 3.2,

21
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TABLE 3.1 Reforence zones of inhihitton indicating degrees of resistance

Zones of inhibition in mm denoting

ANTIBIOTIC SUSCEPTIBLE  INTERMEDIATE  RUSISTANT

OXACUN =l YT © <13
CHLORAMPLHENICOL »19 15-19 . Ty
TEVRACYCLING :;It) ' BERTSUE 15
ERYTI-]ROMYL‘IN - 20 6 <16
cnmmmvvm ) 1821 o | =19
RIFAMPICIN 20 | 30
COTRIMOXAZOLE =19 16418 : ".:15

Erest methodology

Al penicillinresistant isolates ns determined by the oxacillin dise diffusion tost, as well s
cotrimoxazole-resistont isolates, were further tested using an Iitest (Ab Blodisk, Solna, Sweden).,

o deseribed by Jorgensen er af'®,

Tnoculum preparation and inocalation density were us for dise suseeptlbility testing, ltest strips
ware applied to the surthce of ¢ completely dry Mueller THoton taked blood agar or sheep blowd

agar plates, Plates were incubated af 35°C for 24 hours,

20



Using ascfrtic techniyues dises containing the following antibiotics were placed firmby on the agar

surface of the respective blood agar plates:

3% sheep blood ugur Mueller Himon. Taked hlood agar

Oxacillin (1 ug) _ Coteimoxuzole (25ug made up of
Chloramphenicol (30ug) . uimethoprim, 1,25 ug and sulfamethoxazole
Tetracycli_ne (30ug) - 33,75ug)

Tirythromyein (15ug)
Clindomyein (2ug)
Rifampicin (Sug)

Plates were incubated overnight at 35°C,.

The presence of a definltive zote of inhibition for cach antibiotic tsee following table) was regarded

a8 susceplible,

8 pretmoniae ATCC # 49619 was used for quality control purposes bath for the optochin as well
- i the suseoptibility testing,

These control procedures were put up coneurrently, on o weekly basis, The zone sizes (expressed

in mm) which were used 48 interpretation guidelines are given in Table 3.1,

19
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3.2.1 Nasopharyngeai swabs

After 24 hours incubation, the blood agar plates with pentamicin were examined {or typical colhnies_
of 8 preumoniae, producing_alpha-lmcmolysis ahd exhibiting o dravghtsman shape (colonies that

are mucoid or flattened with o depressed centre.)

Five colonies showing the abovementioned features were plated out onto horse blood agar for -

confluent growtl and an optochin dise was placed in the centre,

The blood agar plate was incubnted for 24 hours at 37°C, A zonc of inkhibition of at least 14 mm

around the optochin dise was reparded o typleal of § jmeumfmtcw.

3.22 Antimicrobial susceptibility testing

The antimicrobinl susceptibility test employed the Kirby-Bauer technique and was performed -

according to the National Commitiee for Lulmmtoiy Stondards (NCCLS) guidelines'”. A suspengion
of the overnight growth was prepared in peplone water, equivalont to o 0.5 McFarjand standard, A
swab from which the excess fluid has been expressed was used to inoculate as uniformly as possible

one Mueller Hinton laked blood agar and one 5% sheep blood agar,

18
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The paediati‘ic ward was visited on u daily basis by myself or a laboratory technologist,

Daily terperatute checks were performed on the incubator and the retrigerator containing

the media. We ensured that all Instructions given at the outset of the project wete being
followed. Replacing and/or replenishing stocks of media was carrfed out by outselves.

3.2 Inthe Jaboeratory

Pnenmococe] were identified in the routine microbiology laboratory by the following procedutes:

1. Gram-stain: gramepositive, lanceolate_-shaped. cupsulated diplocoeei that mny form short

chains,

2. Haemolysis: the organism produces o ~ haemolysis on blood agar. The haemo-lysis
is greenish in colour and is also known as a viridans-type haemolysis

3. Cultaer S, preumoniae grows best on chocolate (heated blood) agar, incubated in a

carbon dioxide enrlched atmosphere. S.prenmoniae is catalase negative,

4, Identification: Pnetmococe arg soluble in bile salis, and are susceptible to cthyl
hydrocupreine hydrochloride (optochin). In this study only optochin susceptibitity
was used to identify the strains, Using a 6mm dise, a zone of inhibition of nt least

14mm in-diamerer is indicative of susceptibility,

For children with acute respiratory infection it is essentinl that the clinical specimoens
be collected before nntimicrohial therupy is begun, and all specimens should bhe
. proeessed in the bacterinlogy labaraltory ns soon as possible,  Instructions to effect

these mandatory steps were giver and generally adhered to,

17
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' CHAPTER 3 PROCEDURES FOLLOWED IN THE STUDY
3.1 In paediatric casualty ws_u‘d'

On ndmisrion to the casualty ward and upon confirmation of the inclusion critetia listed in chapter

2, the followmg was done:

1, A calcjum algmate nasopharyngeal swab (Calgigwal: Inolex Cm porauon) was ml«.n from :

" each child using the pernasal route

2. A blood culfure (Oxoid Signal Blood Culture Systém} was iaken on each élﬂld o the same

time,

3 On compietion of the nasopharyngeal swab and the blood cultute the child was immediately

started on antibiotic therapy { procaine-penicillin).
4, Timined nursing staff were responsible for
- plating the nasophatyngeal swab diteetly onto a blood agar plate containing horse blood
and Spg/ml of gentamiein. These plates were incubated for 24 hours . " in the

ingubator in the pacdiatric casualty section of the hospital.

