Taylor & Francis
Taylor & Francis Group

Upsala Journal of Medical Sciences

ISSN: 0300-9734 (Print) 2000-1967 (Online) Journal homepage: https://www.tandfonline.com/loi/iups20

High prevalence of antibiotic resistance in
nasopharyngeal bacterial isolates from healthy
children in rural Uganda: A cross-sectional study

Elizeus Rutebemberwa, Betty Mpeka, George Pariyo, Stefan Peterson,
Edison Mworozi, Freddie Bwanga & Karin KaLlander

To cite this article: Elizeus Rutebemberwa, Betty Mpeka, George Pariyo, Stefan Peterson, Edison
Mworozi, Freddie Bwanga & Karin KaLlander (2015) High prevalence of antibiotic resistance in
nasopharyngeal bacterial isolates from healthy children in rural Uganda: A cross-sectional study,
Upsala Journal of Medical Sciences, 120:4, 249-256, DOI: 10.3109/03009734.2015.1072606

To link to this article: https://doi.org/10.3109/03009734.2015.1072606

8 © 2015 Taylor & Francis. @ Published online: 25 Aug 2015.
\]
CA/ Submit your article to this journal & il Article views: 1537
A P
& View related articles &' @ View Crossmark data (&'
CrossMark

@ Citing articles: 13 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=iups20


https://www.tandfonline.com/action/journalInformation?journalCode=iups20
https://www.tandfonline.com/loi/iups20
https://www.tandfonline.com/action/showCitFormats?doi=10.3109/03009734.2015.1072606
https://doi.org/10.3109/03009734.2015.1072606
https://www.tandfonline.com/action/authorSubmission?journalCode=iups20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iups20&show=instructions
https://www.tandfonline.com/doi/mlt/10.3109/03009734.2015.1072606
https://www.tandfonline.com/doi/mlt/10.3109/03009734.2015.1072606
http://crossmark.crossref.org/dialog/?doi=10.3109/03009734.2015.1072606&domain=pdf&date_stamp=2015-08-25
http://crossmark.crossref.org/dialog/?doi=10.3109/03009734.2015.1072606&domain=pdf&date_stamp=2015-08-25
https://www.tandfonline.com/doi/citedby/10.3109/03009734.2015.1072606#tabModule
https://www.tandfonline.com/doi/citedby/10.3109/03009734.2015.1072606#tabModule

Upsala Journal of Medical Sciences. 2015; 120: 249-256 Taylor & Francis

Taylor &Francis Group

High prevalence of antibiotic resistance in nasopharyngeal bacterial
isolates from healthy children in rural Uganda: A cross-sectional
study

ELIZEUS RUTEBEMBERWA!, BETTY MPEKA?, GEORGE PARIYO?,
STEFAN PETERSON"*>, EDISON MWOROZI°, FREDDIE BWANGA’
& KARIN KALLANDER"*8

"Makerere University School of Public Health, Kampala, Uganda, *Abt Associates, Kampala, Uganda, >Johns
Hopkins Bloomberg School of Public Health, Baltimore, MD, United States, *Division of Global Health, Department
of Public Health Sciences, Karolinska Institutet, Stockholm, Sweden, 3 International Maternal and Child Health
Unit, Department of Woman and Child Health, Uppsala University, Sweden, *Department of Paediatrics and Child
Health, Makerere University Medical School, Kampala, Uganda, "Department of Microbiology, Makerere
University Faculty of Medicine, Kampala, Uganda, and *Malaria Consortium, London, United Kingdom

Abstract

Background: In Uganda, the main causes of death in children under 5 years of age are malaria and pneumonia—often due to
delayed diagnosis and treatment. In preparation for a community case management intervention for pneumonia and malaria,
the bacterial composition of the nasopharyngeal flora and its in vitro resistance were determined in children aged five or
under to establish baseline resistance to commonly used antibiotics.

Methods: In a population-based survey in April 2008, nasopharyngeal specimens were collected from 152 randomly selected
healthy children under 5 years of age in the Iganga/Mayuge Health and Demographic Surveillance Site (HDSS). Medical
history and prior treatment were recorded. Demographic characteristics and risk factors for carriage of resistant
strains were obtained from the HDSS census. Bacteria were isolated and analysed for antibiotic susceptibility using disk
diffusion and E test.

