
upper respiratory tract of 30% • 60% of'preschooi chil.lrcu and nearly 2m11 of adults, in the form of

nnsophuryugeal carriers". Its spread is enhnnccd by upper respiratory tract infection und crowding.

Pneumococcal pneumonia develops when local or general immune defenses of the host are impaired.

Most cases nrc endogenous following aspiration of oral secretions containing 1101'111al nora that

includes ,)'pl1C!lIl11onial!. 1>(')I'S01Ho-peI'S011transmission during epidemics OCClll'S by droplet aerosols.

The 1mtiol' virulence factor 01'.0..,'PI1{'1II11011illl! is its untipbngocytic polvsacchnrlde capsule, and stralns

with a thic': mucoid capsule such us type 3 ure especially virulent",

To protect against infection by pneumococci, capsulur polysaccharide type vaccines are now

available, while conjugate polysaccharide: vaccines are being developed for usc in Infants and young

children".

The World Health Orgunil'utioll (WH(») recommends in addition to penicillin the usc of

cotrimoxnzole (trimethoprim/ sulfhmethoxozole) COt' the treatment of pneumoui« in developing

countries, mainly becnuec of cost considerations and its spectrum (If activity, but also because this

combination is uvuilnble in oral form. l Infortuuntely cotrimoxazole resistance ill pneumococcl has

become very common il1111(\I1Y countries, including South Africn' .

.'t' pneumoniae colonlses the upper rcsplratory tract. In developing countrlcs and elsewhere 30-(l()%1

of children me nasnphuryngeal carriers at any 0111.) time". ('oioni/.tltiol1 is 1\101\: common in

childhood. in tho elderly, und in those Iivil1g in closed communitles such as hospitals, rurrsing

houses, day-care centres and other restricted communities".

,)'j1IWtllllOlliw.' attnc!ll.!S itsell'to humun phat'yngc:ll cells through the specific lnteruction ul'buctcrinl

surlace adhesins and eplrhclial 1:c.!11I'CCCplOl'H.Epithdial cell glycoconjugntes containing the

disncchuride tJ;IUCllsl.!-N.acetyl./.lI.4.glllaclose (Ok NAt: HI • 40nl) me thought to serve as the

binding site nt'the buctcrium'", The nature \lrjh~1 bacterial udhesiu is yt.'t to he chal'acll.!rizcd but cell

wall components adhere to human endothelial cells",



CHAI)TEH 1 INTRODUCTION

1.1 World problem of pueumocoecnl dlsease and nntibiotle reslsmuee

Pneumococci were first described to be fully resistant to penicillin and resistant to multiple

antlblotics in South Africu in Durban in 19771 and Johannesburg in 1978:', These resistant organisms

have been shown to creme major problema ill the treatment of pneumococcal meningitis'. Studies

over the last 15 years have shown that these strulns are now also prevalent in 111Hnycountries in

Africa. Asia, Europe and America'. In pneumococcal pneumonia, penicillin 01' I3·ht'.:tnmresistance

is not of great significance us antimicrobial levels obtained in blood and lung tissues considerably

exceed the minimal inhibitory concentrations (MICs) of'these agents, However, in the treatment of

pneumococcal meningitis penicillin resistance is very important where both lntermediatc resistance

with penicillin MICs runging between 0,1 • 1,0 ug/ml and full resistance with MIt's of> 1ug/m! are

very likely to affect the outcome of pneumococcal meningitis if'trcated with penicillin. ampicillin

01' amoxyclllin", At the same time strains with high-levu! penicillin resistance I11UY exhibit

intermedinte 01' high-level resistance to, the third generation ccphnlosporins, ceftriaxone and

cefotaxime'. As these cephnlosporins nrc commonly used in the empiric treatment of meningitis, the

prevalence of high. level peniclllin rcslsrance I11ny also compromise the usefulness of these agents

and treatment with vancomycin, ideally in combination with cclrrlaxone 01' cefotuxime may hnve to
be resorted tot.

Very Lew datu are available on antimicrobial resistance ill the pneumococcus from Africa, with (hI.)

exception of South Africn, Worldwide, npproximatcly 10 million children under five years nl'uge

die from preventable diseases, The majority of these (l)()C)!'I) occur in developing countries.

According to the World I Iealth Orgunisation (WIlD). 4 million (30%) of these are due to acute

tespiratory tract infections',

Orophuryngenl carriage OfpIH!lIl11()( ..ccci is common and contributes to the difficulty in interpreting

the signiilcance of pneumococci in cultures of expectorated sputum, 5']>I1C1I1J101lhw is present in the

1
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evidence of pneumonia, indicating that a positive pneumococcal culture from the nasopharynx in this

study group had H 92(Ytl predictive of rudiologically conflnned pneumonia, Of the 128

nasophnryngeal carriers, 33.6% yielded strains that were fully susceptible to all nntibiotics tested.

leuvlng 85 (66.4%) isolates that W\!I'C resistant to ut least one antibiotic. Sixty-seven strains (52%)

were rcsistunt to penicillin while 28%, 18% and 9.4% of isolates were resistant to cotrlmoxozole,

tetracycllne und chloramphenicol, respectively. Approximately % of strains were mono-resistent,

i e, resistant to only one of the tested antibiotics, while the same proportion of isolute« were resistant

to more than 1 of the antibiotics tested, Antibknlc-resistent pneumococci were significantly 11101'e

common ill children under 3 years of age as well us in children from lower socio-economic

surroundings as evidenced by domicile in straw buts as opposed to cement hcuaes. The most

prevalent serotype was 19}<'(47%). followed by serotype 14 (13%) and then by serotype 23F (7%),

The largest numbers of children with pneumonia came from Poluna Canico, an area of very low

socio-economic status, and Matola suburbs, Of the 51 children Ihl111 the former suburb. 36 (71%)

were curriers and of tbesc 3 J (86%) WCI'Cresistant to one or I1'01'e antibiotics, The vas! majority of

these resistant strains belonged to serotype 19F,

There was nil excellent correlation with regard to the serotype lind antibiotic resistance patterns of

nasophnryngeai pneumococcal cultures compr.red with blood culture isolates 11'0111 the same patients,

Seventeen of the 22 avrdlnblc blood culture isolates (72°AI) were rcslstunt to penicillin, Of these 13

belonged to serotype 19F including 5 strains that were, in addition, resistant to cotrimoxuzolc. Many

of the children examined 6 weeks alter dischargc from hospital have lost their nasopharyngeal

pneumocucci and 67% of those that remained were reslsrant to antibiotics,

The high rate of penlcillin resistance in Maputo children suggests that penicillin and

chlomrnphcnicol treatment of'meningltls caused by ,",'PII"lll1lOnia(' would be inappropriate but thut

peniclllin should still he highly efficient 1'01' the treutment of pneumococcal pueumonlu, because of

high lewis of penicillin achieved in the lungs of patients. The relatively high rate (2RO/b) of

cotrimoxuzole resistance is u matter of concern as this nntlnucrobful combination is reconunended

1'01' the treatment of pneumonin in developing countries.
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ABSTRACT

Tln, t(; carch I'CpOl't represents a study to determine the prevalence of antibiotic-resistance of

pneumococ ...i .Ind their scrotypes in Maputo, Mozambique in children under 5 years of age, who

were admitted with pneumonia in the Paediatric Unit at the Hospital Central de Maputo. The

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

Pneumonia remains n common and important problem worldwide; acute resr iratory infection,' (ARI)

arc extremely common, partlcularly in children, ARI constitute the 0111y group of lnfectlous diseases

ranking as CU1.ISCS of death umOllr the top 3 in developing countries. as well as the top 1(J ill First

World countries,

For the study, medical and nursing staff were trained ill the npproprinte collection of specimens, A

technologist spent 2 weeks at The South African Institute for Medical Research (BAlMR) to acquire

experience ill modern laboratory -nethodologies relating to the proposed study, There was constant

communication between the Maputo and SAIMR laboratories.

Objectives (,1' the study included an assessment of'the nnsopharyngcnl carriage rate of.)'/l'eploCoc.'ClIs

pneumonlae in children under 5 yenrs of age hospitalized 1'01' pneumoniu at the Hospital Central de

Maputo. Secondly the study was geared to determine the antimicrobial resistance patterns of

pneumococcal isolates by the disc diffusion and minimum inhibitory concentration rM[(') methods

and finally to establish the serotypes of all the strains isolated ill the study. Blood cultures Wl~J\.1also

performed 011 ttl! the children admitted to the study and the serotypes and antibiotic resistance

patterns of these isolates were compared with those from the nnsopharynx of the same children.

