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Abstract
Background: Although causing substantial morbidity, the burden of pneumococcal disease among older children and 
adults in Africa, particularly in rural settings, is not well-characterized. We evaluated pneumococcal bacteremia among 
21,000 persons ≥5 years old in a prospective cohort as part of population-based infectious disease surveillance in rural 
western Kenya from October 2006-September 2008.

Methods: Blood cultures were done on patients meeting pre-defined criteria - severe acute respiratory illness (SARI), 
fever, and admission for any reason at a referral health facility within 5 kilometers of all 33 villages where surveillance 
took place. Serotyping of Streptococcus pneumoniae was done by latex agglutination and quellung reaction and 
antibiotic susceptibility testing was done using broth microdilution. We extrapolated incidence rates based on persons 
with compatible illnesses in the surveillance population who were not cultured. We estimated rates among HIV-
infected persons based on community HIV prevalence. We projected the national burden of pneumococcal 
bacteremia cases based on these rates.

Results: Among 1,301 blood cultures among persons ≥5 years, 52 (4%) yielded pneumococcus, which was the most 
common bacteria isolated. The yield was higher among those ≥18 years than 5-17 years (6.9% versus 1.6%, p < 0.001). 
The highest yield was for inpatients with SARI (10%), compared with SARI outpatients (3%) and acute febrile 
outpatients (1%). Serotype 1 pneumococcus was most common (42% isolates) and 71% were serotypes included in 
the 10-valent pneumococcal conjugate vaccine (PCV10). Non-susceptibility to beta-lactam antibiotics was low (<5%), 
but to trimethoprim-sulfamethoxazole was high (>95%). The crude rate of pneumococcal bacteremia was 129/100,000 
person-years, and the adjusted rate was 419/100,000 person-years. Nineteen (61%) of 31 patients with HIV results were 
HIV-positive. The adjusted rate among HIV-infected persons was 2,399/100,000 person-years (Rate ratio versus HIV-
negative adults, 19.7, 95% CI 12.4-31.1). We project 58,483 cases of pneumococcal bacteremia will occur in Kenyan 
adults in 2010.

Conclusions: Pneumococcal bacteremia rates were high among persons ≥5 years old, particularly among HIV-infected 
persons. Ongoing surveillance will document if expanded use of highly-active antiretroviral treatment for HIV and 
introduction of PCV10 for Kenyan children (anticipated in late 2010) result in substantial secondary benefits by 
reducing pneumococcal disease in adults.
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Background
The burden of disease caused by Streptococcus pneumo-
niae (pneumococcus) in young African children is well-
established [1-3]. A recent analysis estimated over 4 mil-
lion cases and almost a half-million deaths from pneumo-
coccal disease occur among African children < 5 years old
annually [3]. The burden of pneumococcal disease in
older children and adults in Africa, particularly in rural
settings, is less well-characterized, although is likely sub-
stantial. Several studies in Africa have shown pneumo-
coccus to be one of the principal causes of severe
bacterial bloodstream infections in hospitalized adults,
along with Mycobacterium tuberculosis and non-typhi
salmonellae [4-11].

Few studies have assessed rates of pneumococcal dis-
ease because of lack of well-defined denominators in
most African settings [6,7,12-15]. Moreover, no studies
have adjusted rates based on health-seeking patterns
among adults in Africa, where many sick adults do not
attend health facilities. Better understanding of adult
pneumococcal burden and epidemiology in African
adults, including the serotype distribution and contribut-
ing role of HIV disease, will help predict, target and eval-
uate preventive strategies. We evaluated two years of
population-based surveillance from rural western Kenya
to better define the epidemiology and burden of pneumo-
coccal bacteremia among older children and adults, and
identify epidemiological factors that could potentially
decrease this burden.

Methods
Site
CDC's International Emerging Infections Program and
the Kenya Medical Research Institute (KEMRI) have con-
ducted population-based, morbidity surveillance since
late 2005 in Asembo in rural western Kenya. The surveil-
lance population on July 1, 2007 included 21,420 persons
≥5 years old living in approximately 6,000 households. All
participants who resided permanently in the area for 4
calendar months and had been registered in the KEMRI/
CDC Demographic Surveillance System were eligible for
participation in surveillance [16,17]. Malaria transmis-
sion is endemic, occurring year-round, with approxi-
mately 50% of sick children and 15% of sick adults having
malaria positive blood smears in 2006-2008 [16]. The
inhabitants are poor with over 66% of individuals living
below the poverty line [18].