Results: Streptococcus pneumoniae (S. pneumoniae) carriage was 58.6%, and, while most (80.9%) isolates had intermediate
resistance to penicillin, none was highly resistant. Whereas no isolate was resistant to erythromycin, 98.9% were resistant to
trimethoprim-sulphamethoxazole (co-trimoxazole).

Conclusions: In vitro resistance in S. pneumoniae to co-trimoxazole treatment was high, and the majority of isolates had
intermediate resistance to penicillin. To inform treatment policies on the clinical efficacy of current treatment protocols for
pneumonia in health facilities and at the community level, routine surveillance of resistance in pneumonia pathogens is
needed as well as research on treatment efficacy in cases with resistant strains. Improved clinical algorithms and diagnostics
for pneumonia should be developed.

Key words: Anuibiotic resistance, children, community case management, pneumonia, Streptococcus pneumoniae

Introduction attributed to pneumonia (1). Bacteria such as

Streptococcus  pneumoniae, Haemophilus influenzae
Worldwide in 2013, 935,000 children younger than 5 type b (Hib), and Staphylococcus aureus are respon-
years of age die of pneumonia, and in sub-Saharan sible for the majority of these infections, but also
Africa an estimated 16% of child deaths are viruses, parasites, and fungi can cause pneumonia
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(2,3). Reducing the pneumonia death toll requires
preventive interventions (e.g. adequate nutrition and
immunizations), but the main difference between life
and death for a child sick with pneumonia hinges on
prompt and appropriate treatment with an effective
drug (4). Yet in 2012 UNICEF published Preumonia
and diarrhoea—Tackling the deadliest diseases for the
world’s poorest children, which revealed that less than
29% of the worlds’ children with potential pneumo-
nia receive antibiotics for their illness (5).

In an attempt to improve access to essential
medicines in countries with weak health systems,
strategies for managing pneumonia in the community
are recommended (6). These strategies typically use
trained community health workers (CHWSs) to assess,
classify, and treat children using antibiotic and anti-
malarial drugs. While community case management
(CCM) of malaria and pneumonia can reduce mor-
tality (7,8) there is a concern that CHWS’ perform-
ance is poorer when they are required to manage
several illnesses and that over-treatment and anti-
biotic resistance in bacteria could be negative conse-
quences of these programmes (9).

The worldwide incidence of infections caused by
pneumococci resistant to penicillin and other anti-
microbial agents has increased at an alarming rate
during past decades (10). Resistance is believed to be
driven by antibiotic use (both appropriate and
inappropriate), dose, and duration of therapy (11).
The use of broad-spectrum antibiotics, as a substi-
tute for precise diagnosis or to enhance the likelihood
of treatment success, and use of sub-standard medi-
cines, which give sub-optimal blood drug concentra-
tions, enhance the selection rate of resistant bacteria
(12). While prophylactic use of trimethoprim-
sulphamethoxazole (TMP-SMX, or co-trimoxazole)
to prevent opportunistic infections in HIV+ patients
is policy in several sub-Saharan countries, many of
these countries are also using co-trimoxazole as first-
line treatment for non-severe pneumonia.

A major factor in the pathogenesis of pneumo-
coccal disease, its transmission, and spread of drug
resistance is the nasopharyngeal reservoir of bacteria
which is carried by up to 60%-70% of healthy
children (13). The colonizing strains, which are
carried for a mean duration of 6 weeks, can easily
spread from one child to another (14), and their
characteristics and susceptibility patterns have been
shown to be similar to those involved in invasive
illness (15). Hence, studies of the nasopharyngeal
reservoir of bacteria can provide useful information
about the prevalence and resistance patterns of
respiratory pathogens in a population, and how
these characteristics change over time.

High rates of in witro resistance to antibiotics
have been found in nasopharyngeal isolates in both
Gram-positive (e.g. Streptococcus pneumoniae) and
Gram-negative (e.g. Haemophilus influenzae and
Moraxella cararrhalis) respiratory organisms (16,17).
We were unable to find any population-based study
of nasopharyngeal carriage and resistance in respira-
tory pathogens in Uganda. Hence, our objective was
to establish the bacterial composition of nasopha-
ryngeal flora and its i vitro resistance in healthy
children at the community level. The study was
carried out as a baseline before the introduction of
integrated community case management of fever
using amoxicillin for presumptive pneumonia and
artemether—lumefantrine (Coartem) for presumptive
malaria.