Nasopharyngeal carriers were, where possible, followed up 6 weeks after discharge from hospital

~oassess possible effects of'hospitalizatlon Hill! antibiotic treatment on nasophnryngeai pneumococci,

Four hundred children tinder live years or ugo who presented with pneumonia and other entry

criteria were included in the study,

,"t/'(fptocOC(,U.I'PIIC'lll/lOlIia(' was Isoluted Irom the nasophnrynx of 12R(32%) of the children. An X-

my examination was pcrfbrr: .ed 011 122 of the 128 nasophmyngcul culture positive children. One-

hundred-and-twelve of the 1:22culture-positive children who were X-rayed showed radiological
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2.5 Assessment of clinical presentatlons of children with pneumonla

On arrival in the hospltal, the accompauylng parent/guurdinn was asked the following questions:

Patient's name. age, sex. tribe, region in which the child resides. the type of hnhitatlon and the

number of children tinder the nge of S yeurs in the household and whether the child was 011 uny

medication, The uceompanying forms (page 13 & 14 I were completed for each new putient,

Informed consent was obtained for the child's entry into the study,

The clinical examinatlon consisted of:

Measuring of'the chllds'jempemture axitlery 01' orul

chest auscultation was established 011 each child to determine the respiratory rate and

respiratory sounds (line crepitus not cleared by coughing und/Ol' bronchial breathing),

the child was examined for till) presence 01' absence ul' intercostal retrnction

the childs pulse rate WUH determined

an X - Ray cxnmlnntlon of the chest wa« performed on each ofthe children

the child was then weighed nnd its height wus determined.

MO!litol'illg ,d patients in hospital comprised:

Tcmpcruture (axillury), 6· ourlv

pulse and respirarory rate. 6·htlUl'ly

chest uusculta i''l1lUorning and ulternoon
presence or absence of chest (intercostal) rctructiun morning and ufternoo».



children) anti Alto Mae (30 children).



TABLE 2.1 Numbers (~f'Patient.l' Residing 11111H!l 'I Suhurhs OfMaputo

Zone Suburb Number aj'patients

A HAIRRO FERROVIARIO
B MAXAQUENH
C MATOLA
D MALANGA
E MKADGUINE
F BAIRRO CENTRAL
C; ALTO MAE
[I MAl, ALALA
I MATUTUlNE
.f HULENE
K CIIAMANCULO
L MICllAFllTINE
M PATRICE LtJMUMBA
N LAULANE
o INFULENE
P COSTA DO SOL
Q 25 DE ,rUNIIO
R AERPORTO
S POLANA CANIe'O
T NIIAGOIA
U MAVALANE
V n.rAVELA
W POLANA C1MENTOIIt
X BENFICA
Y JARDIM
Z MALl IANGALENE
I lnknown or outside of Maputo

"I
15
45
17
l)

12
:10
4
:l
7

15
7
[0
5
7
I)

5
6

51
3

11

TOTAL
lit Hospital Central de Maputo in this suhurb

,wn

From Tahlc 2,1 it is clear that most I.!USl~S carne from Polunu Canicn (~1 children). Mntola (45

10
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Respiratory sounds- Fine crepitus not cleared by coughing and/or bronchial breathing.
Chest X-ray 011 admission
Rowin" investigations 011 admission

Total white cell count (Wee)
Blood cultures
Nasopharyngeal swabs for culture

Age, S(}){, antibiotic exposure, reaS011 for hospitalizmion and duration of hospitalization of

each individual child were determined anc 'ecordcd,

2.3 Discharge criteria

Absence of fever for at least 24 hours
Ability to feed by mouth
Absence of chest intercostal retraction
Respiratory rate normalised

2.4 Gengraphlca! distribution of children in study

The Hospital Central de Maputo is an urban general hospital situated in the centre of the suburb

Polana Cimento. This busy hospital has 1500 beds, anti serves a very large community.

On the following page is n 1110P of Maputo, where the study was undertaken, indicating the different

suburbs within Maputo (I\-Z). The locution ofthe hospital is denoted by n "**".

Table::U lists the suburbs of Maputo and indicates where the children in this study came from.

Accurate population figures arc not available. Results of a sensus which ended on the 1~ August

1997 have not yet been released, The previous estimate was n populatlon of 15 000 000
countrywide",

8



2, To determine the antimicrobial resistance patterns of both nasopharyngeal and blood culture

isolates of Streptococcus pneumoniae by disc diffusion methods with confirmation of

resistance by means of minimal inhibitory conceutration eMI C) determinations,

3, To correlate blood culture and nasopharyngeal isolates Irom individual patients in order to

assess the predictive value of'ncsopharyngeal isolates as causes of the patients' pncumonla.

4, To determine the pneumococcal serotypes with the view of possible incorporation iI1tO

polyvalent polysaccharide vaccines in the future.

5. To retest carders ()weeks after discharge 11'0111 hospital to detect changes in carriage rates and

antibiotic resistance patterns following hospitalization and treatment for pneumonia,

6, Tmnsfer of technology learnt at the SAIMR to Mozambique in order to improve laboratcry

techniques used in Maputo,

Although the study was not specifically designed to assess the clinlcul manifestations of

pneumonia in Maputo children, these were recorded, Some potential risk {helot's for

nasopharyngeal carriage of penicillin-resistant ,)' pneumontae lind the development of

pneumonia in these patient population such as age. nutritional status, fumily size and socio ..
economic conditions exposure were also assessed,

2.2 Inclusion cl'itcl'in and tests 011 admlssion

Di(/~I70stiL' cl'i{"I'ia./iJl' inclusion into tile' .l'lmb'

Aged more than one month of age but less than 5 yours old
Pyrexia
Confirmed diagnosis of acute respiratory infection:
Respiratory rate ubnorntal

7



CHAPTER 2 DESIGN OF MAPUTO STUDY

In order to gain an indication of antibiotic-resistant ,)'lrepIOC(}CCIiS pneumoniae in a community,

resistance patterns of nasopharyngeal pneumococc ..in children under 5 years of age, who 1.11'eknown

to have a high carrier rate in this anatomical site, ..ould be determined periodically ill order to detect

changes in antimicrobial resistance':".

PM1I1l10COccal disease can be prevented by iuununization in adults using a polyvalent polysaccharide

vaccine and conjugate vaccines are being developed and evaluated for efficacy in infants and

children",

It would therefore also be useful to determine the serotypes of these nasopharyngeal pneumococci

in order to ascertain whether the serotypes present in the vaccines currently being developed would

he relevant to Mozambique. With this backgrc.md, it was decided, following discussions with

Professor K P Klugman of the South African Institute for Medical Research (SAIMR),

Johannesburg, to conduct a study in Maputo. examining the nasopharyngeal isolates of children with

pneumonia being admitted to the Maputo Hospital with regards to their antibiotic resistance patterns

and serotype profiles.

2.1 Aims and objectives of tho study

Ihe two rnuin nims of the study were to determine the antibiotic resistance patterns of'

nnsopharyngea! isolates of Streptococcus pneumoniac in Maputo children, us well as the serotypes

prevalent 111 that paediatric population.

Within these aims. tile fcllowing objectives of the study were identified:

1, To determine the nusophuryngcal carriage prevalence rate of Streptococcus pneumaniac in

children with pneumonia hospitalized ut the Maputo Hospital.

6



present with severe malnutrition associt.. ,I with other pathologies. Malnutrition is manifested us

kwashiorkor, marasmus, and very low weight. Of the vitamin deficiencies, pellagra is the 1110st

prevalent followed by xerophthalmia, bert-bed and scurvy, the latter being the least c ! m11011.

Anaemia due to iron and folic acid deficiencies 1Salso VC1'y C0111111on.Parasitaemias and other

infections occur frequently and nrc all interrelated in this vicious circle": 1("

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 a

case fatality rate 1(;,8%. (These statistics were kindly provided by the Hospital Central de Maputo

adminiatratiou), Deaths were mainly caused by gastroenteritis 01' respiratory infections, including

tuberculosis while malaria was also responsible for considerable mortality,

As antimicrobial therapy is life saving in severe pneumococcal infections it was decided to establish

resistance patterns in nasopharyngeal isolates of S pneumoniae 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 paediatric wards at the Hospital Central de Maputo over a period of ~o
months (August 1995 - April 1997) to investigate the incidence of antibiotic resistance in S

pneumoniae in Mozambique and to determine pneumococcal serotypes prevalent in this country,

5



The pneumococcal equivalent to the C~polysaccharide found in strains of different species of the

Streptococcus g~t1\.1S is a teichoic acid constituent that contains choline phosphate and is covalently

linked to peptidoglycan on the surface of the cell wall. This antigen is C0111111011 to all Sqmeumoniae

strains",

The most common illnesses caused by S pneumoniae arc pneumonia, meningitis, bacteraemia, otitis

media and sinusitis. These infections arc 1110reprevalent during the cold winter month, and in

patients with predisposing factors such as viral infections, bronchitis or other chest infections, heart

diseases, liver diseases, a history of ueavy drinking, head injuries, malignancy or spleen

abnormalities",

The diagnosis of pneumococcal disease is confirmed by isolating S.pneumoniaiJ from specimens

ftom normally sterile sites such as blood, cerebrospinal fluid (CSF) and the middle cur. They may

also be isolated from carriers using nasopharyngeal swabs and the sputum and nasal sinus secretions

in patients with pneumoniu and sinusitis respectively",

1.2 Background to pneumococcal disease in Maputo and Mozambique

Childhood mortality in Maputo is one ofthe highest in the world. The major causes of morbidity and

mortality in this age group arc malnutrition and infections diseuses such us diarrhoeal diseases, acute

rcspl-ntory Infection and cerebral malaria, The mean monthly admission rate to the Hospital Central

de Maputo ofpatients with acute respiratory infections is 338 cases PCl' month with II esse fatality

rate of 2.6%. (These statistics were kindly provided by the Hospital Cl.'/'.~rul de Maputo
administration).

