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SUMMARY

Streptococcus pneumoniae is the leading bacterial cause of life-threatening infections in infants.

Although antibiotic resistance affects management of pneumococcal infections, few data on

patterns of resistance are available for India. We examined nasopharyngeal carriage of antibiotic-

resistant pneumococci in 464 South Indian infants between 2 and 6 months. Newly acquired

serotypes were screened for susceptibility to cotrimoxazole, erythromycin and penicillin using disk

diffusion. Cumulative prevalence of pneumococcal carriage rose from 53.9% at 2 months to 70.2%

at 6 months. The prevalence of strains that were not susceptible to penicillin, cotrimoxazole and

erythromycin was 3.4, 81.1 and 37.2%, respectively. Carriage of erythromycin non-susceptible

strains declined significantly between ages 4 months and 6 months (44.1 vs. 10.7%). More than

87% of the isolates screened were non-susceptible to o1 antibiotic. Serogroups/types that were

most frequently non-susceptible to 1 or more antibiotics were 6, 9, 14, 19 and 23. Less than 1% of

the isolates were multi-drug resistant. Widespread use of antibiotics in South India has resulted in

S. pneumoniae becoming non-susceptible to some commonly used antibiotics. Monitoring trends in

antibiotic susceptibility and making antibiotics available only through prescription from a health

care worker may slow the spread of resistant pneumococci and improve management of

pneumococcal infections in South India.

INTRODUCTION

Streptococcus pneumoniae is a leading cause of severe

pneumonia among infants in developing countries

[1, 2]. It is estimated that pneumococcal disease is

responsible for more than 1 million deaths in children

under 5 years of age each year. Approximately, 42%

of these deaths occur in infants less than 6 months

of age [3]. In addition, S. pneumoniae is a common

bacterial cause of otitis media and sepsis in children

under 2 years of age and is a leading cause of menin-

gitis [4]. The emergence and spread of antibiotic-

resistant pneumococci threatens to make management

of pneumococcal infections less effective and more

expensive [5, 6]. In most countries, newer second-line

antimicrobial agents are expensive and, therefore,

unavailable to the majority of the population, causing

many infections to become effectively untreatable.
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Current data on the susceptibility of pneumococcal

isolates to antibiotics are necessary to minimize the

impact of drug-resistance on case management. There

are few published data available on community-level

anti-microbial susceptibility patterns of pneumococci

for India [7, 8]. Antibiotic therapy is empiric, and

blood cultures are not routinely done and have little

value in areas where antibiotic use prior to seeking

medical care is common. Alternatively, nasopharyn-

geal isolates of healthy children may be used to gauge

the pattern of pneumococcal antibiotic-resistance in

local populations [9–12].

We studied the pattern of antibiotic-susceptibility

of nasopharyngeal pneumococcal isolates from a

cohort of South Indian infants in the first 6 months

of life. Isolates were subjected to penicillin, cotrim-

oxazole and erythromycin, three agents commonly

used for treating pneumococcal infections in devel-

oping countries.

SUBJECTS AND METHODS

Study population

The Infant Pneumococcal Acquisition/Carriage in

Tamilnadu (InPACT) study was nested within an on-

going, randomized, double-blinded, placebo-controll-

ed study known as the Vitamin A Supplementation

in Newborns (VASIN) trial. VASIN was a 3 year trial

designed to evaluate the impact of vitamin A supple-

mentation at birth on the morbidity, mortality and

growth among 9000 newborns through the first

6 months of life. The trial was conducted in Natham

and Karriyapatty, two rural areas near the South

Indian city of Madurai. These areas were selected

because they share characteristics including endemic

vitamin A deficiency, high incidence of acute respirat-

ory infections, and demographic similarities with

many rural communities in South Asia. The methods

and data collection procedures for the VASIN trial

have been described previously [13].