Surveillance methods
All 33 enrolled villages are within 5 kilometers of the
referral facility, Lwak Mission Hospital, which has both
outpatient and inpatient capacity. Study participants
receive free medical care at Lwak for most acute condi-
tions, including all possible infectious diseases. Patients

are examined and diagnosed by study-trained clinical
officers (similar to physician's assistants). As part of sur-
veillance, blood cultures are done on enrolled persons ≥5
years meeting one of three case definitions.

1. Severe acute respiratory illness (SARI), defined as 
cough or difficulty breathing and either temperature 
≥38.0°C or oxygen saturation < 90% (all patients).
2. Acute febrile illness, defined as a temperature 
≥38.0°C, without SARI or other obvious source (e.g. 
bloody diarrhea), irrespective of malaria blood smear 
result (first two patients per day regardless of severity 
or diagnosis).
3. All patients admitted for conditions unrelated to 
injury or obstetrics.

Scannable paper questionnaires are completed on all
sick visits at Lwak, documenting symptoms, health-seek-
ing, physical exam, diagnosis, treatment and outcome
(TeleForm®, Cardiff™, California).

Three other Ministry of Health outpatient health facili-
ties are in or near the surveillance area. Blood cultures are
not done at these facilities and no data is collected on vis-
its to these facilities on participants of the surveillance
population. No private clinics are in the area. HIV care
was available in Lwak and one other area clinic during
this time (one day per week); however, in 2008 only
approximately 26% and 17% of HIV-infected persons
were taking cotrimoxazole prophylaxis and highly active
antiretroviral therapy (KEMRI/CDC data).

Community interviewers visit enrolled households
every two weeks to inquire about illnesses [17]. Symp-
toms are recorded and an abbreviated physical exam is
done by trained field workers. Participants are asked if
and where they sought health care. Using household visit
data, we defined SARI as an episode with cough or diffi-
culty breathing and reported fever and defined acute
febrile illness as someone with reported fever without
cough, difficulty breathing, or bloody diarrhea.

Laboratory
Blood collected for culture was inoculated into commer-
cially-produced blood culture bottles (BACTEC™ Aerobic
PLUS™, Becton Dickinson, Belgium). Seven-to-ten ml of
blood was inoculated in bottles, which remained at room
temperature (approximately 30°C) for 2-6 hours before
being incubated in an automated BACTEC 9050 for 4
days. Blood from bottles signaling a positive culture was
gram-stained and sub-plated onto standard media for
bacteria identification using routine microbiologic tech-
niques [19,20]. Streptococcus pneumoniae was identified
by colony morphology, optochin susceptibility and bile
solubility. Isolates were stored at -70°C in 20% glycerol
broth. Antimicrobial susceptibility patterns were deter-
mined using broth microdilution at the CDC Streptococ-
cus laboratory (Atlanta, US), and minimum inhibitory
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concentrations for nonmeningitis breakpoints were used
according to standard interpretative criteria [19]. Sero-
typing was performed using latex agglutination and quel-
lung reaction by KEMRI/Wellcome Trust in Kilifi, Kenya
(typing sera and reagents purchased from Statens Serum
Institut, Copenhagen, Denmark) or the CDC Streptococ-
cus laboratory (CDC typing sera and reagents).

HIV testing was performed as part of a home-based
testing initiative in 2008 in which all persons ≥13 years in
the surveillance area were offered HIV testing. Approxi-
mately 79% of eligible persons agreed to have an HIV test
or reveal previously positive results (10,197 of 12,906 eli-
gible, KEMRI/CDC data). Eligible persons were adminis-
tered two parallel HIV rapid tests (Determine™, Abbott
Laboratories, USA) and Bioline™ (Standard Diagnostics,
Kyonggi-do, Korea) by trained counselors, with a tie-
breaker test for discordant results (Uni-gold™, Trinity
Biotech, Ireland). We assumed that a person's HIV status
during home-based testing was the same throughout the
study period. Participants without available HIV results
had refused, had out-migrated, or had died before the
home-based testing initiative. We did not do HIV-testing
in the clinic on most patients during this period.

Data analysis
Clinic visits, household visits, and laboratory test results,
including HIV, were linked by common ID numbers. Data
analyses were performed using SAS (version 9.1). Differ-
ences in proportions were assessed by chi-square tests
and means by t-tests. Crude rates were calculated as the
number of cases of pneumococcal bacteremia per
100,000 person-years. Each participating individual con-
tributed person-time according to their dates of residence
within the Demographic Surveillance System from Octo-
ber 1, 2006 - September 30, 2008 [16]. 95% confidence
intervals were calculated for crude rates using Fisher's
method (Computer Programs for Epidemiologists, PEPI,
version 4.0x) and for extrapolated rates using the delta
method [21].