Mozambique is one of the poorest countries in the world. still currently suffering the consequences

of a long war that tragically affected the most vulnerable. ie, children under 5 years of age.

In Maputo many of the children admitted to pucdiutrie wards at the Hospital Central De Maputo
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Those persons who have a diminished capacity to form antibodies eg young infants. patients infected

with the human immunodeficiency virus (HIV) or individuals lacking specific antibodies to the

colonizing strains, remain susceptible as long as they are colonized and have subminimal levels of

the specific antibodies. The exact duration of colonization with Spneumoniae is unknown, but is

estimated at approximately 1• ~months in children 12· 18months-of-age, being longer in people

with low 01' non-existent levels of antibodies against the S pneumoniae strain concerned, such as in

infants and young children",

Pneumococci produce a haemolytic toxin, called haemolysin, which is related immu 'lOlOl!i'''.:ly to

the oxygen-labile haemolysins of beta-haemolytic streptococci. The pneumococcus also produces

a toxic neuraminidase which is released during autolysis",

The bacterial capsule acts as a virulence factor of the organism. This capsule may prevent or delay

ingestion of pneumococcal cells by phagocytes, The capsule is made up of repeating

oligosaccharides that are synthesized within the cytoplasm and polymerized by transferase that are

bound to the cell membrane".

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

host phagocytic cells in the absence of anticapsular antibody and complement",

The mechanism that allows the capsule to prevent phagocytosis is uncertain, It is still uncertain what

levels of anticapsular antibody protect a human subject against the ordinary pneumococcal challenge,

Capsular polysaccharides permit the classification of Sqmeumonlae into 90 different serotypes. Some

serogroups/types ego 1, 2, 3, 4, 6. 7, 8, 12. 14, 19, 23 are more prevalent than others and are

associated with increased virulence. The SCl'OtYPl:S 6A. 6B. 14, 19A 19F and 23F arc common in

children and also exhibit a tendency to acquire penicillin resistance.
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members may have experienced problems in collecting; swabs from infants and the younger

children. I',: the process, they may have failed to reach the uasopharynx via the PC;;{·11[ls1l11'Otl!t.'.

resulting ill suboptimal specimens.

The geographical distribution of children entered into the study is glven in Table 4.2.



CHAl)TgR 4 RESllLTS AND ANALYSIS OF DATA

A total number of 400 children were included in the survey, These children were admitted to the

Hospital Central de Maputo between August 199:1und April 1997,

All the admisslons presented with the lllnnm~statinns OJ' pneumonia discussed earlier.

4.1 Nnsopharyngcal carriage orS jJIIL'IIIl1{}/lfcw

The numbers of putlcnt» cllrrying pneumococc! were divided into the following uge groups in

1',lhll') 4,1.

TAB.LB 4.1 Dlstrtbutlan {!/jm(,lIl11occ)cca/ carriers Clccol'ding tl) age

Age group Nasopharyngea! Percentage Total No

number curriers (%) of children
(mcnrns)

~,; 1 H (l~ C2S.1 ) 224
19 - ~(l 19 (24.7) 77
37 - (l(J 46 (46.5) 99
/\Il ,f; (J() 128 (32.()) 40()

'l'ltc currlage rates in the two ;= .1()mouth» age gl'llUI'S were lower thnn in the older children,

These lower-than-expected rate;.;mny have been as a result or I'\llll' technique cmployul hy the

nursillg slulTwho took the swabs, Although trained in the correct procedures, these staff
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3.3 At the South At'l'icnn Institute 1'01' Medical Research (SAIMR)

After the specimens were collected and processed in Maputo and the pneumococcal isolates

tested by disc diffusion for antibiotic susceptibllity us described above. all isolutes were

transported ill duplicate on Dorset l!gg and Churconl Trnnsport media to the Microbiology

Lnbor=tory of the Department of Medic al Microbiology, South African Institute for Medical

Research (SAIMR). Ilcrc the isolates were subjected to confinnatory MIC testing and

serotyping using nncumococcal typmg sera from the Stntcns Serurninstitut, Copenhagen.

The luborntory form used in Maputo (page 24) was completed for each new casu, and was

submitted to the SAIMR together with cuch isolutc which required confluuation us well (1S

uddltlcnal labomtory work.



1A1JLB 3.2 NC'( '/,,)'rejerctu» Ml;' values indicating ch'l-f.l·('£,.\'(!lrC'sisIClJlCe17

MJ(, range in ~lg/l1ll dmlOting

\J'l'lBIOTIC Sl is( 'hPTIBLF. [NTERMEt)JATI'; Rl';SISTAN'J'--------------------------------
in o.O() , ll.] • I

Ch(mumpilcnicnl ' ..4

'I'etracycl inc

1~I'yt!.'·(\mycin ~.".0,25 0.25· o.s

( 'lindlllllycin 0.25 • O.S

Ril1111\picill t. I

Cotrlmoxazole I'!... ,I

(I) Ih:pl'cssl.!d in terms of trlmcthoprlm contpnnent

3.2.3 mood cultures

Afte!' 1),.1~24 hours lncubution at ~7"(' the blood cultures were subcultured onto chocolute tlgHI'

plntes which wen: also incubated tit 37"('.

Tsolatioll. Identiflcntion and susceptibility testing were carl'ied out ill the sume way as m\')l1tiOl1cti
above for nnsopharyngcal swabs,



After the required period of incubation. ~t;18 hours. when bacterial growth became distinctly

visible. the minimum inhibitory concentrution (MIt') value at the point of intcrscctiou between

the zone edge and the Etest strip was read,

Minimal Inhlbitory Concentrution (Aile', detenninations

All isolates were retested at the SAlMI{ by the broth dilution method to determine their MICs,

The NeCLS guidelines were followed ill the performanee of'these assays", This test dcrermlnes

the lowest eoncentrntion of antibiotics measured in Ilg/ml that would prevent the illvitro growth

of the specific bacterin,

This procedure was carried out using a mlcrotltrc method and growth inhibition at the lowest

concentration of the specific antiblotic was taken to be the M[C.

The critical MIC coucentratious, also known us breakpoint concentrations, denoting susccptl-

bility nnd intermediate und full resistance, ure given in Table 3.2.



Zones of inhibition in mm denoting

ANTIBIOTIC SUSCEPTIBLE INTERMlmlA'I'E RESISTANT

OXACll,LlN >21 13·19 <13

(,IILORAMPIIENICOL >19 15-19 <14

'!'ETRACYCLINE >19 14·19 <.15 1

ERYTHROMY('IN :·20 1(1·20 6 ,..iI,

CUNDAMYCIN >21 19·21 ':1')

RIFAMPICIN ..·20 . 20

C'OTRIMOXAZ()I,B >19 16·18 ·:15

Etest lJ1('t/wd%gv

All penicillin-resistant isolates us determined by thl! oxacillin disc diffusion test, us well as
cotrimoxnznlc-rcaiatunt isolates, WI.!I'l!further tested using HIl Etest (Ab Blodisk, Solnu, Sweden),
us dcacribed by Jorgensen ot a/IN,

Inoculum prcparaticn uud inoculation d~~nsilywere t\!'i for disc susceptlbillty testing, l·:test strips

W\!l'C applied to the surface of a completely dry Mueller Hinton lnk!.!,l blood ugur or sheep blood
ugnr plates. Plates were incubated tit 35"(' 1'01' 24 hours.



Using aseptic techniques discs containing the following antibiotics were placed 111'1111y on the agar

surface of the respective blood agar plates:

5% sheep blood "gal' Mueller Hinton luked blood agar

Oxacillin (1 ug)

Chloramphenicol (30ug)

Tetracycline (30ug)

Erythroruycin (lSug)

Cllndurnycln (2ug)

Rlfamplcin (5ug)

Cotrimoxazole (25ug made lip of

trimcthoprim, 1,25 ug and sulfumethoxazole

23,75ug)

Plates were incubaied overnight at 35"(',

The presence of u definitive zone of inhibition for each antibiotic (SCI.) following table) was regarded

us susceptible.

S jI,'l C!un 1011 tae ATCC # 49619 was used 1'01' quality control ptU'POSI.)S both for the optochin ,IS well

us the susceptibility testing.

These control procedures were put up concurrently, 01111 weekly basis, The zone sizes (expressed

in 111m) which wen; used as interpretation guidelines are given in Table 3.1,



3.2.1 Nasopharyngeal swabs

After 24 hours incubation, the blood agar plates with gentamicin were examined for typical colonies

of ,r.,'pm'lmwltlae, producing alpha-haemolysis and exhibiting a draughtsman shape (colonies that

nrc mucoid or flattened with a depressed centre.)

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

confluent growth and an optochin disc was placed in the centre.

The blood agar plate was incubated for 24 hours at 37"C. A zone of inhibition ofat least 14111111

around the optochin disc was regarded as typical of S pnetunoniae.