- prutting the blood culture bottles in the incubator in the ward immediately after ﬂu.-y lad

been collected,

5. The blood cultures were incubated at 35°C for 24 hours in the incubator in the pacdiatric

Cagualty ward.
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2.6 Laboratory investigntions

2)

'h)_-

Upon admission the following specimens were taken on each child prior o the administering

of antibiotics:

-~ A calcium-alginate swab (Calgiswah; Tnolex Cdrpmﬁtiou) was used to collect o

- nasopharyngeal specimen.

. 5-10mlof blood was collected and placed in a blood culture, bottie (Oxoid Signal Blood
Culture System) immedintely

- 5 ml of uncoapulated blood was collected for a white blood cell count.

On dlscharue the parent or guardian of the child was requested to bring the child back 6 -

weeks later if the nasopharyngeal swab proved to be positive.

At this siage a final nasopharyngeal swab using a Calgiswab was to be taken,

15
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4.3.3 Antibiotic resistance patterns of nasopharyngeal isnlntcs{

OF the resistont straing, 43 (51%) were mono-resistant, 33 (39%,) were resistant W two drugs
and 9 (119) isulates 1o 3 antimicrobial agents, The various antinierobial resistanee p;ittcrn_s
and their corresponding serotypes are given in Table 4.9 and Tuble 4,10, The incidence rates
of resistance to penicillin, cotrimoxazole, tetrncycline. chloramphenicol, erythromyeihe and

rifampicin were 52%, 28%. 18%, 9.4%. 1.2% and 1.2%, respectively.
4.3.4 Serotypes of S pnenmoniae

© The serotypes of the pieumococenl isolates [fom the nasopharynx and bleod of ehildren with

prieumonin are given in Table 4,11,

Of the 23 blood culture isolutes, 22 were available for serolyping and antibiotic susceptibility
testing. The comparative data of these isolutes and steains isolated from nasopharyngeal

swabs wre ghven in_ Tuble 4.9 und Table 4,11,

Oniy one isolate from the blood enlture group was shown to be different Teont hs
corresponding nasopharyngeal isolate This fnding suggests strongly that nasnpharyngeal
swab reaults are likely in u lavge percentape of easus to refleet the PREDIIOCOTENY Lausing
invasive pulmonury pathology in eases of preumococenl poeumonia, In cases of nen-
pncumﬁcuucui pucummiid sone 11:1..‘.1'1.11a11“yngcal_ swabs nuty of course still viekl positive

preumocoees] cultures,

With regard to the antibiotic susceptibility vesudts of the 22 available boad eulisre fsolat
17 (72%) were resigiant o penicillin while five (23%) wore in addition wlse resistant to
cofrimoxnzole, ‘The corresponding serolypes were 198 (19 isolutes) and 194, 14 anet 21 (all
one {solate cach) while vne blood eulture isolate was contaminted und eotd not be typed or

testedt Tor drug soseeptibility.

EN



TABLE 4.8 Antibiotic resistance in tasopharyngeal Isolutes of S pmrtmumkwf o Maputa children

Anubiotic

Dise diftuston results

MIC-contirmed resistanee

| Etest results (only strains resistan. on

sereening were tested)

R(%) IR(%)  'Totaltested

R (%) IR' (%) & Ri%) IR%) Total (%)
Oxacillin/penicillin S7T4F) _16{13)_ 55 108 | 66 (52} 6'?(5.2} 17(13) 54 (42): 73
Tetracycline 18 (1 7.5 143 2ﬁ(i61 | 323 23(1_8)_ | Not done
Cotrimoxazole 19 9M 98 (3@ 3@ 6e8 |26 0 Y
Chloramphenicol A{A1y 8 116 Nt done Nut dduc . |
Erythromyein/(limkunycin AlGy 0 126 Not done Not done
| Rifempicin LG - 126 Not done Not done

i Fully resistant

2 = Intermediabely veslutint
1 = Susceptible
4

‘Tl minbes of stenins showing resistaney
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43,2  Antibiotic susceptibility testing

Onee confirmed a3 .8 presmoniae, antimicrobial susceptibility testing was performed on ali

“Tsolates,

On sereening for resistance on dise diffuston iesting, all penicillin. and cotrimoxazole- .
resistant isolates were retested by Frest in Maputo while MIC determinations involving these
two antibiotics, as well as teﬁucycliuc. were performed on all the Isolates at the SAIMR in
Johnnnesturg, The antibiotle susceptibility results ol the nasopharyngeal isolates are shown
in Table 4.8, |

Based on MIC confiemation of resistanee findings, the ineidence of peniellin resistanes was
52% wyernll with only (.8% of the carrlers harbouring fully resistant strains while all but one
isolats was intermediatoly resistant to this untibioti, ‘These penicillin resistance datn also
reflect those of ampicillin and amoxyeillin which exhibit MICs sirilar to those of penicillin

in the cane of' & prewmaniae isolates.

Resistance rates 1o cotrimogazole, tetracyeline and chloramphbenteol were 28%, 18% and 9%
respeetively, while those to the sther antlmicrobial agents, ineluding erythoromyein,

~ elindamyein and vifsmpizin were fow (less than 3%).