InPACT enrolment

From 22 October 1998 to 30 June 1999, nasophar-

yngeal specimens were obtained from 464 infants

living in Natham block. Infants born into the VASIN

trial who survived to 2 months of age but were not

older than 2.5 months of age, and who resided in one

of eight selected supervisory areas in Natham block

were eligible for enrolment in the InPACT study. The

larger and denser population of Natham compared to

Karriyapatty made it the optimal choice for the

InPACT study. The eight supervisory areas with the

highest birth rates in Natham were selected.

Ethical review

The VASIN and InPACT study protocols were

approved by the Ethical Committee of the Aravind

Center for Women, Children and Community Health,

Lions Aravind Institute for Community Ophthal-

mology and by the Committee on Human Research of

the Johns Hopkins University Bloomberg School of

Public Health. The protocols were also approved by

an ethical committee constituted by the government

of Tamilnadu. Infants were included in each study

based on oral informed consent from parents or

guardians. Verbal consent was considered appropri-

ate given the level of literacy in the community.

Data collection

Nasopharyngeal specimen collection

Three nasopharyngeal specimens were collected from

each infant in the study, at 2, 4 and 6 months of age.

Specimens were collected by five trained field workers

following a set protocol. A small, flexible rayon-

tipped swab (DIFCO CultureSwab Transport System

with Amies Media) was inserted into the posterior

nasopharynx for a minimum of 5 s or rotated 180

degrees before removal. Swabs containing specimens

were placed in Amies transport medium and delivered

to the microbiology laboratory at the Aravind Eye

Hospital within 10 h of collection.

Laboratory procedures

The nasopharyngeal swabs were inoculated onto tryp-

tic soy agar plates (Becton Dickinson) with 5% sheep

blood and 5 mg/ml gentamicin (Nathan Pirumal,

Bombay, India) within 12 h of arrival at the hospi-

tal microbiology laboratory. When laboratory staff

were not able to carry out inoculation within 12 h,

the swabs were transferred from the Amies media to

0.5 ml of skim milk media and frozen at x20 xC

for no longer than 2 days before processing. Inocu-

lated plates were incubated at 37 xC in 5% CO2 for

18–24 h. Optochin (Taxo) inhibition and bile solubi-

lity (Himedia) tests were used to confirm colonies that

showed classic pneumococcal morphology. Quality

control was maintained by the use of American Type
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Culture Collection (ATCC) 5603, a pneumococcal

reference strain. Serogrouping /typing of penumo-

coccal isolates resistant to one or more antibiotics was

carried out using PNEUMOTEST kits (Staten Serum-

institute, Copenhagen, Denmark) [14]. The antisera

included in the kits reacts with serotypes 1, 2, 3, 4, 5, 8,

14, 20 and with serogroups 6, 7, 9, 11, 12, 15, 17,

18, 19, 22, 23 and 33, those included in the licensed

23-valent pneumococcal polysaccharide vaccine.

Specimens with an optochin inhibition zone larger

than 13 mmwere classified as ‘culture-positive ’. Those

with a 9–13 mm inhibition zone were considered

‘culture-indeterminate’. Culture-indeterminate speci-

mens were verified with the bile solubility test. Infants

were considered to be carrying pneumococci if they

had a culture-positive or bile sensitivity test-confirmed

specimen.

The Bauer and Kirby disk diffusion method was

used to screen pneumococcal isolates for sensitivity

to cotrimoxazole (trimethoprim/sulfamethoxazole,

1.25/23.75 mg disk), erythromycin (15 mg disk) and

penicillin (oxacillin, 1 mg disk). Isolates were classified

as sensitive, intermediately resistant or resistant to

cotrimoxazole and erythromycin according to the

recommendations of the National Committee for

Clinical Standards (NCCLS) [15]. Similarly, isolates

were categorized as either sensitive or resistant to

oxacillin based on the results of the screening test.