3.2.2 Antimicrobial susceptibility testing

The antimicrobial susceptibility test employed the Kirby-Bauer technique and was perfurmcd

according to the National Committee for Laboratory Standards (NeeLS) guidelines" A suspension

of the overnight growth was prepared in peptone water, equivalent to n 0.5 Mcl'arlund standard. A

swab from which the excess fluid has been expressed was used to inoculate as uniformly us possible

one Mueller Hinton laked blood agar and one 5% sheep blood agur..
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The paediatric ward was visited on a daily basis by myself 01' a laborutory technologist.

Daily temperature checks were performed on the incubator and the refrigerator containing

the media, We ensured that all instructions given at the outset of the project were being

followed. Replacing and/or replenishing stocks of media was carded out by ourselves.

3.2 In the laboratory

Pneumococci were Identified in the routine microbiology laboratory by the following procedures:

1. Gram-stain: gram-positive. lanceolate-shaped, capsulated diplococci that may 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 haemolysls

3. Culture: S.1mellmoniae grows best on chocolate (heated blood) agar. incubated in a

carbon dioxide enriched atmosphere. Sqmeunionia« is catalase negative.

4. Identification: Pneumococci me soluble in bile salts, and are susceptible to ethyl

hydrocuprcine hydrochloride (optochin), In this study only optochin susceptibility

was used to identify the strains. Using u 6111111 disc. a ZOIW of inhibition of at least

14111111in diameter is indicative of susceptibility,

For children with acute respiratory infection it is essential that the clinical specimens

he collected before untimicrobiul therapy is begun, and all specimens should he

11l'()eessedin the bacteriology lnborutory as soon tIS possible. Instructions to effect

these mandatory steps were giver; and generally adhered to.

1.7



CHAPTER 3 PROCEDURES FOLLOWED IN THE STUDY

3.1 In paediatric casualty ward

On admission to the casualty ward and upon confirmation of the inclusion criteria listed in chapter

2, the following was done:

1. A calcium alginate nasopharyngeal swab (Calgiswab: Inolex Corporation) was taken 11'0111

each child using the pernasal route

2. A blood culture (Oxoid Signal Blood Culture System) was taken 011 each child m the same

time.

3. On completion of the nasopharyngeal swab and the blood culture the chile! was immediately

started on antibiotic therapy ( procaine-penicillin).

4. Trained nursing staff were responsible for

plating the nasopharyngeal swab directly onto a blood agar plate containing horse blood

and 5~tg/1111of gentamicin. These plates were incubated fer 24 hours.

incubator in the paediatric casualty section of the hospital.

, ill the

putting the blood culture bottles in the incubator ill the ward immediately after they had

been collected.

5. The blood cultures were incubated ut 35"(' for 24 hours in the incubator in the paediatric

Casualty ward,

16
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2.6 Laboratory investigations

a) Upon admission the following specimens were taken on each child prior to the administering

of antibiotics:

A calcium-nlginate swab (Calgiswab: Inolex Corporation) was used to collect a

nasopharyngeal specimen

5~10 ml of blood was collected and placed in a blood culture bottle (Oxoid Signal Blood

Culture System) immediately

5 1111 of'uncoagulated blood was collected for u white blood cell count,

h) On discharge the parent 01' guardian of the child was requested to bring the child back 6

weeks later if the nasopharyngeal swab proved to be positive.

At this stage a final nasopharyngenl swab using a Calglswab was to be taken.

15
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4.3.3 Antibiotic resistance patterns of'nasopharyngeal isolates

or the rcxistunt strains, 43 (51 tyo) were mono-resistant ..13 (:l9()"0) were resistant to two drugs

and 9 (11%) isolates to 3 nntimicrobinl agents. The various antlmicrobial rosistuncc patterns

and their corresponding serotypes are given in Table 4.9 al1tt Table 4.10. The incidence rates

of resistance to penicillin. cotrlmoxuzole. tetrucycline, chloramphenicol. crythromycinc and

rifampicin were 52%, 28%. 18%.9.4%. 1.2% and 1.2t),o. respectively.

4.3.4 Serotypes of'S pneumonlae

The SCl'OtYPCB of'thc pneumococcnl lsolntes from the nasophurynx und blood of children with

pneumonia nrc given in Table 4.11.

or the 23 blood culture isolates. 22 were uvuilublc for serotyping and antibiotic susccptibllity

testing. The comparative data of these isolates und strains Isolated from nasophuryngca!

swabs me given in Table 4.9 and Table 4.11.

Only one isolate from the blood culture group was shown to be ditlcrcnt from tlw

corresponding nasophurvngcnl isot.ltl' This flnding suggl!!·;tsstrongly 11m! nasnphatyngeul

swab results arc likely ill u large percentage of cases to reflect the PIWUl11or.:m!ClIS causing

Invuslve pulmonary pathology il1casus ot'pncumococcul pneumonia. In ~'as~'s0('11011"

pneumocoecul pneumonia some nn. .pluuvngeul swabs mayor COlll'SC stil] yic.'ld positive

pneumococcal cultures,

With regurd to the antibiotic ;Hlscl.!ptibilily rcsults ( r lhl.l::!2uvuilahle blood culture isolal ·s
17 (7:![!'(I) were resisrnnt to peuicilliu while live (2;,\(~u1were in ..ddition also resistant to

cotriruoxazolc. 'l'he corresponding serotypes \VCI'C 19F ( II) isolates) and 19A, 14 and 21 (all

one isolate euch) while 11IK'blood culture isolat~' was contaminated und COUld 110t he lypl.!d 01'

tested lor drug susceptibillty,



TABLE 4.8Alltibiotic resistance illl1aso]Jlull~\,llgeal isolates (l/,)'PIIl'1I1110Ilia('/hllll Maputo chlldren

Disc diffusion results

1 R? (%)

Antibiotic Etest results (only strains resistm« on
screening WCI'I! tested)

R{%) I R(%)

.~---------------------+------------~---~--.--~~----~----~-

126 1 Not dOJ11!

_____ .J- ~:_ ~_ll_t '_l<_m_c, ....1. Not dOll_I! _,

Oxac illil1/pcnicill ill 57 \45) 16 (13)

Tetracycline 18 (14) 7,5)

Cotrimoxazole 2+(19) <) (7)

Chloramphenicol 4(3.1) 8 (6)

El'ythml11ycin/( 'lind.unycin :2 (1.6) ()

Rlfumpicln :2 (1.6)

Fully I'csiSlilllt
2 Intel'lllcdiat,!ly reslsnuu
3 Sus,'eptible
4 Tlltulnulllbc; of'struins ~h\)win1t l'csbtnncc

55 1 ((l.Il) M (52) (17(52)

103 20 (l()) 3 (2..1) 23{ J 8)

95 33 <:26) ,1 (2) 3(,(28l

116 Not done

:3 't

17(1.3) 54 (42)

Not dOllC

21 (16) o
Not done

Not done

Total tested

73

, .
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4.3.2 Antibiotic susceptibility tasting

Once confinued as ,)'pn('ul/1(Jl/iaL', antimicrobial susceptibility testing was perform«! on nil

isolates,

()11 screening 1'01' resistance Oil disc diffusion testing. nil penicillin- und cutrimoxnzolc-

resistant isolates were retested by Etest ill Maputo whil« Ml(' dctcrmiuutlons involving these

two untibiotic», as well as tetracycline. were performe! on all the isolates at the SAIMR in

Johannesburg. The nntibiotlc susceptibility results or the nnsophuryngca! isolates arc shown

in Tnble 4,8.

Bused on MIt' conflrmatlon otrcsistancc findings. th!.!incideucc nf'punicillin reslstance WUH

52% (,\ emll with only n,S% of'the carriers hnrholll'ing fully reslsrunr stl'lIins while all but one

isolate was lntcrmcdintely resistunt to this antibiotic. These penicillin resistunce datu ttlso

reflect those of ampicillin nnd nmoxycillln which exhi bit MI ('H sinllur to those of' penicillin

in the case of Spncumanlui: isolates,

Resistance rates to cotrimoxuzolc, tetrncycline und chlorampheulcol were 2HO!o. 1HI!!, und 9u/i,

rcspccrivcly. while those to the other antimicrobial ,1gclltS. includlug orythoromycin,
clindamycin und l'iihmpi.;in were low (Ics/{tlwn.1'!io).

The Etcst results compared very well with those of the Mlt.' dcterminuttons while the disc

diffusion tests performed ill Maputo tended to overestimate reslstnuce,

4.3.2.1 Age-relnted carriage of antlblotic-resistnnt pneumococci

From Tuble 4,6 it can be seen that there was a much higher prevalence uf'unribioric resistnnt

pueumococei in children h.'ss thun three yenrs Ill' Hg\,)(75 out of H2: 911~il)compared with the

older chlldre» (10 out of 4(): 221!i,). The dilferencc Wlli-l hiJ:.\hly sit1l1ilieant (1) '.(),()() 1: Chi.
squared. Yntcs corrected).