The Ttest results compared very well with those of the MIC determinntions while the dise

diffusion tests pecformed in Muputo tunded to overestimate resistance,
4.3.2.1 Ape-related carriage of antibiotle-resistant punenmaococel

From Table 4,0 it con be seen that there was o much higher prevalenee of antibiotie resistant
prreumioeoeed in children less thim three yeurs of agge (75 out of 82: 914%) compared with the
older children (10 out of'do: 2294), The dilTerence was highly stonifieant (0,001 Chi-

synared. Yotes correted),
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TABLE 4.7  Type of house in relation fo carriage of Streptocovens prnemmoniue

Carrier status Clement house (1) Suaw hut(n) Unknowi _ Total{n)
Non carriers 108 148 16 27
Carriers 47 54 27 128

R-Cutriers” 22 (47%) 45 (83%) 18 (67%) 85 (66%)

-4} Corvlers of unilbiotieeresistont preumococet with percentage in group in brackets

O the 47 pneumosoceal straing from eartiers who Jived i coment houses, 22 (47%) were
rosistant us opposed to 45 resistant stains oul of 54 carriers (83%) who Tived In straw huty
(P=<0,001: X* 13.4, Yutes corrécted)‘ ‘These Nindings suggest that the antibiotic resistanee
wag more likely to oceur in children from poor households who live i straw huts compared

with the presumably highuer socto-eponomic groap living in cement houses,
43 Charncterization of poeumococenl isolates
43.1  Isvlation from nasopharynx and hlood

As proviously mentloned. nasapharyngeal speeimens were initially cubtured for the presouce

of S prenmoniae anly.
All fsolotes were then confinmed by various lnboratory methods,

OF the 128 coses who had N preamoniae isolated from pasopharyngeal swabs, 23 (18,0%) in
addition had the organism reeovered from blosd culiures, No bloud culiure-positive ehildren
hud g negative nasopharyngeal culture, The overall positive blood cultute rate in the 400

ehildren with paeumonda was 5.8%.

Lo



demopraphic dat

The prevalence of pnummcm.t.al carriers in dlif:.r-..nt age groups and the average mumber ni

children under the age of 5 youes in the mpecuve hotiseholds, are ;,mn in Table 4.6.

TABLE 4.6 Relatinnship hetvween carriage and household yize

A Group Resistam; Corriers (%) in Noofchildren  Average No. .ut'
{nt ynths) S pneumoniae  group ' it age group children in _

' ' ' "~ household -
18 M) GREBW) 224 19 .
1936 16R4%%) 192 SO | 3.8
23 e 46 (47%) 09 43 ’
TOTAL <60  BE(6%)  128(32%) 400 40

The children over (hree yenrs of nge eame from slightly Javger familics and thelr preumo-
coceal earriage rate was apprecihly higher than in the younger age groups, On tho other

~hane, the younger children had a muel higher cattiage rate of antibioticeresistant strafos (See
Section 4.4.2,1)

Pype of habitntion
The type of habitation of all children was divided into 3 entegories fe, coment. siaw hut and

O upknowi, 39% of children resided in 2 centent abode and 31% in u steaw hut, Information on

- 43 (11%) of'the children was tnavid iable.' ( Table 4.7).
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On analysis of the weight by age and based on percentile c_htu'ts, malntirition in children
falling under the third percentile level occurred malnly in children between 13 - 60 months of
nge. The better nutrition_al status of infants less than one year of age probably relates 1o hreast
feeding which is practiced exteusivcly in this age growp. 'I‘he enbture-pastiive children
(carriers) weighed stightly Jess than the culture-negative childron and the differences in

weight between the two groups was again most noticeable in those 13 - 60 manths of ape.

A health card which is used for all children in Mozambique is {itusteated on page 33, The
porcentile {Py; - Pyo) is used o5 an indiontor of the nutritional status of the child. Wiien the

- ehild's weight was <Py, and this figure was less than 60% of the Py, figure (see chart), the

child was considered to have marasmus'® ™, -

These eriterin are more useful for the assessment of the individual heeause it is gencrally
accepted that the decreases for the age may be evidence of previous or ehronie malnutrition
and decreased weight for hefght may be evidence of recent or relative - acute onset of

malnutrition’™®,
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In Table 4.5 height and weight data relating to the nutritiona! status of children are recorded according to age groups. The last column indicates
the ideal weight, which is baged on a char reflecting the relationship between age, height, brachial chcumference and weight,

TABLE 4,5 Age-related h_e!ghr ard weight measurements

Age group _ No. of Culture positive Eroup o | All children . Ideal

(months) children - Mean and range : Mean and range : weight
cult}i}'e Height (cm) Weight (kg) Height (o) Woight (ke) (k)
positive : _ : '

1-3 3 34.9 (48-50) 6.1 (5-7.2) 34.9 (43-50) | | 6.0 (7.2 50
4-6 G 60.2 (55-69) 7.3 (4.5-0.8) 61.1 (55-B5) 76 (4.5-9.8) | 8.2
7-9 18 81.6(54.93)  8.8(3.%-128) 79.9 (54-98) ©9.3(3.9-12.8) 7.5 '
10-12 21 87.0 (65-102) 10.2 (7.3<14) 86.3 {65-110) 10.0(7.2-158) 10,0
13-24 3 ~ P0U(60-110) BN TCKAT) . 81.3 {60-110) 10,8 (5.5-14) 120
25'-; a8 k}) 4.} (82-106) 10,8 (9.5-15.5) 02.6{?6-1%) CH2(75185) 140
49 « 60 8 §3.4 {08114) 12.2 _(12.9-15.5"1 85.0 (90-114) 14.8 fl:%—l‘?j - 158
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TABLE 4.4  Chest X-ray findings

X~
ray findings ' “No. of cases with positive x-ray {findings ' |
Culture~ Culture ~
Positive Nepuative
Lett upper-lobe o 4 (31%) CT8 (30%) -
Leftlowerlobe —  50(41%) 48Q19%)
Right upper lobe | 16 (13%) © 56.(23%)
Right lower/middle lobe 10(8%) = 30 (12%)
Bilateral pulmonary 4B (39%) 18 (7%)
Normal 10 (8%) 48(19%)
Not done/Not available 0 (5%) 24 (10%)
Number x-tayed 7 C125%) 248 (91%)

