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Assessment of Pneumococcal Conjugate
Vaccination on Nasopharyngeal Pneumococcal
Carriage: A case study of vaccinated and
unvaccinated Children under-Five Years
attending Mbale Municipality Health Centers,
Eastern Uganda.

Running Title: Immunization and Pneumococcal
Carriage in Uganda

ABSTRACT

Aims: To determine the nasopharyngeal carriage of Streptococcus pneumoniae among
children under-5 years of age who have been vaccinated with Pneumococcal Conjugate

Vaccine (PCV-10) and those unvaccinated in Mbale Municipality, Eastern Uganda.

Study design:This was a cross sectional study

Place and Duration of Study: The study was conducted in Mbale Municipality Health

Centres, Eastern Uganda during the period of September 2015 and June, 2016.

Methodology: We enrolled 280 children (140 vaccinated with PCV 10 and 140
unvaccinated). Demographic data were obtained from the care givers, and vaccination status
from the caregiver and the vaccination card. Nasopharyngeal swabs were tested for
Streptococcus pneumonia at least four weeks post immunization. Pneumococal carriage was

defined by a positive culture, with an identification of Streptococcus pneumoniae.
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Results: The overall prevalence of Streptococcus pnuemoniae carriage was 123 0f280
(43.93%; 95% Confidence interval: 39.88-47.69) with the rate among the immunized of
14.29% (95%% ClI: 11.33-16.73), compared to the 78.57% (95%Cl: 81.34-88.61) among the
unvaccinated children. The odds ratio of pneumococcal carriage was 7.4 among the

unvaccinated children compared to the PCV immunized children.

Conclusion: Vaccination with PCV offers protection to the risk of pneumococcal carriage.
This study emphasizes the value of monitoring for the impact of PCV vaccination program in

order to reassure health care workers and families.

Keywords: Children under-five years, nasopharyngeal carriage, Pneumococcal Conjugate

Vaccine, Streptococcus pneumoniae.

1. INTRODUCTION

Worldwide, pneumonia accounts for 16% of the under-five mortalities [1]. Pneumonia is an
independent predictor of childhood mortality and kills more children under-five years than
human immune deficiency virus (HIV), malaria, and measles combined [1-3]. The major
causative agents of pneumonia are Streptococcus pneumoniae, Haemophilus influenza type b

(Hib), and respiratory syncytial virus (RSV) [4-7].

Streptococcus pneumoniae accounts for a third of all childhood pneumonia-associated deaths
[8]. The microbe can be found in the child’s nose or throat; from where it is then aspirated into
the respiratory secretions to colonize the nasopharynx and ultimately cause blood-borne

disease [6, 9].

Vaccination against S. pneumonia has been shown to be very effective in decreasing hospital

cases of pneumonia in high income countries as well as low income countries [10-13]. Given
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this impact, Uganda added the 10-valent Pneumococcal Conjugate Vaccine (PCV-10)
administered at 4weeks, 10weeks and 14weeks into the National Immunization Program in 2014
[2]. However, the major drop in local hospitalization for pneumonia has not yet been seen and
the burden of pneumonia among children under-five remains high. Research conducted in
Eastern Uganda revealed an increase of documented pneumococcal infections from 56% in
2011 to 70% of hospitalized children under five years of age in 2016 [14, 15]. As the roll out of
PCV-10 intensifies, there is a need to demonstrate locally that it is having an impact. Studies in
other settings have shown that pneumococcal vaccine can decrease nasopharyngeal carriage
[10-13, 16]. Therefore, we examined pneumococcal carriage burden among children vaccinated

with PCV-10 and those unvaccinated in Mbale Municipality Health Centres, Eastern Uganda.