TABLE 4. 7 1)1](1,ofhousc ill relation to t'CII'J'iage of Sircptococous pncumoniae

CUt'L'lI.)l' status Cement house (11) Straw huttn) Unknown Totaltu)

------------------------------------------.-----------------~------
Non curriers 108 148 1() ::!72

47 54 '27 128

22 (47%) 45 (831~O) 18 «)7%) 85 «(>(11)0)

Carriers

I) Carriers of urulblotlc-reststant pneumococcl wlth percentage ill group in brackets

01'th(,)47 pneumococcal :>lrninsfrom carriers who lived in cement houses, 22 (47!!f() W\;)l'C

resistant <IS opposed to 45 resistant strains out of 54 carriers (83%) who lived in straw huts

(P"'<O.OOl; X2 13.4, Yu1Cs corrected). These findings suggest that the antibiotic resistance

was more likely to OCCUI' in children Irom poor households who live in straw huts compared

with the prcsumnbly higher socio-cconomlc group living ill cement houses.

4.3 Cluu'acterlzation of pneumococcal lsolntes

4.3.1 Isulntinn lrom uasopharynx IIIHl blood

As previously mentioned, nnsopharyngeal specimens were initiully cultured for the PI'CSClH:C

or S 1'11t'I/ll/()lIlcw only,

All lsolotes were then confirmed by vorlous lnborutoty methods,

(>f the 128 CllSCS who lnul S 1'1/{'1III10lIiac is(llnt~'d from nusophuryngcul s\vahs. 2~ ( 1!U)(~;11 in

ndditi'll1 had thl: ()l'gnllisl1ll'l~cowl'ed Irom blnod cuiturcs, No blond culturc-positlvc children

had a ucgutive nusoplutryngcu! culture. The overall posltlve hlood culture mil..'in tile 41)0

children with pneumonia was 5,H'!i(l.

J l':
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The prevalence of pneumococcal curriers in diflerenr age groups and the average number of

children under the age of 5 years in the respective households, arc given in Table 4,6,

T.ltBLB 4.6 Relationshtp h,'tll">(!11 carriage and householi! size--_---.- --_._-----_.------_._-_.,----
Ag ~Group
(mmths)

Resistan:
S pneumoniue

Curriers (~lO)in No of children Average No, of
group in age group children in

household

19·36

~ 37 io (22%)

TOT ~41.l<:: ()O

(l3 (2R~i(J) 224

1!) (25~iO) 77

46 (47%) 99

128 (32(!I(,) 400

3,9

4.3

4.0___ -_. .,.. _
The children OWl three YI.'l!l'S of age came ii'Ol11slightly larger fumilies and their pn(~\1l110-

coccal carriage rate was uppreciubly higher than in til!.!younger age groups. On tho other

hund, the ymmgel' children hud u much higher curriugc rate of untiblotic-resistant strains (l.ieu
Suction 4.4.2.1 )

The typu or habitation of all children \VIIS divided into 3 categories lc, cement. straw hut and
unknown, :l(no of children l'l)sidcl! in a cement abode and S1I),) in n straw hut. Informntion on
43 (1111,[,)of'the children was uuavuilahle, (Iuble 4.7),

• J
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On unalysis of the weight by age and based on percentile charts, malnutrition in children

fhlJing under the third percentile level OCCUlTed mainly in children between 13 • (>0months of

age, The better nutrltienal status of infants less than one yCUI' of age probably relates to breast

feeding which is practiced extensively in this age £I'O\\p. The culture-positive ehildreu

(carriers) weighed slightly less than the culture-negative children and the differences ill

weight between the two groups was again most notlceable in those 13 • (l() months of age,

A health card which is used for nil children ill Mozambique is illustrated on page 33, Till!

pcrccntlle (1).111" p~{))is used as tU1 indicator of the nutritional status ofthe child, When the

child's weight was <P,1land this Ill:\~ll'ewas less than (J(Ph!ofthe P~IIfigure tsee chart), the
child was considered to have murnsl11tlsllJ,,'u,

These criteria arc J1101'1.l useful for the assessment of the individual hccause it is generally

nccepted that the decreases for the age may be evidence of previous 01' chronic mulnutrltion

and decreased weight fbI' height may be evidence of recent or relutlv, r, acute onset of
111(l1I1lltl'itionllJ,211,



In Table 4.5 height and weight data relating to the nutritional status of children are recorded according to age groups. The last column indicates

the ideal weight, which is based 011 u chart reflecting the relationship between age, height, brachial circumference nnd weight.

TABLE 4.5 Age-related height and weight measurements

Age group
(months)

No. of
children
culture
positive

Culture positive group
Mean and range

Height (em) Weight (kg)

All children
Mean and range

Height (em) Weight (kg}

Ideal
weight
(kg)

18

34.9 (48-50) 6.1 (5·7,2) 34,\) (48.50) 6.1 (5·7,2:, 5,0

(l(),2 (55-69) 7,3 (4.5·9.8) 61.1 (55-85) 7.6 (4,5·9.8) 8.2

81.6 (54·93) 8.8 (3.9·12.8) 79,9 (54.98) <).3 (3.9-12.8) 7.5

87,0 (65·102) 10,2 (7.3-14) 86.3 (65·110) lO.O(7.2·15,8) 10.0

PO.l) «o-n 0) 9,7 (5.5·14) 81.3 (60.110) 10.8 (5.5-14) 12.0

()4.'J (82·1(I(») 10,8 (9.5-15.5) (}2.6 (76"106) 11.2 [7.5~15.5) 14.0

~3.4 (95·114) 12,2 (12.9-15.5) 85.6 (9()·114) 1..f..8112-17) 15,8

3

4·6 l)

10 - 12 21

13 - 24 31

25" 48 38
49. (10 8

31



TABLE 4.4 Chest X~l'ay.tll1dings
.. _ .., _"' "" _ ~ M' "' _ ooj __ "" _ X ..

ray findings I No. of cases with positive x-ray flndings

Culture -
Positive

Culture-

Negative

Lett upper lobe ~()(31%) 78 (30%)

Left lower lobe 50(41%) 48 (19%)

Right upper lobe 16 (13%) 56 (23%)

Right lower/middle lobe 1() (8%) 30 (12%)

Bilateral pulmonary 48 (39%) 18 (7%)

Normal 10 (8%) 48 (19%)

Not done/Not available 6 (5%) 24 (lOt!!;')

Number x-raycd 122 (95%) 248 (91%)
..................................................................... "' ~ "' - ..

(1) More than I lobe were involved in some pHticl1tH

Ofthe 128 carriers, X-l'flY cxaminntion of the chest wns performed on 122 nod 48 showed

biluteral pulmonary involvement (39.3%) compared with only 18 out of24R non-curriers that

were X~rnyed (7,3%). The difference wtUl statistically significant (P<{).OOl: Chi-squnrcd, Yutes

corrected). There were, on the other hand, only J 0 normal X-my findings ill the currier group

(8.2%) us opposed to 48 (19.4%) in the non-currler group. Lower lobe Involvement occurred in

60 (49%) of carriers as opposed to 78 (31%) in the non-currier group, It is inlel'llSling that 112

out of 12211l1eul11onincases with u positive nusopharyngcal swab from whom x-ray findings

were avnilnblc showed an abnormal x-ray finding giving u predictive value of 9:"% far u positive

rutsopharyngeul swab. The specif city, sensitivity tint! negutlve predictive indices of

nasophuryngeal cultures were 83%1.3m'l \II1d19f~'(I,respectivclv.
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4.2 Clinical findings

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

of 64 females and 64 males,

The temperatures upon admission ranged between 37.5"( \ and 40.2"(' with a mean of 38. 9"C.

The clinical datu and X~rayfindings are given in Tables 4.3 and 4.4.

The average heart and resplmtion rutcs for healthy children are about 120 boats pCI' minute and

20 respirations per minute, respectively, hut both heart and respiration rates vary with age in

children, being higher in infunts compared with older children, As all of the admitted children

presented with tachycardia the mean heart rate was 131 bents per minute and the mean

respiratory rate was 48 respirations pel' minute.

As expected, most of the children showed u leucocytosis with a mean leucocyte count of

15,79xl (N} and u range of 3,60 - 2R,2()xl 0'1/1 for the group as a whole.

TABLE 4.3 ('llnical datu q!,chilc{n'lllldlllitfC!d to .\(11((1'

""_"" ""~ f;j "" "" "" "" ~ "' ,. ·.H_ "' "' "' '" , ;,1 ...

Muuifestation MCUI1
evaluated

Range Number o f casus

Tcmpetature
Respiratory rate/minute

r Ieart rate/minute

I .eucoeytc couut/llfrc

3!tl)"(, 37.5 • 40.:'''(' 400

48 36 - 51 400

131 1:;0· 160 400

15.79xl ()'l 3.6·2H,2I)xlO'J 40()



FI'0111 Table 4,2 it is clear that most cases came from Poluna Canico (51 children) and Matola t45

children) ,

Polana Canico (zone S on 111ap) is an extremely poor area (Canlco meanr straw) where 110 clinics

with treatment facilities are available, There are however smnll health centes which refer very ill
patients directly to the Hospital Cental de Maputo. Children from this suburb have a high

pneumococcal carriage rate of 36 out of S1 (70.6%) as well us a high rate of l'CSiStL111CC 31 out of

36 (86.1%). It should be noted that by far the largest number of anrlbiotic-resistant isolates came

from this poor area of Maputo, 31 fr0111 this single suburb us opposed to SS Jl'0l11 the other 25

suburbs. giving a mean of only 2.::J P<)1' suburb for the latter group.