{1) More than § fobe wore fvolved fn some patents

OF the 128 carricrs, X-ray examinntion of the chest was performed on 122 and 48 showed
bilateral pulmonary involvement (39.3%) compared with only 18 out of 248 non-carriors that
were Xarayed (7.3%), The dilference wiis stotistically significant (1"<0.001: Chissquared, Yates
corrected). ‘There were, on the other hand, only 10 normol X-ray fndings in the vorrier group
(8.2%) as oppuosed to 48 (19.4%) in the non-carrier group. Lower [obe Involvement pecurred in
6(r (49%) of cartiers as opposed to 78 (31%) in the non-carvier group. 1t is infercsting that 112
out of 122 pnevmonia cases with a positive nasepharyngeal swab from whom xay findings
were avadlnble showed an abnormal x«ray finding giving a predietive value of 929 for o positive
nasopharyngeal swab, The spectf’ :ity. sensitivity and nepative predictive indices of

nasopharyngeal cultumes were 83%, 36% and 19%, respectively,
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42  Clinieal findings

There were 179 females and 221 males included in the study, Nasopharyngeal carriers comprised

of 64 t‘emélcs and 64 maoles.

The terperntures upon admission ranged between 37.5°C and 40.2°C with & mean of 28.9°C,

'I‘hé clitical data and X-ray findings are given in Tables 4.3 and 4.4,

- The average heart and respiration rates for healthy children nre about- 120 beats 'pér mitnste and

20 respirations per mirtute, respeetively, but both heart and respiration rates very with age in
children, being higher in infants compared with older children. As all of the admitted children
presented with tachycordin the mean heart rate was 131 beats per minute and the nican

respiratory rate was 48 respirations per minute,

As expected, most of the childien showed a levcocytosis with a mean leucocyte count of
15,795 10%1 and a range of 3,60 - 28,20x10°/ [or the group as & whole,

TABLE 4.3  Clinleal data of children adinitted to stidy

Manifestation Meun Range Nuntber of cases
cvilunted .

Temperature - B¢ 37,5~ 40,2°C 400

Respitatory rate/minute 48 36 - 51 00

Heart rate/minute 131 120 - 160 400

Leticoeyte count/liire - 15.79x10° 3.6 - 28,20x10" 400
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* From Table 4.2 it is clenr that most cases came from Polana Canico (51 éhildren) and Matola (45

children),

Polana Canico (zone S on map) is an extremely poor arcs (Canico mean: straw) where no clinies
with trcatment facllities are available. There are however small health centes which refer very ill
patients directly to-the Hospital Ceﬁtal de Maputo. Children from this suburb have a high
preumocoecal carringe rate of 36 out of 51 (70.6%) as weil as a high rate of resistance 31 oul of |

36 (86.1%). 1t should be noted that by far the largest nutber of m1tibintic-?esistant tsolates came.
from. this poot area of Maputo, 31 from this single suburb as opposc.d t0 55 ﬁom the 011101 28
suburbs, giving a mean of only 2.2 per suburb for the latter ,g.roup

Motala, Zone C on the map, on the other hand isa suburb on the outskirts of Maputo and has a -
well established primary care clinic where patients can be treated and seriously 11l patients b
referred to h_ospita_l. There are also two neatby ho_spiale% and patients will only be referred to the
Hospital Central de Maputo when these two hospitals ave full, Children from this suburk had a
very low earriage rate of 7 out of 45 (15.6%) which could be explained by the possibility that
preliminary treatment may have been instituted at the clinic before referral of patients to the
central hospital, Such trentment may have influenced the isolation of nasopharyngeal

pnewmoecoccei.

The addrest~s of about a quarter of the children wore not recorded and most of these came from
areas outside contral Maputo (99 out of 400),



TABLE 4.2

Carringe status and carriers of antibiotic-resistant pneumococei sccording to suburb:

Zohe

MO Ow >

—
-5

NAXE<LCHLACVOSZEORS ST O

Suburb

BAIRRO FERROVIARIO - -

MAXAQUENE
MATOLA

- MALANGA

MKADGUINE
BAIRRO CENTRAL

ALTO MAE

MAFALALA
MATUTUINE

MULENE '
CHAMANCULO
MICHAFUTINE

PATRICE LUMUMBA
"LAULANE

INFULENE

COSTA DO SOL

25 DE JUNHO
ABRPORTO

POLANA CANICO
NHAGOIA
MAVALANE
[NAVELA

POLANA CIMENTO(1).
BENFICA

JARINIM

MALIIANGALENE

Linknowa or outside of Maputo

Total

Non-carriers  Carriees Resistant.
: [solates
2 3 3
0 5 2
38 7 3
13 2 2
8 b 1
5. 7 3
26 4 3
3 1 1
2 1 1
4 3 1
12 3 !
5 2 0
5 ] 3
4 j l
2 5 2
7 2 I
4 1 0
5 ] 1
15 36 3
2 1 1
5 ' 3
] ) §
4 | 1
2 2 1
4 | 0
3 a
79 W 12
272 128 85
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For future surveillance ol pieumosoceal resistance patterns in Mozambique, improvement ol
the dise diffusion technique is required as in the present study this method tended to over
estimate the freguency mid levels of resistanee, Impraved yuality assurance, inelwting
external quality assessuient pacticipation may help to acmeve this, The Brest gave good
results hut tended to overestimate levels of pendeillin resistantee, The cost of this test is,

however, prohibitive m the Mozambiygue seiting,

534 Antibiotic poliey for Mozambique/Maputo, bascd on the findings of tie present
study _ . o o

Aceording to World Health Organization recommendations, penicillin should be gvailable in
ull countrics. It iy an easential drug chosen heeymse ol its effectiveness in the ease of many
infections in developing countrios and the faet thar it {5 mlatively inexpensive, Tiven though
hight fevels of penicillin resistance have been wanonstrated, this anidbiotie can still he used
eifectively in the treatment of pneumor’a™, The effiency of penicillin teeatment of
pheumeniz in a population where the Incldence of penlelilin-resistant prenmococed i