2. MATERIAL AND METHODS

Study design, site and population:

This was a cross sectional laboratory based study, involving bacteriologic examination of
nasopharyngeal swab samples among children under 60 months of age attending
Namakwekwe, Namatala, Maluku, Busamaga and Wanale health centers in 2016-2017. The
study enrolled children who presented to the health facility with signs and symptoms of
pneumonia such as fever, wheezing, fast breath and negative malaria rapid diagnostic test
(RDT). We excluded children who had malaria, cough or runny nose with out fever. Our
population comprised children under-five years, whose care givers consented to the study. As
vaccination with PCV had already been incorporated into the Uganda National Expanded
Program on Immunization (UNEPI), we considered children to be in the vaccinated group if at

least 4 weeks or more has passed since the third PCV10 dose.

Sample size estimation and sampling
The sample size was determined based on the formula for the prevalence surveys, with finite

population correction, n=Zo® (p) (1-p)/e2 [17]. Using Zo’ as the normal standard distribution at
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95% confidence interval, p the estimated prevalence of pneumococci among children under five
years of age reported at 66% [14], and e as the margin of error estimated at 10% for the
prevalence surveys; a sample size of 140 was considered for the unvaccinated group and
unequal number for the vaccinated. Children were purposively enrolled into the study, through

the week days of Monday to Friday.

Sample: The swabs were taken by trained technicians using a pre-packed sterile calcium
alginate flexible swab (Copan, Brescia, lItaly). Swabbing was done at the back of the
nasopharynx as guided by World Health Organization (2013). Following collection, swabs were
placed in a mililitre of skim-milk tryptone glucose glycerol (STGG) transport media, and
transported to the Microbiology laboratory at Mbale Regional Referral Hospital at —20°C. All
swabs were processed within 8 hours of collection for primary culture, isolation and

identification.

Sample analysis: Nasopharyngeal swabs were processed as described by Rutebemberwa et al
[15]. Pneumococci were identified using a zone of inhibition around the optochin disk, and
bacteriologic characteristicswhich included: alpha hemolysis, flat and irregularly shaped
colonies. In instances were two or more morphologically different colonies were identified, these

were separately isolated.

Identification of S. pneumoniae: S. pneumoniae was identified asGram-positive cocci, alpha
hemolytic colonies on the plates. Further identification was done as described by
Rutebemberwa et al [15]. The overall flow chart explaining identification algorithm for S.
pnuemoniae isolates was adopted from the standard operating procedure of Mbale Regional

Referral Hospital as given below;

Nasopharyngeal (NP) swab transported using STGG media

y

Cultured on blood agar




84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

)

Colonial identification of Streptococcus pnuemoniae
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Optochin susceptibility (Disk with 6mm diameter and 5¢g

Susceptible (> 14mm)
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concentration)

y y
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Bile solubility testing
4
Soluble Insoluble
y
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Data analysis: Data was analyzed using SPSS version 18.0, and presented asa bar graph and

a table. Pearson’s square and p-value was used to interpret the statistical association. A p-value

less than 0.05 wasconsidered statistically significant.

Quality control measures: Known strain of Streptococcus pneumonia (ATCC 49619) was

used. In addition, quality control of the culture media was ensured by performing sterility and

fertility testing. Sample analysis was conducted in strict adherence to the Standard operating

procedures (SOPs).
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3. RESULTS

Characteristics of study participants: Of 364 approached, 280 caregivers consented to have
their child enrolled. The main reason for declining participation was concern about the
invasiveness of the nasopharyngeal swabbing procedure. These were equal numbers (n=140)
of PCV vaccinated and unvaccinated children. The mean age was 23 months (range: 4-59
months). By vaccination status, the mean age of the vaccinated group was 14.1 months, while
the unvaccinated was 39.7 months. There were 151 males and 129 females. Additionally, 81
(53.64%) of the male participants were vaccinated, while 59 (45.74%) were unvaccinated. There
were 59 (45.74%) vaccinated female participants and 70 (54.26%) were unvaccinated as

indicated in figure 1.