Two adjustments were applied on crude rates. First, a
multiplier was included for the percentage of persons vis-
iting Lwak Hospital who met a criterion for blood culture
and did not have a culture done. The reasons for not get-
ting cultured included the clinician not recognizing that
the patient met the case definition, the patient refusing
the blood draw, febrile patients presenting after two
febrile persons had already been sampled that day, or an
inpatient having already received intravenous antibiotics
before blood for culture could be taken. The percentage
of uncultured patients was obtained separately for 4 age
categories and for each indication for blood culturing. A
second adjustment was made based on the percentage of
persons identified with each of the indications for blood
culture at the household visit who visited a clinic other

than Lwak for that illness. We assumed that those who
visited another clinic had a comparable severity and spec-
trum of etiologies to those that visited Lwak for the same
syndrome.

To estimate the pneumococcal bacteremia rate in HIV-
infected persons, we calculated the numerator by apply-
ing the same proportion of HIV-positivity among
patients with pneumococcal bacteremia in whom HIV
status was known to those whom the HIV status was
unknown. Population prevalence of HIV by age group
was obtained from the home-based HIV testing initiative
in the surveillance population The HIV prevalence
among 18-34 year olds was 19%, among 35-49 year olds
was 28%, and among those ≥50 years was 6%. HIV preva-
lence rates were applied to the person-time calculated for
each age category to obtain the person-years denomina-
tor for adults with and without HIV. Children and adoles-
cents aged 5-17 years were excluded from the HIV-
specific rate calculations as they were not consistently
included in home-based HIV testing so denominator
populations were not calculable. Rate ratios between
HIV-positive and -negative individuals were calculated
using Breslow's test for 95% confidence intervals.

We projected the number of pneumococcal bactere-
mias among persons ≥18 years old in Kenya in 2010. We
used the extrapolated rates of pneumococcal bacteremia
among HIV-positive and HIV-negative persons, the 2010
projected age- and sex-specific population of Kenya, and
the age- and sex-specific HIV prevalence among all
Kenyans from the 2007 Kenya AIDS Indicator Survey
(KAIS) [22,23]. Because KAIS did not do HIV-testing on
persons ≥65 years old, we assumed that all persons ≥65
years were HIV-negative for purposes of the projection.

Ethical review
The protocol and written informed consent forms for
both surveillance and home-based HIV testing were
reviewed and approved by the Ethical Review Board of
KEMRI and the Institutional Review Board of CDC.

Results
During the study period, 16,322 patients ≥5 years visited
Lwak Hospital -- 15,078 (92%) outpatients and 1,244 (8%)
inpatients. Of these, 1,301 (8%) had blood cultures done,
which was 47% of those meeting the indications for blood
culture. Among the 1,301 cultures, 89 (6.8%) yielded true
pathogens (excluding 33 contaminants, 2.5% of total cul-
tures). Eight (0.6%) bottles were BACTEC alarm-positive,
but culture-negative. A reported history of prior antibi-
otic use for the current illness did not decrease the recov-
ery of pathogens (9% with antibiotic use versus 6%
without, p = 0.25). Streptococcus pneumoniae was the
most common bacterial isolate, recovered in 52 blood
cultures among 51 patients, accounting for 58% of all
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pathogens and 4% of all blood cultures. (One patient had
bacteremia with serotype 6B pneumococcus in February
and August 2007.) Nontyphi Salmonella group B
accounted for 15 (17%) isolates, Salmonella Typhi for 9
(10%) and Staphylococcus aureus for 8 (9%). The remain-
ing isolates included two Escherichia coli, and one each of
nontypable Haemophilus influenzae, Group B strepto-
coccus, and Klebsiella pneumoniae.

The median age of the 51 patients with pneumococcal
bacteremia was 30 years (IQR 23-47); 11 (22%) were 5-17
years (Table 1). Children, 5-17 years were less likely than
persons ≥18 years to have pneumococcal bacteremia
(1.6% versus 6.9% of cultures, p < 0.001), and less likely to
be infected with HIV (11% versus 82%, p < 0.001). Overall
there was no difference by sex (52% female). Two patients
(4%) had concomitant malaria parasitemia.

The majority (52%) of all pneumococcal bacteremias
were among patients hospitalized with SARI. (Table 2).
Likewise, the highest pneumococcal isolation rate from
blood cultures was among patients admitted with SARI
(10%), compared with 3% for SARI outpatients and for
non-SARI admissions (Table 2). Of note, 6 of 9 admitted
non-SARI inpatients had a cough or difficulty breathing,
although not meeting the SARI definition due to lack of
fever or low oxygen saturation. Using household surveil-
lance data, four (7.7%) patients died within 30 days of
their pneumococcal bacteremic episode, while another 3
(5.8%) died within the following 6 months (at days 30, 75
and 141).