Materials and methods

A cross-sectional survey of nasopharyngeal carriage
among healthy children under five was conducted
in the Iganga/Mayuge Health and Demographic
Surveillance Site (HDSS) in Eastern Uganda in
April 2008. The HDSS follows standard INDEPTH
network methodology (18) and keeps a census of
65,000 people living in a geographically defined area
totalling 3931 km?. A sample of 152 households with
children younger than 5 years of age was selected
from the HDSS population register using simple
random sampling. Each of the selected households
was visited, and one child aged between 2 and 59
months was selected using a lottery method. The
primary caretaker was interviewed using a pretested
questionnaire for information on socio-demographic
characteristics, illness symptoms, and treatments in
the last 2 weeks. The household identifier was linked
to the HDSS database for retrieval of household
characteristics such as crowding, water source, and
number of children <5 years.

With caretaker consent a nasopharyngeal speci-
men was collected by a lab technician in each of the
152 children. Pre-packed sterile calcium alginate
swabs on flexible aluminium shafts (BD, Franklin
Lakes, New Jersey, USA) were used. The swabs were
placed in Amies transport medium in a tube. Tubes
were transported within 12 h to the Microbiology lab
at Makerere University Medical School.

Each sample was registered in a book, where date
of receipt, lab number, and household number were
entered. Each swab was streaked within 3 h on blood
agar plates supplemented with 7% sheep blood as
well as on chocolate agar. An optochin disk was
placed in the first streak area, and plates were
incubated at 37°C in 5%-10% CO, for 24-48 h.
S. pneumoniae was identified by an inhibition zone



Table I. Disk diffusion interpretation.
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Zone diameter interpretation (mm)

Agent Disk content/mL Susceptible Intermediate Resistant
Oxacillin 1 pg oxacillin >20 a a
Trimethoprim-sulphamethoxazole 1.25/23.75 ng >19 16-18 <15
Erythromycin 15 pg >21 - <20

If the zone diameter for oxacillin is <20 mm, an isolate cannot be reported as susceptible, intermediate, or resistant, and MIC testing must
be conducted for an appropriate penicillin (or other f-lactam) drug (19).

around the optochin disk and the presence of
o-haemolytic, flat, irregularly shaped colonies with
central depression with maturity. H. nfluenzae was
identified by morphology (convex, smooth, pale,
grey, or transparent) and with oxidase test, Gram
stain, satellitism, and growth dependence on factors
X and V. M. catarrhalis isolates were identified using
standard microbiological methods: colony morph-
ology (grey-white hemispheric colonies about 1 mm
in diameter), Gram stain, oxidase test, DNase
production, and a nitrate reduction test.

S. pneumoniae colonies from a 24-h-old subculture
were suspended in sterile normal saline to achieve a
density equal to a 0.5 McFarland standard. The
inoculum was swabbed onto three plates of Mueller—
Hinton agar supplemented with 7% sheep blood.
Antimicrobial susceptibility to penicillin (1 pg oxacil-
lin disc was used), erythromycin (15 pg), and TMP-
SMX (co-trimoxazole) (1.25/23.75ug) was deter-
mined by disk diffusion (Biolab Inc., Budapest,
Hungary). Streptococcus pneumoniae ATCC 6303 was
used as control, and results were within acceptable
ranges. Minimum inhibitory concentration (MIC) of
penicillin for S. pneumoniae was determined using E
test (bioMérieux, Marcy I’Etoile, France). Antibiotic
discs or E test strips were placed on the swabbed
plates, which were then incubated for 24 h at 37°C in
5% CO,. Zone diameters and MIC of various
antibiotics were read and interpreted using Clinical
and Laboratory Standards Institute guidelines (19).
The disk diffusion interpretation is shown in Table I.
H. influenzae was only analysed for detection of
B-lactamase activity, determined by the chromogenic
cephalosporin nitrocefin (BR66A; Oxoid Limited,
Basingstoke, United Kingdom) method using known
B-lactamase positives as controls.