extrentely high hes again been demonstemed in the present study,

In Mozambigue penicitin, eloramphenizol, and to o Jusser extent, cotrimoxazole and
tetracyelines are the mast frequently used angibloties pod they muty seleet Ror resistanes dag to
ovetuse and possible abuse, In pulimonoery lobar preumonta for example, penicillin s one of
the maost effective antibinties, due to its wasy abaorption into the blood stream and high
bactericidal levels wehieved in the lungs, This is however not the cose tn meningitis and coses
af otitis media as this aptibiotie has greater difficulty vrossing the bloud-brain baerer md futo

midedle-ear tissues™,

( Tloramphenien] 1 frequently administersd w patients in Mo ambigue, [t is a road
speétl‘tln't wittidotie and iy precomtinanily baeteriostatio. Severe but uncsmmon side effeets
inelude aplastic ansemin wmd pancytopenia, For this reason it iy probably unwise to use it in
the treatment of poewnonia, despite its low eost. However, in poor developing countries

there is aften no aption but 10 use this antibiotie as noue other may be . ~tabie or alfordable

i} .‘j



reasons for this finding may have been that beeause only cuses adinilied to Jiospital were
investigated, i is possible thut unrecorded antibiotie administration may hve oeeurned befire

the pusapbroyngeal swaas were iaken,

It is noteworthy that the nasephiaryngeal carior st -of 71% in ¢hildren from Polana Canieo,
- {hw poorest suburb in Maputo where patfents are directly reforred to the hospital, is in the

higher runge of those recorded in the Hierature™™,

532 Prevalence of antiblotic resistance Ji nasopharyngenl pneumocoeci in Maputo
childven : ' _

The aatiblotic resistance ineidence of 66%0 in S paeenoniae in Mapute children during the
study pesiod was extremely bigh, The prevakence sote For penicitiin resistance of 52 ix
stightly higher than that in neighbouring South Afriea"™*, while thowe of cotrimosazoke
{28%) andl tetracyeline (18%) ave also Bigher than at the Cliris Tanl Bacagwanath Hospitat in
Soweto, Johanmes-burg™”. The higher incidence in the infants and ehildren under 3 years of

W Towever, the excesstvely high

age I in ageordanee with other shudiow in the fiterature’
mte of teststance to penieilin and other antibioties in this age group requires explanation.
Twa possible Thetors oy have played a role, One is that irty capid sprend of 2 elone within
serotype 1917 gould have oveurred in the population studied and that presently unknown risk
hetors e erowded conditions, ant, .o et windfor fiequent upper respitstory infections
played arole, The vther seenario is that the evelution of drug vesistutwe had twken plaee over

aprolonged perfod and resistanee aeennrdated graduaily 1o its present bigh levels,
£33  Significance of antibiotic resistanee findingy
'Fhis stody wiy very important s it provided o baselinoe of relevant informion on antibiotic

resistiiae in S prctsenioe whiclt, v o now, was uimostilable, This inlfamation ¢ould form

the hasiy 1or e rational treatment ol preumonis, meningitis mmd otitis media in Mapato,
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study died, giving a case fatality rate of 0.5%. Botl had positive hlood eulinres and died

soon ofter admission, The Jow mostality in this group of children is not surprising os bocterial

pneumonin which is usually coused by S pneumoniae wsially respond well to untibiotic
treatment provided appropriate treatment {s given relatively enrly in the disense®™, Itis
probuably fair to suspeet that the case fatality rote s likely 10 be much higher tn the more

remute rural regions of Mozambigue®.

The fact that patients smsponded to penielllin teeatment of their pneumonia despite the fuet
that more thun 50% of the causative pneumocoteal straing were “resistant” fo this anttbiotic is

not surprising, As indieated earlier penicillin resistance, although highly relevant in the

menigitis xetting, has no bearing on pretimonia where penieillin levels in the diseased lungs

nre nveh highey than the MICs of MBCs of the pneumocoseni sivains cauging the

- pneumonia®,

Whether any of the children in the present study sulfered from underlying HIV disense 1s
uncertain but pnevmosoceal pueymonia and bactersemia are more commaoi it HIVapositive

ki3

adult patients, even when their CID, cel! counts are sili relatively high™. Preumocaceal

islates front such patients tend to be more cowmonty reslstant to antibioticy than HIV-
negative control patients,

53  Sigaificance of nutibiotlc resistunce findings

531 Carrier ratey

Although the netual eates of presmococend eaveiage for e sty of he prevalence of
resistanee patterns and serotypes present in communitivs are not of prisary impm'tance. Hl

sufficient nimber of isnlotes wlich is also representative is required fir meaningiul rasals™,

The poeumococea] earrier rate results from the present study. centralized at the 1 lospits]

Central de Muputo, apear to be Tower than in other developing coutries'™, One of the
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Mozambique, the incidence of antibiotie resistance in prewmococed and other bactevia is

~ unknowa,
52 Clinfenl nspects of the Maputo study
821  Hospital faciltics in Maputo

Apart from the Hospital Central de Maputo, there ure three ather falrly large hospitals in
Maputo that admit children from surrounding aress, Our hospital; being a reference hospital,

aecepis moinly referred cases,
B22  The status of the hospitalized children

The population of cliildren entered into the study come from o very poor soclo-ceonomic
backgtound, The poorest suburb of Maputo, Polom Canico, also provided the largest number
of children with pneumonin admitted to the hospital, These children had a high coreler rate us

well as o high rate of antibiotie resixiance amoug the ivolates,

With regm'd 1o the nutritionul stalus of the children, those below one year of age tended Lo be
well nourished, probably because they woere largely breastfed. The older ehildren in the sludy
were generally helow the ideal welght Tor their ag and refleet the state of poverty and
duprivation prevailing in the wake of the reeent eivil war in the cauntry where malaria,