Among the 17 serotypes identified, serotype 1
accounted for 42%, followed by serotypes 6B and 15A (8%
each, Table 3). Thirteen (25%) isolates were serotypes in
the 7-valent pneumococcal conjugate vaccine (PCV7)
and 37 (71%) were in the 10-valent conjugate vaccine
(PCV10). Serotype 1 was more common among younger

patients (82% among 5-17 year olds versus 32% among
persons ≥18 years, p = 0.005), but did not vary by sex
(Table 1). Among patients ≥18 years old with HIV status
available, serotype 1 tended to be less common among
HIV-positive patients (2/18, 11%) compared with HIV-
negative patients (2/4, 50%, p = 0.13). The percentage of
serotypes in PCV10 was lower among HIV-positive per-
sons (12/19, 63%) than among HIV-negative persons (12/
12,100%), p = 0.026).

There was no clear seasonal pattern to pneumococcal
disease, nor did there appear to be temporal or spatial
clustering of serotype 1 cases (Figure 1). There were no
differences in syndrome when comparing serotype 1 to
other serotypes (76% versus 81% were from SARI
patients, respectively, p = 0.70). Among patients infected
with serotype 1 pneumococci, 62% were hospitalized and
9.5% died, which was similar to those infected with other
serotypes, where 74% were hospitalized and 6.5% died (p
= NS).

Among 51 isolates with MIC testing, intermediate
resistance was found among 1 (2%) isolate for parenteral
penicillin, 2 (4%) isolates for amoxicillin and 1 (2%) iso-
late for cefotaxime; no full resistance to beta-lactams was
found. Trimethoprim-sulfamethoxazole nonsusceptibil-
ity was high - 45 (88%) isolates were resistant and 4 (8%)
were intermediate. Only 1 (2%) isolate was resistant to
chloramphenicol and 1 (2%) other isolate was resistant to
clindamycin and erythromycin. No isolates were nonsus-
ceptible to levofloxacin.

The overall crude rate of pneumococcal bacteremia in
persons ≥5 years was 129 cases per 100,000 person-years;
the overall adjusted rate was 419 per 100,000 person-
years (Table 4). Rates were highest among 18-49 year
olds. As a comparison with adult bacteremia rates, during
the same time period five pneumococcal isolates were

Table 1: Bacteremia by age group among persons ≥5 years of age presenting to Lwak Hospital, rural western Kenya, 
October 2006 - September 2008

Age in years 5-17 18-34 35-49 ≥50 Total

Number patients 7683 3678 2375 2586 16322

Number blood cultures (% patients) 703 (9.2 ) 275 (7.5 ) 186 (7.8) 137( 5.3) 1301 (8.0 )

Positive blood cultures (% of cultures)a 21 (3.0) 33 (12.0) 22 (11.8) 13 (9.5) 89 (6.8)

Pneumococcus recovered (% of cultures) 11 (1.6) 22 (8.0) 10 (5.4) 9 (6.6) 52 (4.0)

Serotype 1 (% of pneumococci) 9 (81.8) 6 (27.3) 3 (30.0) 4 (44.4) 22 (42.3)

HIV positive/number tested (%) 1/9 (11.1) 12/13 (92.3) 4/5 (80.0) 2/4 (50.0) 19/31 (61.3)

aExcludes contaminants.
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recovered in children aged < 5 years in 6,932 person-
years, yielding a crude incidence rate of 72 per 100,000
person-years with an adjusted rate of 203 per 100,000
person-years. The extrapolated rate of pneumococcal
bacteremia among HIV-infected persons ≥18 years in the
surveillance population was 2,399 per 100,000 person-
years, compared with 122 per 100,000 person-years in
HIV-negative persons ≥18 years old (Rate ratio 19.7, 95%
CI 12.4-31.1). Extrapolating these rates to the Kenya pop-
ulation, we project that in 2010 there will be 58,483 cases
of pneumococcal bacteremia among persons ≥18 years
old in Kenya, 34,872 among HIV-positive and 23,611
among HIV-negative persons.