However, no confirmatory testing was done for iso-

lates that screened resistant to oxacillin. All suscepti-

bility testing was carried out using Mueller–Hinton

media with 5% lysed sheep blood. Isolates that were

sensitive to any of the three antibiotics were categor-

ized as ‘susceptible ’. Conversely, isolates not suscep-

tible to any of the three antibiotics were categorized as

‘non-susceptible ’. Strains found to be non-susceptible

to three antibiotics were classified as ‘multi-drug

resistant ’.

Statistical analysis

Two-tailed x2 analysis or Fisher’s exact test for

contingency data were used, as appropriate, to

assess differences in the frequency of non-susceptible

colonization with newly acquired serotypes by anti-

biotic (Stata 6.0, Stata Corporation, College Station,

Texas). Logistic regression was used to evaluate

age as a risk factor for carriage of non-susceptible

pneumococcal strains adjusted for the effect of season

of acquisition.

RESULTS

Participant follow-up

For the 464 infants enrolled at age 2 months, follow-

up rates at ages 4 months and 6 months were 87.5%

(406/464) and 77.3% (359/464), respectively.

Specimen collection

Among the 464 infants, 1218 (87.5%) out of 1392 pos-

sible specimens were collected (Fig. 1). Of the number

collected, 62% (755/1218) of the specimens were

culture-positive for pneumococci. Isolates were often

frozen until they could be serotyped; 8.8% (74/755)

of the isolates were not viable after thawing and

were not serotyped. Of the remaining 681 isolates,

605 (88.8%) represented newly acquired (incident)

serotypes.

Susceptibility testing

Not all of the isolates could be tested against all three

antibiotics at the same time for logistical reasons

(shipping delays, inadequate storage space and lack

of availability of antimicrobial disks). Of 604 new

1392 swabs anticipated
             (100%)

1218 swabs collected
           (87·5%)

755  culture (+)
       (62%)

681 serotyped
    (90·2%)

604 1st acquisition of serotype
                  (88·7%)

323 OXA+ERY+COT *
             (53·4%)

No. of children enrolled: 464
No. of nasal swabs anticipated: 464 × 3 = 1392

* OXA, Oxacillin; ERY, Erythromycin; COT, Cotrimoxazole

Fig. 1. Nasopharyngeal specimen collection.

Resistant carriage in Indian infants 493



acquisitions, 323 (53.4%) available isolateswere tested

against all three antibiotics. We compared the sero-

type/group (SGT) distribution of isolates resistant to

one or more antibiotics and the proportion of resist-

ant isolates by drug and age group between isolates

tested against three drugs to those tested against one

or two drugs and found that the differences were not

statistically significant.

Demographic characteristics

Most of the families were Hindu and were from

marginalized communities. About one-third of the

infants weighed less than 2500 g at birth. All study

infants were breast-fed and more than 80% received

colostrum.Approximately 9%of themothers reported

experiencing night blindness during pregnancy, a

classic symptom of vitamin A deficiency. The majority

of infants (86.1%) had one or no sibling. The families

of the infants were of low socioeconomic status and

nearly 50% of the mothers had no formal education.

Prevalence of pneumococcal nasopharyngeal carriage

S. pneumoniae was isolated from 86.2% (400/464) of

study infants during the first 6 months of life. Infants

acquired pneumococci at an early age; 53.9% were

colonized by age 2 months. The carriage prevalence at

ages 4 and 6months was 64.1 and 70.2%, respectively.

Susceptibility of pneumococcal isolates by antibiotic

Antibiotic susceptibility profiles to penicillin, cotrim-

oxazole and erythromycin were available for 323

(53.4%) of the isolates representing newly acquired

strains. The prevalence of penicillin non-susceptibility

was low in all age groups; 3.4% of the isolates were

not susceptible to penicillin. The proportion of peni-

cillin non-susceptible isolates did not vary signi-

ficantly by age group. In contrast to penicillin, the

prevalence of cotrimoxazole non-susceptible isolates

was high; of the 81.1% of those that were non-sus-

ceptible, 64.7%were completely resistant.At 2months

of age, 83.8% of isolates were resistant. This propor-

tion was similar in the 4 and 6 months age groups.