Figure 1: showing the vaccination status of study participants

Destribution of study participants by vaccination status
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B Unvaccinated 70 70

Isolation of Streptococcus pnuemoniae among study participants: The overall prevalence

of Streptococcus pnuemoniae was 123 of the 280, (43.93% (95% Confidence interval: 39.88-
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47.69). Streptococcus pnuemoniaewas isolated in only 13 (9.29%) of the vaccinated
participants, while it was isolated among 110(78.57%) children who had not been vaccinated

with PCV as indicated in table 1.

Table 1: showing Streptococcus pneumonia isolated

Immunization Status  Streptococcus pneumoniae

No Yes Total Odds ratio (P-value)
Immunized 127 (90.71) 13 (9.29) 140 (100)  7.4259 (0.000)
Not Immunized 30 (21.43) 110 (78.57) 140 (100)
Total 157 (56.07) 123 (43.93) 280 (100)

4. DISCUSSION

This study revealed a high nasopharyngeal carriage rate (78.57%) of Streptococcus
pnuemoniae in Mbale Municipality, Eastern Uganda amongst unvaccinated children under 60
months of age. In Contrast the rate amongst the immunized was less than 10%. These findings
are in agreement with a systematic review of pneumococcal carriage in sub-Saharan Africa that
showed carriage rates of 21-94% [16]. The overall prevalence in the unimmunized is similar to
that noted among the Gambian communities (72%) [16]. The unimmunized children were on
average older than the immunized, mostly likely reflecting when the PCV 10 program had been

inaugurated

Streptococcus pnuemoniae was isolated in less than 10% of the PCV vaccinated participants.
This observation affirms the protective effect to the Streptococcus pnuemoniae infection post
immunization as has been shown in other studies [11, 13, 15, 18, 19]. Since the Streptococcus
pneumoniae microbes were not serotyped we do not know if this represented carriage of
organisms in PCV 10 or other serotypes. These findings provide local evidence of impact of

PCV10 immunization which is reassuring for the immunization program and for families.
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These data also emphasize the high burden of pneumococcal carriage is Mbale Municipality,
and therefore risks more children under-five to pneumococcal infections. This observation is
similar to what has been reported elsewhere in Uganda [8, 15, 19]. Until immunization rates
become high, many children under five remain vulnerable. Management of pneumonia must be

done with care keeping the possibility of pneumococcalinfection in mind.

Based on our findings, we report that pneumococcal carriage remains a threat to children under-
five in our community despite the introduction of universal access to PCV vaccination. Given the
ease with which unimmunized children were recruited, it is clear that there are still problems with
access and/or caregiver acceptance of this vaccine and older children under 60 months are less

likely to be immunized,

There are limitations to this study. We do not know if there is a seasonal variation in carriage.
We do not know the overall coverage rate of PCV10 in this population. We also do not know the
serotypes for either the immunized or the unimmunized children. Hence we cannot judge the full

impact of PCV10 on carriage.

5. CONCLUSION

Based on our study findings, we report a high prevalence of pneumococcal carriage among
unimmunized children under-five years in Mbale Municipality. PCV 10 immunization was
associated with significantly less colonization. Not surprisingly, given when the PCV10 program
commenced, the mean age of the immunized children was lower than for the unimmunized.
PCV10 is having a demonstrable effect in this community even if the rate of pneumococcal
hospitalization amongst young children has not yet dropped. This failure to see a decline is most
likely due to inadequate population coverage levels given the ease with which unimmunized
children were recruited. This lower rate of colonization among children who had been

immunized with PCV10 should be reassuring for health care workers and families. Concerted



161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

efforts are needed to ensure wide availability and access to PCV10 for young children in this

region in order to lessen childhood mortality risk due to pneumococcal infections
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224 ACRONYMS AND ABBREVIATIONS

225 PCV: Pneumococcal Conjugate Vaccine; PPSV: Pneumococcal Polysaccharide Vaccine; CDC:
226  Centers for Disease Control and Prevention; WHO: World Health Organization; MOH: Ministry of
227 Health; B.A: Blood agar; BHI: Brain Heart Infusion; CHO: Chocolate
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