Discussion
Like most studies of bacteremia in older children and
adults in Africa, pneumococcus was the most common
pathogen identified, accounting for 58% of isolates [1,4-
9]. Because our study was population-based with active
surveillance in the community, we could adjust crude
rates to better assess actual rates of pneumococcal bacte-
remia, which was almost double that measured in the
clinic. Moreover, home-based HIV testing in the commu-
nity allowed calculation of rates of pneumococcal bacter-
emia in HIV-infected persons, which showed that almost
one in four HIV-infected adults likely suffer pneumococ-
cal bacteremia each year. The extrapolated rate of pneu-
mococcal bacteremia among HIV-positive persons in our

population (2,399 per 100,000 person-years) rivaled the
crude rates among prospective cohorts of South African
miners (2,136 per 100,000 person-years) and HIV-
infected commercial sex workers in Nairobi (2,380 per
100,000 person-years) and HIV-infected adults in a trial
of pneumococcal polysaccharide vaccine in Uganda
(1,200 per 100,000 person-years), and was higher than the
crude rate observed in urban South Africa (197 per
100,000 persons) [6,12-14]. In rural western Kenya, HIV
infection seems to drive the high overall rate of pneumo-
coccal bacteremia among adults, being 19.7 times more
common among HIV-positive than HIV-negative adults;
this elevated rate ratio is similar to South Africa (rate
ratios of 6-55) and urban Kenya (rate ratio 17.8) [6,7,13-
15].

The majority (79%) of pneumococcal bacteremic epi-
sodes occurred in patients with SARI with a predomi-
nance among those hospitalized. Only 5 (10%) of
pneumococcal bacteremia patients did not report any
respiratory symptoms. However, culturing only hospital-
ized patients would have missed 31% of pneumococcal
bacteremia. Studies of invasive pneumococcal disease in
Africa have yielded case-fatality proportions averaging
14-16%; the lower case-fatality proportion we found
(7.7%) likely results from inclusion of outpatients, as well
as not collecting cerebrospinal fluid on higher mortality
meningitis cases [6,7,9,12,14,24]. The serotype distribu-
tion in western Kenyan is similar to that found in other

Table 2: Bacteremia by clinical syndrome among persons ≥5 years of age presenting to Lwak Hospital, rural western Kenya , 
October 2006 - September 2008

SARIa - Not Admitted SARI - Admitted Admitted -- not SARI Fever Only (temp >= 38.0) Total

Number patients (N) 1030 418 822 481 2751

Number blood cultures (% 
clinic visits)

514 (49.9) 264 (63.2) 315 (38.3) 190 (39.5) 1283b (46.6)

Positive blood cultures (% 
of cultures)c

25 (4.9) 41 (15.5) 18 (5.7) 4 (2.1) 88 (6.9)

Pneumococcus recovered 
(% of cultures)

14 (2.7) 27 (10.2) 9 (2.9) 2 (1.1) 52 (4.1)

Serotype 1 (% 
pneumococci)

6 (42.9) 11 (40.7) 3 (33.3) 2 (100) 22 (42.3)

HIV positive/number 
tested (%)

5/9 (55.6) 9/13 (69.2) 5/7 (71.4) 0/2 (0) 19/31(61.3)

aSARI is severe acute respiratory illness (see methods).
b18 patients were cultured for other reasons besides the 4 criteria listed.
cExcludes contaminants.
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adult populations in Africa [14,24-31]. Serotype 1 is uni-
formly the most common serotype found among African
adults, ranging from 18-36% [28]. Serotype 1 predomi-
nated in large outbreaks of pneumococcal disease in the
pre-antibiotic era and has more recently caused out-
breaks of meningitis in West Africa [32,33]. We did not
find evidence for serotype 1 outbreaks in our population
as no temporal or spatial clustering of cases occurred.
The increased prevalence of serotype 1 in HIV-negative
compared with HIV-positive individuals, and the con-
verse for the so-called pediatric serotypes in PCV7, has
been shown before [14,15,26,31]. It has been postulated
that HIV-infected adults, like young children, have
reduced immunity to pneumococcal colonization, lead-
ing to increases in disease due to pediatric serotypes that
commonly colonize the nasopharynx [26]. Indeed,

nasopharyngeal colonization among HIV-infected adults
has been shown to be elevated, with rates above 30% in
Kenya and Zambia [34,35]. The high proportion of pneu-
mococci resistant to cotrimoxazole has been shown
before, and likely reflects widespread use of cotrimox-
azole in the community and use of sulfadoxine-
pyrimethamine for malaria treatment in Kenya [35].
Beta-lactam resistance remains low in Kenya and likely
reflects the fact that apart from amoxicillin, few beta-lac-
tam antibiotics are used outside of the inpatient setting.