Approximately 37.0% of the 323 isolates were not

susceptible to erythromycin. The majority (105/120)

were of intermediate resistance. The pattern of non-

susceptibility to erythromycin at ages 2 and 4 months

were comparable (53.0 vs. 44.1%), however, by age

6 months the prevalence dropped to 10.7%. The

odds of non-susceptible erythromycin carriage at

age 2 months was approximately 4 times greater

than among children aged 6 months (odds ratio 3.8

[1.9, 7.9] ; P<0.001).

Antibiotic susceptibility profile

Two hundred and seventy-eight (87.1%) of the 323

isolates were not susceptible to one or more anti-

biotics (Table 1). More than 51%were not susceptible

to one drug and 33.7% were resistant to two drugs.

The prevalence of susceptibility to multi-drugs was

low, 0.9%. Most isolates (92.7%) at age 2 months

were resistant to at least one antibiotic, while the pro-

portion of isolates at ages 4 and 6 months resistant to

one or more drugs was 85.7 and 77.6%, respectively.

The prevalence of multi-drug resistance among the

isolates was low, ranging from 1.5% at age 2 months

to none at age 6 months.

Serogroup/type (SGT) distribution of isolates

resistant to one or more antibiotics

Among the 278 isolates that were not susceptible to

one or more antibiotics, the most prevalent SGTs

were 6 (10.1%), 14 (8.3%), 15 (6.8%), 19 (7.6%) and

23 (15.8%) (Table 2). This pattern was similar across

age groups. In total, 52 (18.7%) of isolates were from

serotypes not included in the 23-valent pneumococcal

polysaccharide vaccine.

DISCUSSION

Our results show a high prevalence of pneumococcal

nasopharyngeal colonization among South Indian

children in early infancy. More than one half of

the infants were colonized by 2 months of age. By

6 months of age, 83% of the infants had been

colonized at least once. The observed colonization

rates are similar to those reported from India and

other developing countries [8, 16–18].

There was a high frequency of resistant pneumo-

coccal nasopharyngeal colonization in South Indian

infants. The majority of the isolates tested were not

susceptible to cotrimoxazole, the least expensive,

orally administered antibiotic, which is readily avail-

able over the counter in India and recommended for

use in the Integrated Management of Childhood

Illness programme of the World Health Organization.

The majority of these were completely resistant to

cotrimoxazole. In contrast, about one-third of the
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isolates were not susceptible to erythromycin, the

majority of which were of intermediate resistance.

The rapid spread of penicillin-resistant pneumococci

is a major health concern in the industrialized and

developing world. Yet, we observed that less than 4%

of the isolates tested screened resistant to penicillin.

Our finding is consistent with recently published data

from six Indian referral centres that showed the pre-

valence of penicillin-resistant isolates was 1.5% [7].

Nearly half the isolates were not susceptible to

erythromycin during the first 4 months. However, this

declined significantly by age 6 months. Most studies

in developed and developing countries show that

prevalence of resistant strains tend to increase with

age, when there is increased exposure to and contact

with carriers, mainly other children [6, 19]. The nega-

tive association between age and carriage of erythro-

mycin-resistant strains remained after adjusting for

the effect of season of strain acquisition. One possible

explanation for the observation is that we under-

reported the number of isolates that were not suscep-

tible to erythromycin at age 6 months due to missing

susceptibility data. However, when we tested this

assumption by recoding all the missing erythromycin

data to ‘non-susceptible ’, the negative association

between age and erythromycin-resistant carriage re-

mained statistically significant.

The prevalence of strains resistant to at least one

antibiotic was very high. Most of the strains obtained

from the infants in this study were resistant to at least

one antibiotic. In contrast, Jebaraj et al. reported little

antibiotic resistance among nasopharyngeal pneumo-

cocci collected from an urban, middle class, paediatric

cohort in northern Tamilnadu [8]. One possible

explanation for our observation is antibiotic prophyl-

axis. There is anecdotal evidence to suggest that

many young infants in our study area are given

repeated courses of antibiotics as treatment for mild

illness and also for prophylaxis. It is also possible

that in our study population adult members of the

household may be carriers of resistant strains and

these strains are then passed to infants ; this has been

described for meningococci [20]. Neonatal antibiotic

prophylaxis and familial pneumococcal carriage

warrant investigation because these factors have

implications for the prevention and treatment of

pneumococcal infections.