2,070,
.

dharrhoen ind respitatory disease are rampant
523 Clinieal features of pneunonia cases

The children with prevmonin showed the classicnl sipns and synymoms as well as radio-
graphiee foatures of this diseuse, 1t 13 interesting that the ehildren with positive nasopharyns
seet] swabs had o greater propensity [or the development of bilateral pneuntonia. ‘TTie pativnts

respaiched well to penieillin or chiommphenico) and only two.out of the 400 children in the
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CHAPTERS  GENERAL DISCUSSION AN CONCLUSIONS
51 Pneumococeal resistance wbrld@vide_

8 prewmontice remains the most common hacterinl covse of pneumonia™=, Worldwide,
approximately 15 million ¢hildren under § years of age die annually from .ﬁmventnblc
disenses. The majority of these deaths vecur in dewlup.lng countries”.  Among these,
respliatory infections predominate and the prenmococeus is responsible for about 80% of

severe pneumonias in ehildren in Afren®™,

As mentioned in Chapter 1, antibjotic resistant preumocoee] were first deseribed to be fully
undd multiply resistant to penieillin fre 1977 and 1978, respectively'”, Sinee then o dromatic
jnerense in the incldedes of pneumocose] tesistant to peniciftin and other antimierobiuls has
been notieed*?, A marked inerense in resistance is eursently seen in wome Buropean
countries such ay Spain; France, Tungary, Slovakia s well as South Afrien and the United
States of Amerien S, '
For many years penieillin was the stndard treatment for pnevmococesl infeetions iy, the
drug'uf choice, Straing with MICs between 0. 2ug/ml and 1.0ug/ml have historieally been
degignated as relatively resfstont to penicitlin and those with MICs greater than LOug/ml as
tesistant, Tlowever, these eritin) eoncentrations, also ealled breakpoint concentrations, agy
only relevant in cases of meningithy und possibly otitis media in the case of penicillin® and not
to pulmonary infeetions™. A note of eaution is wppropriate it conection with the use ol
chiovamphenicol for whe cmpirie treatment of acute bacterinl meningitiy in developing
cotintrivs where thete is high ineidenee of penjeillin-resistunt pnetmococed, Potiests with
pieumocacieal nieningitls caused by penteiliin-resistont strains do not reapond well to

ehiloramplicnicol trentment™,

- Surveillanee and ongoing resaeds progrommes are costly and diffieult w establish in a

vountry with severe financisd coratrvints and in some underdeveloped countries such as
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43,7 Trentment data

The most common treatment regimen involved intra-museulur procaine penicillin, However,
ehloramphenico] and occnummlly cmumnxaznlx. were sometimes used dl..}‘lt..lldlm, on the

availability of pemc.lllm.

Provious (aking of antiblotios

OF the 400 children included *n the study. anly 3 children were known 1o have received an

antibiotie before adnission to lmspiml. Af adntission, 1 child was curtently taking nalidixic

acid and 2 were on amuxyelilin, It was not possible to obtiin me'muu_zl‘ul informuton from
the patents or guardians of patents regurding prior ﬂﬂlﬂ‘ll(‘ltlb capumu'e

438  Casc fatality rafe

Two children enteved nto the study died shortly after being admitted to the Paediatrie Unit,

Bothcoses dle @ dineet result of their pneumonia and had positive bload eultures. The
cage fatality rate o1 0.5% wag therefore quite low,

14



4.3.6 Six-week follow-up results

We were unable to get o 6eweek follow-up swab from 73 of the 128 children. leaving 55

- children - who could be swabbed after discharge, Although various attempts were made fo -

lowate all the children, this was not always possible.

Thirty (55%) of the children tesied at 6 werks, stifl howl § prermoniae present in thely

nagopharyngeal swabs and of these 20 isolates were resistat to one or more antibiotics.

The carringe rate of resistant strains after #ix weeks (20 aut of 30: 67%) was identical to

resistance rte on udmi;mibn 1o hospital (86 out of 128; 67%).

The serotypes of resistant straing and thelr resistance patterns are given in Table 4,12,

TABLE 4.12 Serolypes and resisiouce patterns six weeky afier hospitalization

Resistance 1o
Nerotype  No. pen!! - Pen Cot Pen Tt Pen,Tet.
of steaing. Lol
19 13 v 3 1 5
kil 3 ! i !
14 1 1
ol o | 1

1y Pen = penieibiing Cot - cotrimoxazoles Tet = whracyeline

R



4y none patient the blood t.ultuve inolnte was o penicitlin. and weracyclite-resistant type 21 while rhe
corresponding lmsopharyngcnl Tsolate was ponlei llln-n.ststam ond a sype 23F, :

SfeedT# L o
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TABLE 4,11 ~ Serotypes of antihiotic-resistent nasopheryigeat and blood cultire isolates

Serotype

19K

A3F
oB
A
1B
13
28
194
9N

24
Contaminated

Toinl

1} Number af nasophrayigeol swabs

Number of
positive
N P Swabs!}

42 (47.7%)

12 (14.0%4)
G.{?.{l%}
AR
3(3.4%)
4476

2(2.3%%)

2 23%)
2.3
223%)
2 (2.2%)
O (0%
L0200
£ (12%)
1 (1.2%)

[ {1.2%)

]

- DBloed cultures?)  tdenticn! Autis

No (Registance  biogram
patterns) - -Rwah/B/C

19 (OF, 4Pcot.68™) 19

1 I
il " Ne?
1¢P §
i ok} C Nt
[
23 . 33

2y Number of blood cultures and resistance patterns in benchets

318 Suseoptile

4%

Tdentical
Seratype

- Swab/BC

N

Ny

Kl



TABLE 4.10 Resistance patierns af six connnon paediciric serofypes compeared with others