Motala, Zone C 011 the map. on the other hand is a suburb on the outskirts of Maputo and has a

well established primary care clinic where patients can be treated and seriously ill patients be

referred to hospital. There arc also two nearby hospials and patients will only be referred to the

Hospital Central de Muputo when these two hospitals are full. Children t!'Ol11 this suburb had n

wry low carriage 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 treatment may have influenced the isolation of'nnsopharyngcal

pneumococci.

The address ,'S of about u quarter of the children were not recorded and most of these came 1l'<1I11

ureas outside central Maputo (99 out of 4(0),



TABLE 4.2
Carriage status and carriers of antibiotic-resistant pneumococci according to suburb:

Zone Suburb Non-curriers Carriers Resistant
Isolates

A BA[RRO FERROYIARIO 2 5 3
B MAXAQUENE 10 5 2
C MATOLA 38 7 S
D MALANGA 15 2 ....

.:.

E MKADGUINE 8
F 8A[RRO CENTRAL 5 7 5
G ALTO MAE 26 4 3
H MAFALALA 3 I
I MATUTUINE 2 1
.I HULENE 4 3
r< CHAMANCULO 12 3
L MICHAFUTINE 5 2 0
M PATRICE LUMUMBA 5 5 3
N LAtJLANE 4 I I
() INFULENE 2 5 2
P COSTA DO SOL 7 2
Q 25 DE JUNIIO 4 0
R AERPORTO 5
S POLANA CANrC() 15 36 31
T NHAGOIA 2 1
U MAYALANE 5 6 3
Y DJAYELA
W POLANA CIMENTO( I) 4
X BENFICA 2 2 1
Y JARDIM 't 0
Z MAI.IJANGAI,ENE 3 4 ")

4'~

Unknown 01' outside of Maputo 79 20 12

Totnl 272 128 85
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For future surveillance nr pneumococcal resistance j1nltl.'!'lwin Mozambique, improvement :11'

the di:-;cdlffuskui technique is required ns in the present study this method tended to over

estlmate the frequency and levels of'reslstnnce, Improved quality ussurnnce, including

external quality assessment pnrticipution muy help to UI.IJleW this. The Et~:Btgave good

results but tended to ovcrestirnntc levels of penicillin resistantce. The cost ol'thls teilt is,

however, prohlbitive 111 the Mozambique setting.

5.3.4 Antibiotic policy for Mozmnbiquc/Mltputo, based (Ill the J1ndillgs of ~ltcpresent
stu(ly

According to World Health Organizatio1l recommendations. penicillin should he uvailablc in

nil countrica, It is an essential drug chosen because ol' its effectiveness in the case ormany

infections in dl.)vclopil1g countries lind the fact thur it is relntivcly inexpensive. 1tven though

high levels of'penlcillin resistnnce haw been "..:mollst1'l1tcd, this uutihiotic can still he USI.)t!

ellectlvely in the treatment of pneumo» n". 'Ihe efficacy of penicillin trcnnnent of

plll.)llm"llin in u popultViO)I1 where the Incidence ()rJ1ellil~illilH't.'sistanl pneumococci is

extremely high bus ngnin been domnnstrmc! in the PJ'I.)Sl.)l1t study.

In Mozambique penicillin. chlnrnmphcnico). and to a h.sSI.!I' extent. couhnoxuzolc and

tetracycllnes are the most frequently used untiblotics und tht.:ymay select Ihl' resistance due to
OVell1SI,)und possible ubuse, III pulmonury lobar pneumuntn Iur example, penicillin is one or

tilt: most effective antlbiotles, due to its cns> al\ml'ptilll1 Into thl! blond stream and hig.h

bucterlcldnl lcvels uchievcd in the lungs. This is however 1101 the ease in mcnjn'~itis lind CllSCS

of otitis media as this nntibintic has greater difficulty crnHsing the hlood-brulu burrier and into
middle-cur tisBUCS~1.

l hllll'<lmphcnit:nl j;; !h,~qllcntly udruinlstcrcd In jlHticllts ill Mo.nmhlque. It is a 111'(1(1-1

spectrum nlltibiolk and is pl'l'lilllllilltll1lly l)al·t~'l'i(lHtntk. xcverc hut unconnnon side cflccts

include aplaslk unacmla und pancytu!wnia. 1:01'this I\'US .In il is pl'l1habl),' unwise (0 \1111.)it ill

the treutmcnt ot'pncumonin, des!':(\: its low I.'IlSt. However. in poor dl'vdnping countries
llll.'l·\,' is oiten no optit)ll but to lise this antibiotic as 1\:lLIC oth~l' 111ay Ill! l ,,:l,thlc or utfordubte.



reason» for this finding may have been that because only cas~s admitted to hospital were

investigated. it is possiblo thut 1111l'\)~~()J'dednntibiotic udministrution may haw occurred before

the nasophruyngeal f!\"H,'1S \Wl'C \(\{\I;)I1,

It is noteworthy that the nnsophuryngenl carrier ml~!of' 7Il)·I)in children from Polanu Canico,

tile poorest suburb in Maputo where patients are directly referred [0 the hospital, is ill the

higher runge of those recorded in the liICl'HtmcLK,'\

5.3.2 Prevalence of antibiotic J'(!sistnJlc()in nasopharyngeul pneurneeoccl ill Maputo
children

'I'hu untibiotlc l'I.!!'listul1cC incidence or 6Mil itt ,,' JlINllllIOllicrt' in Mupttln children during thl,'

study period wus extremely Iligh, The prevalence rute 1'01' penicillin rcslstuuce of :'21~,;,is

slightly highcl'thull that in ncighh~lUt'illg South An'ka" L'\ while those of cotrimoxuzolc

{28%) and tctracyeliue (l B%J)ure also higher than at the l 'hris Iluni Ilurugwunnth Hospital in

Howcto •. lohnnnes-hurg?". Till! high!.:I' Incidence in the inlaut» und chlldren uoder :~years of
ngc is in accordance with other studies in the llteruture':":". However, the excessively high

rutc of Nsistunc\.) to 111!l1icilJinand other lllltibiotics in thls uge group requires explunution,

Two posslble ll\ctol's mny haw played u role, One is thillihirly [npid spl't.:a~lof'u d01l1.! wlthln

serotype 1911 could haw occurred in tltc pOPlJlation studied und that PI'('sl.:lltly \11\kl1OWn risk

lhct(ll'l{ e.g, crowded condition«, Hilt. ·h. 'I' usupe and/or 1h.!qllCn1 1111pl.'l' respiratory inJ~L'titlns

played a role. TIll' other scenario is that the evolution or drug rcslstunce hud taken place over

u [1l'Oloug\!ll period nnd rcsistnnce ncclllllululcd l-!l'<lduu!1y10 its pl\'selll high levels,

5.3.3 Signiticllllc(.' of antibiotic reslstnnce Iilldi!lgs

This sludy Wlls very implll'tmll ns it provided a huscliuc of'relevunt Intonun.iou on untibioric

l\lSistniicl~ in ,....' pncutuonia» which, L j J 1(1 HIlW. WlIS \HUi vailublc. This inn ll'I1Hititlll could form

the basis I'llI' Ihe rational treatment 01pncumomn, ml.'ninp.itis und lltitis mediu in Maputo.



study died. giving a case l11talityrate of O.5'l'<"Both had positive blood cultures and died

soon nnel' admission. The low mortality in this group of children is no! surprising as bacterial

pneumonia which is mmully caused by Stmeumoniac usually respond well to antibiotic
treatment provided appropriate treatment is given reluti vcly early in the disem.;cH,,~.', It is

probably falr to suspect that the case fatnlity rnte is likely to he much higher in the more

remote rurul rcgions of Mozambique",

The fact that patlenrs ll~sp()nded to penicillin treatment oftheil' pneumonia despite the filet

thut more t11(\1150% of the cnusntlvc pneumococcal strains were "resistant' to this antibiotic is

1M surprising. As ludicared earller penicillin resistance, although highly relevant in tho

menigitis setting, has 110 bearing on pneurnonla where penicillln lcvels in the diseased lungs

ure much higher than the MIt's or MBC:-;of'the pnCUl1H1COCcai strains cHusing the

Whethet any oCtbe children in the present study suffered from underlying lIlV diseuse is

uncertain but pneumococcnl pneumnnln und bactcruemin are 11101'e com mon in Illv-posltlve

adult pntienta, even when theh' CD, cell counts arc stilt relutlvely high 1". Pncuntococcal

Islatcs 1't'0111 such patlents tend to be more commonly resistant to antibiotics thun Hl V M

ncgutive control patients.

5.3 Significance of'nutlbiotie resistance til1din~s

5,3.1 Carrler rate»

Although the uctual ratos of pncumococcul eHl'ringc fbI' th~\study of the prevalence of

resistance pattern" und serntypes }1I'CSt.mt in comnnmitlcs HI'I.) not of primary importance, n

sufficient uumber oflsolntes which iH also representative hi required tin' meuningful l'.~HI!tS ",

I'hc pneumococcal carrier l'Ht..: rcsults li'Pl1l the present study, cennulizcd at the llosplt;.]