In Kenya, several large-scale interventions that are
being implemented could lead to a decrease in adult
pneumococcal disease. First, until recently most Kenyans
did not know their HIV status. The 2007 Kenya AIDS
Indicator Survey showed two-thirds of Kenyans did not
know their HIV status and 65% of HIV-infected persons
who needed HAART were not receiving it [22]. However,
HIV testing is now becoming more widespread in Kenya
and HAART is increasingly available for those who need
it due to large multinational funding initiatives. HAART
has been shown to decrease invasive pneumococcal dis-
ease, as well as bacterial pneumonia, in HIV-infected per-
sons [7,36]. Second, Kenya plans to introduce PCV10
(Synflorix™, GlaxoSmithKline, Rixensart, Belgium) for
children in 2010 with support from the Global Alliance
for Vaccines and Immunizations. In the U.S., a large indi-
rect effect of childhood PCV7 (Prevnar™, Wyeth Pharma-
ceuticals, New Jersey, U.S.) vaccination was realized
among adults, with a significant decrease in invasive
pneumococcal disease of 32% among persons 20-39
years, the age group likely to be parents of small children
and also that had the highest rate of pneumococcal bacte-
remia in our study [37]. After PCV7 was introduced in
the U.S., HIV-infected adults showed a 62% decrease in
pneumococcal disease due to vaccine serotypes [38].
PCV10 will include serotype 1, the most common sero-
type among Kenyan adults. Unlike most serotypes
included in PCV7, serotype 1 is not often found in the
nasopharynges of children [32]. Because the indirect
impact of conjugate vaccines work through reduction of
carriage, and thus transmission to other persons, whether
the same degree of herd immunity in Kenyan adults will
be realized for serotype 1 is unclear.

Our study had several limitations. First, we did not have
HIV status on all patients and assuming the same HIV
prevalence among those not tested might have been
incorrect. In particular, patients who died before the
home-based HIV testing initiative began might have been
more likely to be HIV-positive, which would have
resulted in even higher extrapolated rates of pneumococ-
cal bacteremia in HIV-infected persons than we calcu-
lated. Due to the small number of patients with
pneumococcal bacteremia who had HIV testing in our
study, the HIV-specific results should be interpreted with

Table 3: Serotypes of pneumococcal isolates from blood 
culture among persons ≥5 years of age presenting to Lwak 
Hospital, rural western Kenya, October 2006 - September 
2008

Serotype # (%) of total (n = 52a)

1 22 (42)

6B 4 (8)

15A 4 (8)

4 3 (6)

9V 3 (6)

3 2 (4)

5 2 (4)

13 2 (4)

19F 2 (4)

7A 1 (2)

7C 1 (2)

14 1 (2)

20 1 (2)

22F 1 (2)

23A 1 (2)

35B 1 (2)

43 1 (2)

PCV7 serotypesb 13 (25%)

PCV10 serotypesb 37 (71%)

PCV13 serotypesb 39 (75%)

a52 blood cultures yielded 52 serotypes among 51 patients. One 
patient had 6B bacteremia twice in February and August 2007.
bPCV7 includes serotypes 4, 6B, 9V,14, 18C, 19F, 23F. PCV10 adds 
serotypes 1, 5 and 7F. PCV13 adds serotypes 3, 6A, and 19A.
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Figure 1 Seasonality of pneumococcal bacteremia in rural western Kenya, October 2006 - September 2008. PEV is post-election violence pe-
riod when clinic utilization decreased.

0

1

2

3

4

5

6

7

8

oc
t0

6

no
v0

6

de
c0

6

ja
n0

7

fe
b0

7

m
ar

07

ap
r0

7

m
ay

07

ju
n0

7

ju
l0

7

au
g0

7

se
p0

7

oc
t0

7

no
v0

7

de
c0

7

ja
n0

8

fe
b0

8

m
ar

08

ap
r0

8

m
ay

08

ju
n0

8

ju
l0

8

au
g0

8

se
p0

8

Months

No
. p

ne
um

oc
oc

cu
s

0

10

20

30

40

50

60

70

80

90PEV

To
ta

l C
ul

tu
re

s/
m

on
th

serotype1 Other serotypes total cultures

Table 4: Rates of pneumococcal bacteremia in rural western Kenya, October 2006 - September 2008

Age in 
years

Syndrome S. pneumo (n) Pyoa Rate per 
100,000 Pyo 

(95% CI)

% cultured Rate, 
Extrapolation 1b 

Pyo (95% CI)

% clinic visits 
to Lwak

Rate 
Extrapolation 

2c Pyo (95% CI)