SGTs 6, 14, 15, 19 and 23 were the most prevalent

SGTs associated with strains resistant to one or

more antibiotics in our cohort. These five SGTs

comprised 57% of the resistant isolates tested. A

7-valent pneumococcal conjugate vaccine is licensed

for use in the United States. Other conjugate vaccine

formulations under investigation for use in devel-

oping countries contain 9–11 serotypes [21–23]. The

licensed 7-valent vaccine contains serotypes 4, 6B,

9V, 14, 18C, 19F, 23F, which accounts for approxi-

mately 80% of serotypes associated with invasive

pneumococcal infections in the United States [24].

The formulation of the 9-valent vaccines contains the

Table 1. Antibiotic susceptibility patterns of newly acquired pneumococcal nasopharyngeal strains (n=323)

isolated from InPACT study infants

Antibiotic

Age 2 months Age 4 months Age 6 months First 6 months

resistance pattern* Freq % Freq % Freq % Freq %

Resistance to 1 drug
PEN 0 0 0 0 0 0 0 0

COT 49 36 32 38.1 69 67.0 150 46.4
ERY 12 8.8 3 3.6 1 1.0 16 5.0
Subtotal 61 44.8 35 41.7 70 68 166 51.4

Resistance to 2 drugs

PEN+COT 5 3.7 3 3.6 0 0 8 2.5
PEN+ERY 0 0 0 0 0 0 0 0
COT+ERY 58 42.7 33 39.3 10 9.7 101 31.3

Subtotal 63 46.4 36 42.9 10 9.7 109 33.8

Resistance to 3 drugs
PEN+COT+ERY 2 1.5 1 1.2 0 0 3 0.9
Susceptible 10 7.4 12 14.3 23 22.3 45 13.9
Total 136 84 103 323

* PEN, penicillin ; COT, cotrimoxazole ; ERY, erythromycin.
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same 7 antigens with the addition of serotypes 1 and 5.

The 11-valent vaccines include the same 9 antigens

with the addition of serotypes 3 and 7V. We estimated

that the 7-, 9- and 11-valent pneumococcal conjugate

vaccine formulations would provide coverage against

53%, 55% and 56% of SGTs resistant to one or more

drugs, respectively. This estimate assumes that the

nasopharyngeal isolate SGTs are representative of

those causing disease in this community and that

there is cross-protection between serogroups included

in the vaccines. In contrast, the 7-valent vaccine pro-

tects against 85% of the serotypes commonly asso-

ciated with infection in the United States paediatric

population [21].

One limitation of this study was our reliance on

disk diffusion assays for determining susceptibility

to penicillin. The use of oxacillin, while appropriate

for screening, only allows categorization of isolates as

‘sensitive’ or presumptively resistant. Confirmatory

testing, using microdilution or E-testing, is recom-

mended because of the low specificity associated with

use of oxacillin alone. Therefore our results are likely

to overestimate the problem of penicillin resistance

in this region. However, our results showed a low

prevalence of penicillin resistance, one that is consis-

tent with data from other studies conducted in the

region [7].

We have detected a high prevalence of resistant

S. pneumoniae strains isolated from the nasopharynx

of young infants in South India. The majority of

isolates were resistant to cotrimoxazole, the least

expensive of the first-line therapies for pneumococcal

disease and other bacterial infections. However, unlike

most other regions of the world penicillin resistance

is uncommon in South India. Most antibiotics are

available over the counter in India. One option for

limiting the impact of drug resistance in India is

to make antibiotics available only by prescription.