Centrnl de Maputo. upcar to he lower than in other dl.)\doping countries I)\,'~, One of the



Mozambique, the lncldcnce of antibiotic resistuncc in pneumococci and other bacteria is

unknown.

5.2 Clinicnll\Sllccts of the Mnputo study

5.2.1 Hospttal fncilties in Maputo

Apart from the Ilospitnl Central de Maputo, there are three other fairly large hospitals in

Maputo that admit chlldrcn Irom surrounding areas. OUI' hospital, being u reference hospital,

!1cccpts mainly referred cases.

::;.2.2 The smms of the hospitalized chlklren

The population of children entered into thc study cumo from l\ very poor soclo-economic

background. The poorest suburb nfMnputl), Polnnn Canico. also provided the lnrges; number

of children with pneumonia ndmltted to the hOllpiml. These children hnd a high cnrrler rute us

well us u high rate of autibiorlc rcsisuuice umoug the isolates.

With rcgurd to the nutritional SWlUH of the children. those below one yCUl' ofuge tended to he

well nourished, probably because they wen! largely hreastfcd. Tho older children ill the :>ltllly

were generally below the ideal weight 1\.11' their ng~'and reflect the state of poverty and

deprivution prevnlllng in the wake ot'the recent civil wur in the country where malariu,
dlutrhocu und respiratory diseuse ure l'tUlllmnr'{,,,!1,,!N ,"J.

5.2.3 Clinleul Ieatures of pueumonia CI\SCS

The children with pneul1lo11inshowed the clnssicul sill-ns and symptoms ,\S well us radio-

gmplhc features or this diseuse. It is interesting thot the children with posltlvc uuscphuryn-

geul swabs had u greater pl'Opmlsily [ill' the development ot'bllnteml pncumonlu. Tilt! patients

responded well to penicillit; or chloramphenicol und only tWI) out ol'thc 4()() ehildrcn in the

IJ, (i



CHAPTlCR:; GlCNlmAL DISCUSSION AN:, CONCLUSIONS

5.1 Pneuuiococcul reststanee worldwide

S pneumoniae rcmalns the most common bacterial Cal1SC of pneumonia":". Worldwide,

approximately 15 million children under 5 years of age die annually from preventable

dlseases: The majority of these deaths occur in developing countries". Among these,

respiratory infections predominate and the pneumococcus is responsible for about !W(!'() of

seven! pneumonias ill children in Africa",

As mentioned in Chapter 1. antibiotic resistant pneumococci W\!t'C first described to he fully

und multiply resistun: to j11.micillin in I 977 and J 978. rcspectlvely' ,~. Since then a dramatic

inoreuse in the incidence of'pneumococci resistan: to penlclllln and other eruimlcrobiul« hus

been noticed':", A marked increase in resistance is currently SC\!11 iii some European

countries such as Spain, France, I1ullgm'y. Slovakia !IS wel! as South Afrlcu and the United
States of Amerienl,~.\?I.J\

For many yems penicillin was the stnndurd trcatmcnt Ill!' pneumococcal infections ic, the

drug of'cholce, Strains with MICs between (),12ug/l11l nmll,()~lg/ml have hlstorlcully hccn

designated as relntively rcsistnnt to penicillin and those with MICs [!J'cn(ct·than I.O~lg/ml (IS

resistent, However, these c)'il:~'nlconcentrutinns. also culled breakpoint concentrations, arc

only relevant in cnses of menlngltl« and possibly otitis 1111.'diu in the cuse or penicillin' and not

to pulmcnnry irucctious", A note of'cantion is upproprinte in conuectiou with the use ol'
chlnramphenlcol for the empiric treatment of acute bacteriul menlugitts in developing

countries when! there is a hig:h incidence of pcnicillin-tcsistun; pueumococcl, Puticnts with
pneumococcal meningiris caused by peuicillin-resistunt strnins dono! respom] well to

chlornmphcuico! treutment 1
",

Surveillance und ongoing 1'('%':'0111,,1, pl'ognlll1lncs are costly and difficult til establish in a

country with HeV\!!'C Ilnunciul constraints atul ill Home underdeveloped countries sud) as

.1 tol



4.3.7 Trentment datil

The most 0011111101t treatment regimen involved lntra-musculnr procaine penicillin, However,

chloramphenicol and occasiouully cotrimoxnzole were sometimes used depending 011 the

availability of penicillin.

• Previous taking of'antlbiotic«

Of tho 400 children Included :11 the study, only 3 children were known to have received an

antibiotic before admission to hospital. AI admission, 1 child was currently tnking nalidixic

ncid and 2 were on urnoxycillin. It was not possible to obtain meaningful informaton from

the parents 01' guardians ofpatil.mts regarding prior untibiotic exposure,

4.3.8 ('.l~1Jf'ntnlity rate

Two children cnr=cd into the study died shortly nile!' being admitted to the Paediatric Unit.
Both cases die n direct result ot'thclr pneumonia and had positive blood cultures, The

ease fatality rate 01 O,S% was therefore quite tow.



4.3.6 c.:.ix~wcckfollow-up results

We WCl'C tumble to get n 6~wcck follow-up swab from 73 of the 128 children. leaving 55

children who could be swabbed after discharge. Although various attempts were made tll

locate ull the children. thls was not alway» possible.

Thirty (551%) of the children tested at (l weeks, still hnd S 11l1(,'1Il1WJ1i(({' present in their

nnaophnryngcal swabs and of these 20 isolates were resistant to one or more antibiotics.

The carriage rate of resistnnt strains after six weeks (20 out oDO: 671XI) was identical to

resistance rate on admission to hospital (86 out ofl28: 67%),

The serotypes of resisnmt strains nnd their resistance patterns tire given ill 'Iuhle 4,12.

TABLE .f, 12 Sef'otype.\' (fud resistance patterns .1';.\' weeks rTjtl!J'/wspiwliwtioll

Resistance to

Sel'otyptl No,
of stmim;

P\)11 ('ot P\.)I1,Tct.
( 'ot

19F 15 \) .1

231,' 3

14

6B

')

1) PI,.'Il penicillin: Col cotrlmoxuzolc: Ter tetracycline



4) In one patient the blood culture isolate was a penicillin. and teuttcycline-resistunt tYIlt!:! 1 while rhe
corresponding nnsophuryngcal isolate was penicillin-resistant und a type 23 F.



TABLE 4.11 S(,l'otypes C!j'allli/Jiotic.l'('sistcIIIIIICl.wl'llll1:Vl1g(IClI and blood culture isolates

Serotype Number of Blood cultul'es2) Identical Anti- Identical
positive No (Resistance blogrnm Serotype
N P Swabsl) patterns) SwablBl(' SwuhlBC

IQF 42 (47.7%) 1o ('>1', 4Pcot,(jS\) 19 19

14 12 (14.00/0) I til)

23[1 6 (7.0%) 0 No'll No")

613 4 (4.7'}'O)

6A 3 (3.5%)

IB " (4.7'!/ll)

I.j 2 t2,3~o)

28 :2 (2.3'!(1)

19A :2 (2.3%) I (P)

<IN 2 (2.3%)

7 2 (2.:\~'O)

4 2(2.2%)

21 () «()~i,) I (II) NO,I) Nu"

29 1 (1.2%)

S I (1.2%)

10 1 (1.2%)

24 I (1.2'!")

Contamiuutcd

Totnl !l5 23 21 21

I) Number of IHtsophmyngcnl swabs
2) Number of blood cultures and reslstunce pall<.:I'IlS in bruckcts
3) S xuscoptlble
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TABLE 4.10 Resistance!patterns ofsix common paediatric serotype» compared with others

Resistant strains
Serotypes

Total R,I)

191" 30(71) 31 (50) 21(50) 42

14 10 (83) 5(42) 7(58) 12

23F 4 (67) 4{(7) 2(33) 6

613 4(100) 2(SO) 2(50) 4

6A 3 (l00) 1(33) 2(67) 3

19A 2 (100) 1(50) 1(50) 2

All (J types 53 (77) 34(49) 35(51) 69

Other 14 (88) 9(56) 7(44) 16

Total 67(79) 43(51) 42(49) 85

1) All stralns rcslstnnt to penicillin. singly 01' multiply reslstanr
2) Resistant III one nntiblotlc only
3) Stl'Uins reslstunr to more 1111111one ulltibiotic
4) Total number of l'esistant strain»,
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TABLE 4.9 Rasistance patterns and serotype: ojnasophaJ:vl1gc!al isolates based 017 breakpoint concentrations given in Table 3,land Table 3.2

~--.---- ----- --_._._._.. ----_._-_.. ----,----_. --~.",--
RESISTANCE TO

.~- . --r-----r-- ----_._-_,-_. -
SerO(I'Jut

Pen') Tet'l Cotl) CIII Rifl Pen/Cot Pell/Tet Pell/Cot/Tet Cot/Tet Erytlt/ Total (.NIIsopllfl-rYllgelll
CliJ) tsolutas)

-
19F 13(9)~ 2 1 4 1 15 (4) .2 J '2 421111
14 3 (1) 3) I 1 I 1 5 12 (1)
23F 1 3 :2 1 6
6A 1 1 t 3
68 :2 1 I 4
19A I(l) I '2 (I)
IB 1 1 2 4
13 1 I '2
28 1 I :2
9N J 1 :2
7 1 I

" I (I) 1(11
21 0(1) 4) o (l)'iI

l29
1 1

5 1 1
10 1 I
24 1 I

Totu! 28(12) 5 4 .t 2 22 (5) 8 9 1 2 85 (17)

.-
1) Pen, Tel, Cot, ChI. lir),. Clio Rif denote penicillin. tctracycllue, cotrhnoxezolc, chlornmpheuicul, erythromycin, ellndumycln nnd rirumplcfu, respectively
2) The numbers of blood cultures showing particulnr resistance patterns are given in brackets,
3) One of the two nasophuryngeu! isolates showed high lcvel restsmnce (MIL',:2 ug/ml)
4) This strain was isolated from the blood culture but not from the nasopharynx

39



4.3.5 Antibiotic resistance patterns in relation to serotypes

The antirnicrobial resistance patterns of'the different Sl'/1('ll11tol1iae scrotypes are given in

Table 4.9 (all isoaltes) and ill Table 4.10 (patterns of the six most C0I111110n serotypes isolated

from children worldwide).