The study protocol was reviewed by the
Institutional Review Board at Makerere University
School of Public Health, and ethical approval was
obtained from Uganda National Council for Science
and Technology (Ref HS 72). Verbal consent was
obtained from district and village leaders as well
as from caretakers while the studied children gave
assent.

Table II. Socio-demographic characteristics of the household
heads, caretakers, and children.

Variable Number of children (%)
Child age
<2 years 77 (50.7)
>2 years 75 (49.3)
All 152 (100)
Child sex
Girl 79 (52.0)
Boy 73 (48.0)
All 152 (100)
Residence
Rural 110 (82.1)
Urban 24 (17.9)
All 134 (100)
Water source
Spring water 95 (73.6)
Well water 33 (25.6)
Piped water 1 (0.8)
All 126 (100)
Number of children under 5 in household
1 70 (49.3)
2 54 (38.0)
3 11 (7.8)
4 6 (4.2)
6 1 (0.7)
All 142 (100)
Number of people per bedroom
0-2 13 (10.3)
3-5 84 (66.1)
5+ 30 (23.6)
All 127 (100)
Results

Descriptive statistics

The median age of the 152 children was 24 months
(Interquartile Range (IQ) 12-33.5). Fifty-two per
cent of the children were girls (Table II). Complete
socio-demographic profile was available for 82.9%
(126/152) of the included children, of whom 82.1%
were from rural villages and 73.6% used spring water
as their primary water source. The median number
of children less than 5 years of age per household was
2 (IQ 1-2), and the median number of household
members per bedroom (as a measure of crowding)
was 4 (IQ 3-5).
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Table III. Antimicrobial susceptibility of isolated respiratory pathogens, n = 89 (%).

Agent Bacterium Susceptible Intermediate Resistant
Oxacillin® S. pneumoniae 17 (19.1) N N
Nitrocefin® Moraxella sp. 2 (9.5) - 19 (90.5)
Haemophilus sp. 12 (75.0) 4 (25.0)
Trimethoprim-sulphamethoxazole® S. pneumoniae 1 (1.1) 0 88 (98.9)
Erythromycin® S. pneumoniae 89 (100) - 0
Penicillin® S. pneumoniae 17 (19.1) 72 (80.9) 0

#Determined by disk diffusion.
®Determined by E test.

°If the zone diameter for oxacillin is <20 mm, an isolate cannot be reported as susceptible, intermediate, or resistant, and MIC testing must
be conducted for an appropriate penicillin (or other B-lactam) drug (19).

Illness and antibiotic use in the previous 2 weeks

According to reports of the mothers, 95% (145/152)
of the children had been sick in the previous 2 weeks.
Among these, the most common symptoms were
fever (91.7%; 133/145), running nose (61.4%;
89/145), and cough (44.8%; 65/145). No child was
reported to have had fast breathing. Of the children
who had been sick, 27.6% (40/145) had reportedly
been given an antibiotic, mostly co-trimoxazole
(77.5%; 31/40) and ampicillin (12.5%; 5/40). Only
one child had been given amoxicillin. Antibiotics
were given to 29.2% (19/65) of children with cough,
27.3% (24/88; 1 observation missing) of those with
running nose, and 26.3% (35/131; 2 observations
missing) of those with fever.

Nasopharyngeal carriage

S. pneumoniae was recovered from 58.6% (89/152) of
the children, M. catarrhalis from 15% (23/152), and
H. influenzae from 11% (16/152). Of all children
sampled 34% (52/152) had none of the three
bacteria, 20% (30/152) had two of the three bacteria
(16 had M. catarrhalis + S. pneumonia, and 14 had
H. wnfluenzae + S. pneumonia). No child had all
three bacteria. There was no difference in pneumo-
coccal carriage between boys and girls, between
children <6 months versus older children, bedroom
crowding, or number of under-5 children in the
household.

Antimicrobial suscepribiliry

Of the pneumococcal isolates 98.9% (88/89) were
resistant to co-trimoxazole, and 80.9% (72/89) had
intermediate resistance to penicillin. None was
highly resistant to penicillin (>2 pg/mL) (Table III).
Sex, previous illness symptoms, treatment taken, and
socio-economic or household profile had no effect on
carriage of non-susceptible or intermediately

resistant S. pneumoniae. Of the 16 H. influenzae
isolates, 4 (25%) were producing -lactamase.