" Resistant straing

Serotypes _ —

Pen RU%) Single™(%)  22R"%)  TotalR”
10F | 30 (7). 360 2050 42
4 : 10(83)-. 5(42) 7(58) 12
e AEn 467 233) 6
B 400 250 250) 4
6A - 3(100) 1@3) 267) 3
19A 2 (100) H50) 1(50) 2
Al 6 types 53(77) 34(49) 35(51) 69
Other O 14(88) 0(56) 7(44) 16
Total - 6179) 43(51) 4249 85

17 All stralns resistant to penieililn, singly or wwultiply resistant

2) Rosistant to one antiblotic anly -

33 Stening resistent to more than one antlbivtic

4y Total numbet of resistant strm‘ns_.
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TABLE 4.3 Rovivtance patremé aned serotypes of nasopharyngea! isolatos based on breakpoint concentrations given i Table 3. Jand Tkle 3.2

RESISTANCE TO
| Serotype : .
: Pen Tet! Cot" ) Chl | Rif% | PenfCot | Pew/Tet | Pen/CovTer | Cot/Tet | Bryth/ | Total (Nusophu-ryngenl
: ' ' cnl isalutes)

19F 1309F . 2 1 4 H La{n ' 2 1 2 qaun
14 R E ¢V N I S : i 1 | N 12{1}
23F 1 3 2 1 ]
BA 1 1 ' 1 3
6B 2 1 1 )
19A 1) | 241}
1B i 1 2 4
i3 1 1 2
28 1 l 2
N 1 1 2

7 1 I

4 ey ' 113
21 o e
-29 1 1

] i i

10 1 1
24 : ' 1 1

Total | 28(12) 5 4 4 2 | e 8 y 1 2 45 (17)

1) Pen, Tat, Cot, Chl Bry, CH, Rif denvte peniclllin, tetracycline, eotrimoxazole, chlomrnphcnml cr:,thromycln clindamyein und ritwpicin, respectively

2} The numbers of hlood cultures showing particular resistunce patterns nre gwen in bingkets,
.3} Oue of the two nasophovyngenl isolates showed high level tesistance (MIC, 2 po/ml)

4) "This strain was Isolated from the bood culture but ot tom the nasepharyny

39




4.3.5 Antibiotic resistance patterns in relation to serutypcs' _

 The sntimicrobial resistance patterns of the different S prewmoniae serotypes are given in
Table 4.9 (all isoaltes) and in Tuble 4,10 (patterns of the six most common serotypes isalated

from children worldwide).

Serotype 19F was by far the most common type .isulatufl (42: 49,4%) {ollowed by type 14
(12; 14.0%), type 23F (6: 7%) 6B (4: 4.7%), 1B (4: 4.7%) and 6A (3; 3.5%).

The very high prevalence of pneumocaccal resistatce i thé_anum children suggests that

-~ clones of S preumoniae may well be prevalent in Mdzambique and DNA ﬁngcrprintiug may
well yield rewm-ding findings, especiatly with regard to serotype 19F. beeause this'strain is 5o
common in the community studied, as well as serotype 23T, a clone of which has been shown
 to have spread to many countries, including South Africa®!, Especially striking is the large
number (31) of antibiotic-resistant pnewmococeal isolates found in children coming from the

suburb Polans Canico,
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Monitoring and survelllance of preumococeal resistance and if possible, reststance in
Haemophitus :‘nﬂuenzﬁe from ﬁu: nasepharynx of chikiren attending paediatric units at - _
Hospital Central du Maputo as well as surroundmg hospitals, should be 1mplemented Ideally

 such sutveiliance should be ongomf,.

Data generated In this way should be revirwed frequently to establish ary obvious trends and

patterns, but at least every 3 years update surveys should be performed,

Ag serotype 19 F was very common jn my study, iv would be interesting to see any chzmgc.é
that may ocour with regards to resi.stan'ce and sen)tjrpés in the next few years, The use of
antibiotics should also be closely monitoted to prevent abuse and a consequent inerease in
resistance patterns. Epidemiological surveillance should be extended nationally as n follow-

up to the study of pneuinonia.

The introduction of the conjugated polysacchiaride vaccine into the community, especially in
children under 2 years of age. who have a deficient immune system with regard 1o mounting
as humoral antibody response to polysaccharide anfigens, could play an important role in
cdmbatting poeumovocen! disease in Mozambique, Whether this promising but expensive
vaceine will become available in Mozambique, and be affordable, only time will tell.



nasopharyngeal swabbing pmcedu:e. Various attempts were made fo Jocate the outstanding
cases, but most of these proved frultless. '

Only 2% of the total number of cultures submitted to Johannesburg were either non-viable or
contaminated ypon receipt in the luboratory at the SAIMR, '

56  Conclusions and recommendations

In Mozambique due to the socio-economic conditions us a consequence of the war and
ongoing drought. there is much suffering amongst children from acute and chronie
malmitrition which is highly prevalent in our country2"5%,

As is well knuwn. there is a vicious cycle between mfccttous diseases and malnutntion" 928

Many o time o malnourished child with pneumonia does not get to the hospitat or health care

centre for various reasons eg lack of tiansport or lack of knowledge on the mother's part, The

undernoutished ehild is also far more exposed to infections especially of the respnatory tract

due to concomitant overcrowded conditiong?2"#,

Penicillin resistance in ovr study was high at 52%, However, penicillin is still one of the