5.17 Overall 11 17917 61 (31-110) -- 160 (65-255) 301 (123-479)

SARI Inpatient 5 64 95

SARI Outpatient 4 47 54

Admit, not SARI 0 45 95

Fever, not SARI 2 38 41

18-34 Overall 22 10869 202 (127-306) -- 391 (227-554) 578 (336-820)

SARI Inpatient 10 56 80

SARI Outpatient 8 60 51

Admit, not SARI 4 36 79

Fever, not SARI 0 40 43

35-49 Overall 10 4939 202 (97-372) -- 407 (155-659) 591 (225-957)

SARI Inpatient 5 66 77

SARI Outpatient 2 55 52

Admit, not SARI 3 34 72

Fever, not SARI 0 62 42

≥50 Overall 9 6738 134 (61-253) 232 (80-384) 354 (123-585)

SARI Inpatient 7 71 67

SARI Outpatient 0 46 45

Admit, not SARI 2 35 63

Fever, not SARI 0 44 38

Overall 52 40463 129 (96-169) 245 (178-312) 419 (305-533)
apyo - person years of observation
bExtrapolation 1 accounts for patients meeting case definitions for blood culture in Lwak clinic who did not have blood cultures done (see methods).
cExtrapolation 2 uses the rates for extrapolation 1 and extrapolates further by accounting for the % of persons at the biweekly home visit with 
SARI or fever who went to a clinic other than Lwak clinic (see methods).
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some caution. Moreover, our projection of the national
number of pneumococcal bacteremia cases among adults
assumed that no persons ≥65 years old were HIV-posi-
tive, so likely underestimated the true number of cases.
Second, in making extrapolations of bacteremia rates, we
made some assumptions that could have biased our
adjusted rates. We assumed isolation rates would be the
same among those with the same syndromes who did not
get blood cultures. At Lwak, cultures might have been
performed more frequently among patients more likely to
have pneumococcal bacteremia (e.g. sicker patients).
Also, persons in the community might have been more
likely to go to Lwak than other clinics if they were sicker,
knowing that admission was free at Lwak. Third, we only
cultured the blood of the first two febrile adults, which
possibly could have led to a systematic bias if the first two
patients were more or less likely to have bacteremia than
other febrile patients. Moreover, by culturing the major-
ity of SARI patients, while only a sample of febrile
patients, we likely biased our results towards finding
more pneumococcus and less mycobacteria and non-
typhi salmonellae, which have also been shown to be
prevalent, sometimes more so than pneumococcus,
among febrile, HIV-infected persons admitted to hospital
[4,9-11]. Lastly, because we did not do lumbar punctures,
our analysis did not include pneumococcal meningitis,
the other major manifestation of invasive pneumococcal
disease.

Conclusions
We showed a high burden of pneumococcal bacteremia
in older children and adults in western Kenya. As shown
before, that burden is exacerbated by the HIV epidemic in
Africa. Further surveillance is needed to assess the
impact of potential preventive strategies, such as expand-
ing HAART among HIV-infected persons and the indi-
rect effect of the introduction of pneumococcal conjugate
vaccines in children, and to decide whether additional
targeted interventions, such as adult vaccination with
pneumococcal conjugate vaccine, might be needed to
alleviate the great burden of pneumococcal disease
among older children and adults in Africa [39]. Lastly, in
light of the high rate of bacteremia that we and others
found in adults in parts of Africa with high HIV preva-
lence, more widespread provision of microbiology ser-
vices in clinical settings could result in improved patient
care.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
DF conceived of study and oversaw data analysis and drafting of manuscript.
GJ took the lead on microbiologic work at KEMRI/CDC and assisted in data
analysis. BA was the lead data analyst. GB coordinated the clinic and field
aspects of data collection. JO set up blood culture capacity and oversaw the

microbiology lab at KEMRI/CDC in Kisumu. BB oversaw serotyping and antibi-
otic susceptibility testing at CDC in Atlanta. AK and SM performed serotyping
at KEMRI/Wellcome-Trust labs in Kilifi. MKN is the director of the International
Emerging Infections Program at KEMRI/CDC and oversaw all lab work for this
project. RB conceived of the surveillance and oversaw the project. All authors
read and approved of the final manuscript.

Acknowledgements
We thank the CDC Streptococcus laboratory with assistance with serotyping 
and MIC testing, especially Bob Gertz, Gloria Carvalho, Fabiana Pimenta, and 
Alexis Roundtree. We thank Chris Van Beneden of CDC's Respiratory Diseases 
Branch for critical review of the paper. We also thank Anthony Scott of KEMRI/
Wellcome Trust Program, Centre for Geographic Medicine Research - Coast, Kil-
ifi, Kenya, for critical input into the calculation of national burden. This work 
was supported by core funding of CDC's International Emerging Infections 
Program, though the Global Disease Detection Division at CDC.