Discussion

This study, which is one of the first population-based
studies from East Africa that determines both the
bacterial composition of the nasopharyngeal flora
and its i vitro resistance in healthy children at the
community level, shows colonization rates of 59% for
S. pneumonia, 15.1% for M. catarrhalis, and 10.5%
for H. influenzae. The S. pneumoniae colonization
rate has been shown to vary geographically. While the
59% carriage rate found in our study is consistent
with the 51%-60% prevalence found in coastal
Kenya (20), it is much lower than the 97% observed
in Gambian infants (21). Other studies from children
in hospital settings in southern Africa generally show
higher carriage rates (>69%) (22,23). Apart from
differences in sampling frames, other factors influen-
cing nasopharyngeal carriage rates include age,
season, number of siblings, and acute respiratory
illness (24). Our study did not show any significant
association between pneumococcal carriage and
these known risk factors, probably due to the small
sample size.

Almost all pneumococcal strains were resistant
m ovitro to the treatment that was first line for
pneumonia at the time of the study, co-trimoxazole,
and 81% had intermediate resistance to penicillin.
No isolate had high resistance to penicillin
(>2.0 pg/mL). Nevertheless, the 99% co-trimoxazole
resistance is very high, and similar levels have only
been observed in one other study, also from Uganda
but in an adult population (25). Previous studies on
pneumococcal isolates showed that co-trimoxazole
resistance varied depending on sampling frame: from
39% in healthy village children in the Gambia (21),
83.5% in healthy children in a Ugandan hospital
(26), and 64% in patients with invasive disease in
South Africa (27). Yet the extreme levels of
pneumococci resistant to co-trimoxazole reported



from studies in Uganda have not been observed in
any other country. While the result of the suscepti-
bility testing indicates a very homogeneous suscep-
tibility pattern, a clonal spread could be suspected.
However, the study area is large, and it is unlikely
that the children sampled lived very close to each
other or would ever have met. The molecular
characteristics of pneumococci in healthy carriers
and cases with invasive disease need to be deter-
mined to explain further the transmission and the
high prevalence of non-susceptible bacteria in the
study area.

Penicillin resistance patterns also vary greatly
between countries (0%—79%), and it is well docu-
mented that resistance in pneumococci is increasing
globally (16). Most studies on carriage of resistant
pneumococci are conducted on hospital-based sam-
ples, such as another Uganda study which found
83.5% intermediate penicillin resistance (26). Of the
few population-based studies from sub-Saharan
Africa that were identified, intermediate penicillin
resistance ranged from 14% in village-based infants
in the Gambia (21,28), 45% in children in urban
Ghanaian kindergartens (29), to 67% in healthy
Tanzanian children attending an urban clinic (30).
Again, it appears that Uganda, where we found 80%
intermediate penicillin resistance, is on the higher
end of the global penicillin-non-susceptible
S. pneumoniae spectrum.

Despite these remarkable in vitro resistance rates
of S. pneumoniae in the nasopharyngeal flora, the
clinical relevance of these findings has not been
clearly established. While there is evidence of the
inferiority of co-trimoxazole i vivo efficacy in
treating pneumonia (31), most studies have not
been able to show any consistent association between
in vitro resistance to co-trimoxazole and failure of
therapy in cases of non-severe pneumonia (32).
Studies that documented impact of B-lactam resist-
ance on pneumococcal pneumonia mortality (33,34)
had not been adjusted for severity of disease or HIV
infection (35). In addition, susceptibility is rarely
determined in community settings, but data primar-
ily come from hospitalized patients where aggressive
intravenous and/or multi-drug therapy makes the
impact of therapy difficult to assess (11).

In 2009 the World Health Organization (WHO)
recommended that while co-trimoxazole may be an
alternative in some settings, national treatment
policies should change to amoxicillin as first-line
treatment of children 2-59 months of age diagnosed
with pneumonia (36,37). Yet, despite the widespread
pneumococcal i vitro resistance to co-trimoxazole,
the treatment is still used as a first choice for
treatment of pneumonia in many countries, primarily
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due to its low cost, few side effects, and because it
can be safely used by health workers at the peripheral
health facilities and at home by mothers (31). While
agencies like UNICEF and WHO recommend that
‘the clinical efficacy of pneumonia treatment should
be monitored regularly to revise national treatment
policies based on antimicrobial resistance informa-
tion, clinical outcomes and other data’ (38), such
surveillance has been sporadic in most of sub-
Saharan Africa.