~ cheapest drugs available and it can still be jreseribed for the treatment of preumonia,
However the idea) antibiotic wounld be celiriaxone (3rd generation cephalasporin) for the
empirié treatment of acute bacterial meningitis. Due to severe financial constraints the
country will not be sible to afford this atibiotic at present. However, niy recommendation to
the Minisivy of I-iealﬂ1 would still be the implementation of a policy that would allow the
adininistration of celtdaxone fo eritically ill patients witl acute menigitis, wrrespective of
whuther the patient conld pay for treatment or not. Such 1 policy will have to be stri ctly
cantrotled. Ifthis is possible, consideration could also be given for cefirlaxone to be reserved

for cases of typhoid fever, gonorrhoea and chaneroid.
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niay have the same propensity to spread aad add to the already high incidence in regions with
8 high endemic prevalence of resistant strains. N

In pnenmococeal disease, fdmmately, these is the prospect of the use of unproved pnermo-
coceal vaccines in the near future, which should cover against high risk petients and speci- |
ﬁcaIIy young children who wonld benefit from the conjugate vaceine™”. Another high risk
group that cduld be targeted are HIV-positive p.atients who are prone to preumocaccal
prewmonia and bacteraemia even when their CD, counts are till high"'._- |

Older children and adults respond well.to the polysaécharide vaceine®, However, the group
which would benefit most front the use of a conjugate vaceine would be children especially
thoge under two years of age who do not produre adequate antibody levels to unconjugated

- polysaccharide antigens,

All of the serotypes idenﬁfiec_i in our study are alrcady present in the polysaccharide vaceine.
but it i3 impottant that the serotypes that are common in Mozambican children should be
represented in the conjugate polysaccharide vaceine. To ensure this, petiodic surveys or

ongoing surveillance of serotypes prevalent in children in Maputo would be required,
55 Problems encowitered duriiig the study and lessons for developing countrics

Due to the high illiteracy levels in the country, it was often difficult to establish whether the
child had been on any medication prior to hospitalization, It was therefore possible that some

children were on treatment when the initial nasopharyngesl swab was taken,

Thete was a possibilty that some of the sisters in the Casualty Department may not have
fallowed sirictly the instructions on the proper procedures fur correct specimen collection.
Most of the problems in this study oceurred {n the Intiinl stages and were corrected as & result

of continuous communication between the SAIMR and cursalves,

There were specific problenis with regard to the colleting of the 6-week post-discharge
swabs from patients, Only 73(18.3%) of the 400 cases presented for the follow-up
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Blood culture § puewmonige isolates

The blood culture isolates belonged to serotype 19F (nineteen isolates) and to types 14, 19A
and 21 {one isolate each). ' : .

One additional blood culture isolate was not typed ag it was lost due to contamination. The

_serotypes found in this study are also common in children of most other countries and the

conjugate pnemococcal vaccines planned for the foture would cover ngainst disease caused
by the Maputo strains"*#%, The farge nuinber of 19F {solates which may also const’ ute a
cluster in the Polana Canico suburb suggest spread of clones within this serotype in Maputo
and DNA fingerprinting of 19¥F isolates could establi-éh whether this is the case.

Improvements in socio-economic status with better housing, living standards and nuteition are

likely to decrease the risk of acquiring pneumcm'm_ in future. The present counditions of

. poverty including overcrowding and malnutrition, however, aggravate the situation by also

increasing the mortality rate of patients with established infections, Matnutrition is especially
commeon in children from 3-5 ycars of age. Breastfeeding is strongly encouraged but the |
commion trend {s that by the time the child is between 2 and 3 years of age there is another
sibling in the household leading to the inevitable disadvantage to older children, There is «
high atrack rate of pneumococeal infection in this low sacio-economic population proup, The
mdrtality rate in such populations remains high especially in rural areas wliere necess 10
antibiotics and approprinte treatment are often problematic, Many children are critically ill.
particu-larfy those with certain negative prognostic features, In the present study the case
futality rate was very low, probably becavse the children were hospitalized early and treated
with penicillin and chloramphenicol which both constitute appropriate therapy in this

popuiation group.

Serotype 2317 has spread widely in Burape and from there to uther continents and countries,
ineluding the United States and South Africa™, 1t is possible that other serotypes such as 19F
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Studies cartied out at the Chris Hani Memorial Hospital showed that patients with meningitis
caused by penicillin-resistant pneumococed treated with.chlcramﬁhenicol did not respond well |
and therefore should not be used in pneumococeal menigitis in regions where the incidence of
penicillin-resistant ﬁnemnouocci is high', This is certainty the case in Maputo.

Presently the third generation cephalospotins, cefotaxime or cefiriaxane constitute the agents
of choice for the initial Eiee_innent of acute bacterial meningitis in infants, excinding the
neonatal period, and older children and adults. Those two agents ate eusy to use and canbe
administered fntramusculaly or intravenously. However due to their high cost it is not
possible to include them in the treatment fegimens listed in the essential drug lists (EDLs) of
developing countries, Their use should be approved nafionally, by governments and
administered selectively for the treatment of meningitis in hospitalised children. |

- With regard to the treattnent of prneumonia in Maputo, penicillin, ampicillin or amoxyeillin

- would be appropriate, despite the high incidence of penicillin-resistant pnenmocoeci®,
However, treatment with cotrimoxazole :aay be problematic as a large percentage of
preumococeal isolates in this study proved to be resistant. The same probably aiso applies to

the treatment of otitis ﬁlediu with this therapeutic contbination™, The use of tetracyclines is

contra-indicated in young children,
54  Pnenmococeal serotypes in Maputo
This study demonstrates the comimon serotypes found in 128 patients, |

Nasopharynges] § puemmnoniae isolates

19F was the most zommon serotype (47,.7%), {ollowed by serotype 14 (14%), then type 23F
(7%}, type 6B and 18 both with 5%, while serotypes 6A. 13, 28, 194, 9N, 7, 21, 29, 5, 10
and 24 also featured in the study.
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