Serotype 191"was by far the most common type isolate.I (42; 49.4%) followed by type 14

(12; 14.0%), type 23F (6; 7%) 68 (4; 4.7%), 1B (4; 4.7%) and 6A (3: 3.5%),

The very high prevalence of pneumococcal resistance in the Maputo children suggests thaI

clones of S'pneumoniae may well be prevalent in Mozambique and DNA fingerprinting may
well yield rewarding findings, especially with regard to serotype 19F because this strain is so

common in the community studied, us well as serotype 23F, a clone of which has been shown

to have spread to many countries, including South AiHca21• Especially striking is the large

number (31) of antibiotic-resistant pneumococcal isolates found in children coming 1'1'0111 the

suburb Polana Cauico.
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Monitoring and surveillance of pneumococcal resistance and if possible, resistance in

Haemophllus influenzae from the nasopharynx of children attending paediatric units at

Hospital Central de Maputo as well as surrounding hospitals, should be implemented. Ideally

such surveillance should be ongoing.

Data generated in this way should be reviewed frequently to establish any obvious trends and

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

As serotype 19 F was very common in my study. it would he interesting to see any changes

that may occur with regards to resistance and serotypes in the next few years, The use of

antibiotics should also be closely monitored to prevent abuse and a consequent lncrense in

resistance patterns. Epidemiological surveillance should be extended nationally as a follow"

tip to the study of pneumonia.

The introduction of the conjugated polysaccharide vaccine into the community. especially in

children under 2 years of age. who have a deficient immune system with regard to mounting

as humoral antibody response to polysaccharide antigens, could play un important role in

com butting pneumococcal disease in Mozambique. Whether this promising but expensive

vaccine will become available in Mozambique, and be affordable, 0111y time will tell,



nasopharyngeal swabbing procedure. Various attempts were made to locate the outstanding

cases, but 1110stof these proved fruitless.

Only 2% of the total number of cultures submitted to Johannesburg were either non-viable 01'

contaminated upon receipt in the luborutory at the SAlMR,

5.6 Conclusions nod recommendations

In Mozambique due to the socio-economic conditions as a consequence of the war and

ongoing drought. there is much suffering amongst children from acute and chronic

malnutrition which is highly prevalent in our c~)~l1ltry2f1,27,2R,29,

As hl well known, there is a vicious cycle between infectious diseases and malnlltritionI5.19.20.

Many n time a malnourished child with pneumonia does not get to the hospital 01' health care

centre for V£lrlOUS reasons eg lack of'transport or lack of knowledge on the mother's part. The

uudernourished child is ulso far mere exposed to infections especially of the respiratory tract

due to concomitant overcrowded conditiol1s2h,2?2H.2'1,

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

cheapest drugs available and it can still be )rescribed for the treatment of pneumonia,

However the ideal antibiotic would be ceftriuxone (3rd generation cephalosporin) for the

empiric treatment of acute bacterial meningitis. Due to severe financial constraints the

country will not be able to afford this atibiotic at present. However, my recommendation to

the Ministry of Health would still be the implementation of a policy that would allow the

udministmticn of ceftrlaxone to critically illpatients with acute menigitis, trrespective or
whether the patient could pay for treatment OJ' not. Such II policy will have to be strictly

controlled, If this is possible. consideration could also be given for ceftriaxone to he reserved

for cases of typhoid fever, gonorrhoea and chancroid,

53



may have the same propensity to spread and add to the already high incidence in regions with

a high endemic prevalence of resistant strains.

In pneumococcal disease, fortunately, there is the prospect of the use of unproved pneumo-

coccal vaccines in the near future, which should cover against high risk patients and speci-

fically young children who would benefit from the conjugate vaccine't". Another high risk

group that could be targeted are HIV -positive patients who are prone to pneumococcal

pneumonia and bacteraemia even when their CD'i counts are .,till high",

Older children and adults respond well to the polysaccharide vaccine", However, the group

which would benefit most front the use of a conjugate vaccine would be children especially

those under two years of age who do 110t produce adequate antibody levels to unconjugated

polysaccharide antigens.

All of the serotypes identified in our study arc already present in the polysaccharide vaccine.

but it is important that the serotypes that are C0I111110n in Mozambican children should be

represented ill the conjugate polysaccharide vaccine. To ensure this. periodic surveys or

ongoing surveillance of serotypes prevalent in children ill Maputo would be required,

5.5 Problems encountered during the study and lessons for developing countries

Due to the high illiteracy levels in the country, it was often difficult to establish whether the

child had been 011 any medication prior to hospitalization. It was tlierefore possible that SOI)1(.)

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

There was a possibilty that SOI11(') of the sisters in the Casualty Department may 110thave

followed strictly the instructions 011 the propel' procedures for correct specimen collection.

Most of the problems in this study occurred ill the initial stages and were corrected as H result

of continuous communication between the SAIMR and ourselves.

There wore specific problems with regard to the collecting of the o-week post-discharge

swabs from patients. Only 73( 18,3%) of the 400 cases presented for the fbllow~Ul1
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Blood culture S pneullloniae 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 110t typed as it was lost due to contamination. The

serotypes found in this study ate also common in children of most other countries and the

conjugate pneumococcal vaccines planned for the future would covel' against disease caused

by the Maputo strains4,9.2J.]5.31. The large number of 19F isolates which may also canst' .ute a

cluster In the Polana Canico suburb suggest spread of clones within this serotype in Maputo

and DNA fingerprinting of 19F isolates could establish whether this is the case.

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

likely to decrease the risk of acquiring pneumonia in future, The present conditions of

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

increasing the mortality rate of patients with established infections. Malnutrition is especially

c0111m0I1in children from 3-5 years of age, Breastfeeding is strongly encouraged but the

C0I11111011 trend is 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 a

high attack rate of pneumococcal infection ill this low socio-economic population group. The

mortality rate in such populations remains high especially in rural areas where UCCl!SS to

antibiotics and appropriate treatment are often problematic. Many children arc critically ill,
particu-larly those with certain negative prognostic features, In the present study the case

fatality rate was very low, probably because the children were hospitalized early and treated

with penicillin and chloramphenicol which both constitute appropriate therapy in this

population group.

Serotype 23F has spread wiucly ill Europe and from there to other continents and countries,

including the United States and South Africa". It is possible that other serotypes such as 1C)F
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Studies carded out at the Chris Hani Memorial Hospital showed that patients with meningitis

caused by penicillin-resistant pneumococci treated with chloramphenicol did not respond well

and therefore should not be used in pneumococcal menigitis in regions where the incidence of

penicillin-resistant pneumococci is high'. This is certainly the case in Maputo.

Presently the third generation cephalosporins, cefotaxime 01' ceftriaxone constitute the agents

of choice for the initial treatment of acute bacterial meningitis in infants, excluding the

neonatal period, and older children and adults. Those two agents are easy to use and can be

administered intramuscularly 01' intravenously. However due to their high cost it is not

possible to include them in the treatment regimens listed in the essential drug lists (EDLs) of

developing countries, Theil' use should be approved nationally, by governments and

administered selectively for the treatment of meningitis in hospitalised children.

With regard to the treatment of'pneumonia in Maputo, penicillin, ampicillin 0)' amoxycillin

would be appropriate, despite the high incidence of penicillin-resistant pneumococcr",

However, treatment with cottimoxazole way be problematic as a large percentage of

pneumococcal isolates in this study proved to be resistant. The same probably also applies to

the treatment of otitis media with this therapeutic combination", The use of tetracyclines is

contra-indicated in young children.

5.4 Pneumococcal serotypcs in Maputo

This study demonstrates the common serotypes found in 128 patients.

Nasopharyngeal ,r;,' lJl1eulIloniae isolates

19F was the most ':Ol11l11on serotype (47.7%), followed by serotype 14 (14%), then type 23F

(7%), type 6B and 113both with 5%, while serotypes 6A, 13,28, 19A, 9N, 7,21, 29, 5, 10

and 24 also featured in the study.
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