Hence, more studies on how i vitro resistance in
pneumococci translates into clinical outcomes in
patients with varying treatment regimens and disease
severity are urgently needed to optimize the clinical
management of pneumonia (11,35). Meanwhile,
monitoring of the bacterial reservoir in the society
over time can provide important information on the
characteristics and spread of respiratory bacteria,
especially in relation to interventions such as com-
munity case management and introduction of vac-
cines against respiratory pathogens.

The most important factor driving resistance is
previous exposure to antibiotics (24,35). In our study
one-third of children in the community had been
given an antibiotic in the previous 2 weeks. Since a
child in this context is expected to suffer from 0.3
episodes of pneumonia per year (39) it is apparent
that over-treatment with antibiotics is common. The
WHO case management guidelines (40,41), which
are based on simple clinical signs to help health
workers identify and appropriately manage pneumo-
nia and other illnesses in the community and health
facilities, have shown to increase rational prescribing
of medicines (42). However, as WHO guidelines do
not make a distinction between viral and bacterial
pneumonia, these children continue to receive anti-
biotics because of the concern that it may not be safe
to do otherwise.

Hence, studies on how to reduce unnecessary
prescribing, not only in health facilities but also at
the community level and in the private sector, are key
to preserve the efficacy of existing antibiotics. There
is a need for simple methodologies to help health
workers collect relevant data that can inform deci-
sion-makers to change policy and guidelines from
first- to second-line antibiotics (43). Scaling up the
pneumococcal vaccine (PCV) for children is a
potential strategy to reduce the incidence of pneumo-
coccal disease and possibly also reduce the problem
with resistant strains among PCV serotypes.
However, the actual role of the PCV in relation to
pneumococcal resistance development is not yet fully
understood, and it is likely that pneumococcal
vaccine pressure has led to the selection of resistance
in non-vaccine pneumococcal serotypes (44); this
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calls for research on a vaccine that targets the
antibiotic = resistance mechanism itself  (45).
Research is also warranted to identify inexpensive
and efficacious alternative antibiotic regimens that
are associated with good adherence such as through
co-formulated combination therapy, less frequent
dosing, and shorter courses. More specific diagnostic
criteria for acute respiratory infection and improved
diagnostic tests should be developed and evaluated in
clinical practice.

There are some methodological limitations of this
study to keep in mind. The very high prevalence of
reported illness is likely a result of caretaker over-
reporting, and as a consequence illness data should
be interpreted with caution. It is possible that the
study purpose was not explained sufficiently well,
leading caretakers to give answers which she or he
expected to be ‘desired’ by the interviewer (46). This
study was also based on a small study sample, which
did not allow for stratified analysis. While we were
unable to type the pneumococcal isolates for sero-
types and clones, data on serotypes and resistance
patterns from the same study population have been
collected at a later stage and will be published
elsewhere (Lindstrand et al., unpublished). Because
the intention of the study was to have a baseline
estimate of nasopharyngeal carriage and resistance
rates in the child population before rollout of blister-
packed amoxicillin through community health work-
ers, the funding did not allow for these molecular
analyses.

We would like to conclude that among the
pneumococci isolated from healthy children in the
community, i wvitro resistance to co-trimoxazole
treatment was high, and the majority of strains had
intermediate resistance to penicillin. To inform
treatment policies on the clinical efficacy of current
treatment protocols for pneumonia in facilities and at
the community level, routine surveillance of resist-
ance in pneumonia pathogens is needed as well as
rigorous research on the association between
pneumococcal i wirro resistance in population-
based samples and in vivo efficacy of treatment of
clinical pneumonia. The revised WHO treatment
guidelines for pneumonia in children, which recom-
mend the use of amoxicillin over co-trimoxazole,
should be rolled out widely. Pneumococcal vaccin-
ation should be scaled up, and improved clinical
algorithms and diagnostics for pneumonia should be
developed.
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