Moreover, our study indicates a need for on-going

surveillance of antibiotic resistant pneumococcal

nasopharyngeal strains to ensure that the treatment

guidelines keep pace with local resistance patterns.

In addition, our results suggest that pneumococcal

conjugate vaccines may lower the prevalence of

resistant pneumococcal strains in this community,

if administered soon after birth.

Table 2. Serotype distribution of newly acquired nasopharyngeal pneumococcal strains (n=278 isolates) resistant

to o1 antibiotics isolated from InPACT study infants

Age 2 months Age 4 months Age 6 months First 6 months

Serogroup Freq % Freq % Freq % Freq %

1 3 2.4 1 1.4 0 0.0 4 1.4
3 1 0.8 0 0.0 0 0.0 1 0.4

4 1 0.8 0 0.0 1 1.3 2 0.7
5 1 0.8 1 1.4 0 0.0 2 0.7
6 11 8.7 8 11.1 9 11.3 28 10.1

7 1 0.8 1 1.4 2 2.5 4 1.4
8 1 0.8 0 0.0 0 0.0 1 0.4
9 8 6.4 5 6.9 3 3.8 16 5.8

11 6 4.8 3 4.2 4 5.0 13 4.7
12 0 0.0 4 5.6 0 0 4 1.4
14 12 9.5 4 5.6 7 8.8 19 6.8
15 9 7.1 5 6.9 5 6.3 19 6.8

17 2 1.6 4 5.6 1 1.3 7 2.5
18 5 4.0 2 2.8 1 1.3 8 2.9
19 7 5.6 6 8.3 8 10.0 21 7.6

20 2 1.6 0 0.0 1 1.3 3 1.1
22 5 4.0 0 0.0 2 2.5 7 2.5
23 18 14.3 13 18.1 13 16.3 44 15.8

33 7 5.6 3 4.2 9 11.3 19 6.8
NVT* 26 20.6 12 16.7 14 17.5 52 18.7

Total 126 72 80 278

* NVT, Vaccine serogroups/types not included in the 23-valent pneumococcal polysaccharide vaccine.

496 C. L. Coles and others



REFERENCES

1. WHO. Vaccine research and development : report of

the technical review group meeting, 9–10 June 1997.
WHO/VRD/GEN/09.01. Geneva : WHO, 1997; 32–56.

2. Shann F. Steinhoff MC. Vaccines for children in

rich and poor countries. Lancet 1999; 354 (Suppl 2) :
SII7–11.

3. WHO. Vaccine research and development : report of
the technical review group meeting, 7–8 June 1998

(WHO/VRD/GEN/98.02). Geneva: WHO, 1 January
1998; 1–78.

4. WHO. Etiology and clinical signs of serious infections

in young infants in developing countries : a WHO
collaborative study. Pediatr Infect Dis J 1999; 18 :
S1–69.

5. Hart CA, Kariuki S. Antimicrobial resistance in
developing countries. BMJ 1998; 317 : 647–50.

6. Butler JC, Dowell SF, Breiman RF. Epidemiology
of emerging pneumococcal drug resistance : implica-

tions for treatment and prevention. Vaccine 1998; 16 :
1693–7.

7. Anonymous. Prospective multicentre hospital surveil-

lance of Streptococcus pneumoniae disease in India.
Invasive Bacterial Infection Surveillance (IBIS)
Group, International Clinical Epidemiology Network

(INCLEN). Lancet 1999; 353 : 1216–21.
8. Jebaraj R, Cherian T, Raghupathy P, Brahmadathan

KN, Lalitha MK, Thomas K, Steinhoff MC. Naso-

pharyngeal colonization of infants in southern India
with Streptococcus pneumoniae. Epidemiol Infect 1999;
123 : 383–8.

9. Lehmann D, Gratten M, Montgomery J. Susceptibility

of pneumococcal carriage isolates to penicillin provides
a conservative estimate of susceptibility of invasive
pneumococci. Pediatr Infect Dis J 1997; 16 : 297–305.

10. Kellner JD,McGeer A, CetronMS, LowDE, Butler JC,
Matlow A, Talbot J, Ford-Jones EL. The use of
Streptococcus pneumoniae nasopharyngeal isolates

from healthy children to predict features of invasive
disease. Pediatr Infect Dis J 1998; 17 : 279–86.

11. Mastro TD, Nomani NK, Ishaq Z, et al. Use of

nasopharyngeal isolates of Streptococcus pneumoniae
and Haemophilus influenzae from children in Pakistan
for surveillance for antimicrobial resistance. Pediatr
Infect Dis J 1993; 12 : 824 –30.

12. Jorgensen JH, Doern GV, Maher LA, Howell AW,
Redding JS. Antimicrobial resistance among respir-
atory isolates of Haemophilus influenzae, Moraxella

catarrhalis, and Streptococcus pneumoniae in the

United States. Antimicrob Agents Chemother 1990;
34 : 2075–80.

13. Coles CL, Rahmathullah L, Kanungo R, Thulasiraj
RD, Katz J, Santhosham M, Tielsch JM. Vitamin A
supplementation at birth delays pneumococcal colon-

ization in South Indian infants. J Nutr 2001; 131 :
255–61.

14. Lalitha MK, Thomas K, Kumar RS, Steinhoff MC.
Serotyping of Streptococcus pneumoniae by coaggluti-

nation with 12 pooled antisera. J Clin Microbiol 1999;
37 : 263–5.

15. National Committee for Clinical Laboratory Standards.

Performance standards for antimicrobial disk suscepti-
bility tests, 8th ed. Villanova, PA: NCCLS, 1998.

16. Woolfson A, Huebner R, Wasas A, Chola S, Godfrey-

Faussett P, Klugman K. Nasopharyngeal carriage of
community-acquired, antibiotic-resistant Streptococcus
pneumoniae in a Zambian paediatric population. Bull

WHO 1997; 75 : 453–62.
17. Gratten M, Gratten H, Poli A, Carrad E, Raymer M,

Koki G. Colonisation of Haemophilus influenzae and
Streptococcus pneumoniae in the upper respiratory tract

of neonates in Papua New Guinea: primary acquisition,
duration of carriage, and relationship to carriage in
mothers. Biology Neonate 1986; 50 : 114 –20.

18. Lloyd-Evans N, O’Dempsey TJ, Baldeh I, et al.
Nasopharyngeal carriage of pneumococci in Gambian
children and in their families. Pediatr Infect Dis J 1996;

15 : 866–71.
19. Yagupsky P, Porat N, Fraser D, Prajgrod F, Merires

M, McGee L, Klugman KP, Dagan R. Acquisition,

carriage, and transmission of pneumococci with decreas-
ed antibiotic susceptibility in young children attending
a day care facility in southern Israel. J Infect Dis 1998;
177 : 1003–12.

20. Emele FE, Ahanotu CN, Anyiwo CE. Nasopharyngeal
carriage of meningococcus and meningococcal menin-
gitis in Sokoto, Nigeria. Acta Paediatr 1999; 88 : 265–9.

21. Shinefield HR, Black S, Ray P, et al. Safety and
immunogenicity of heptavalent pneumococcal CRM197
conjugate vaccine in infants and toddlers [In Process

Citation]. Pediatr Infect Dis J 1999; 18 : 757–63.
22. Mbelle N, Huebner RE, Wasas AD, Kimura A, Chang

I, Klugman KP. Immunogenicity and impact on naso-
pharyngeal carriage of a nonavalent pneumococcal

conjugate vaccine. J Infect Dis 1999; 180 : 1171–6.
23. Eskola J, Anttila M. Pneumococcal conjugate vaccines.

Pediatr Infect Dis J 1999; 18 : 543–51.

24. Kalin M. Pneumococcal serotypes and their clinical
relevance. Thorax 1998; 53 : 159–62.

Resistant carriage in Indian infants 497