Author Details
1International Emerging Infections Program, Centers for Disease Control and 
Prevention, Mbagathi Road, off Mbagathi Way, Nairobi, Kenya, 2Kenya Medical 
Research Institute/Centers for Disease Control, Research and Public Health 
Collaboration, P.O. Box 1578, Kisumu, Kenya, 3Respiratory Diseases Branch, 
Division of Bacterial Diseases, Centers for Disease Control and Prevention, 1600 
Clifton Rd. Atlanta, Georgia 30333 and 4KEMRI/Wellcome Trust Research 
Programme, Centre for Geographic Medicine Research - Coast, Kilifi, Kenya

References
1. Berkley JA, Lowe BS, Mwangi I, Williams T, Bauni E, Mwarumba S, Ngetsa C, 

Slack MPE, Njenga S, Hart CA, Maitland K, English M, Marsh K, Scott JAG: 
Bacteremia among children admitted to a rural hospital in Kenya.  N 
Engl J Med 2005, 352:39-47.

2. Cutts FT, Zaman SM, Enwere G, Jaffar S, Levine OS, Okoko JB, Oluwalana C, 
Vaughan A, Obaro SK, Leach A, McAdam KP, Biney E, Saaka M, 
Onwuchekwa U, Yallop F, Pierce NF, Greenwood BM, Adegbola RA, for the 
Gambian Pneumococcal Vaccine Trial Group: Efficacy of nine-valent 
pneumococcal conjugate vaccine against pneumonia and invasive 
pneumococcal disease in The Gambia: randomised, double-blind, 
placebo-controlled trial.  Lancet 2005, 365:1139-1146.

3. O'Brien KL, Wolfson LJ, Watt JP, Henkle E, Deloria-Knoll M, McCall N, Lee E, 
Mulholland EK, Levine Orin S, Cherian T, for the Hib and Pneumococcal 
Global Burden of Disease Study Team: Burden of disease caused by 
Streptococcus pneumoniae in children younger than 5 years: global 
estimates.  Lancet 2009, 374:893-902.

4. Archibald LK, McDonald LC, Nwanyanwu O, Kazembe P, Dobbie H, Tokars 
J, Rellers LB, Jarvis WR: A hospital-based prevalence survey of 
bloodstream infections in febrile patients in Malawi: implications for 
diagnosis and therapy.  J Infect Dis 2000, 181:1414-1420.

5. Arthur G, Nduba VN, Kariuki SM, Kimari J, Bhatt SM, Gilks CF: Trends in 
bloodstream infections among human immunodeficiency virus-
infected adults admitted to a hospital in Nairobi, Kenya, during the last 
decade.  Clin Infect Dis 2001, 33:248-256.

6. Corbett EL, Churchyard GJ, Charalambos S, Samb B, Moloi V, Clayton TC, 
Grant AD, Murray J, Hayes RJ, DeCock KM: Morbidity and mortality in 
South African gold miners: impact of untreated disease due to human 
immunodeficiency virus.  Clin Infect Dis 2002, 34:1251-1258.

7. Feikin DR, Feldman C, Schuchat A, Janoff EN: Global strategies to prevent 
bacterial pneumonia in adults with HIV disease.  Lancet Infect Dis 2004, 
4:445-455.

8. Hill PC, Onyeama CO, Ikumapayi UN, Secka O, Ameyaw S, Simmonds N, 
Donkar SA, Howie SR, Tapgun M, Corrah T, Adegbola RA: Bacteraemia in 
patients admitted to an urban hospital in West Africa.  BMC Infect Dis 
2007, 7:2.

9. Ssali FN, Kamya MR, Wabwire-Mangen F, Kasasa S, Joloba M, Williams D, 
Mugerwa RD, Ellner JJ, Johnson JL: A prospective study of community-
acquired bloodstream infections among febrile adults admitted to 
Mulago Hospital in Kampala, Uganda.  J Acquir Immune Defic Syndr Hum 
Retrovirol 1998, 19:484-489.

Received: 8 February 2010 Accepted: 23 June 2010 
Published: 23 June 2010
This article is available from: http://www.biomedcentral.com/1471-2334/10/186© 2010 Feikin et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Infectious Diseases 2010, 10:186



Feikin et al. BMC Infectious Diseases 2010, 10:186
http://www.biomedcentral.com/1471-2334/10/186

Page 9 of 9

10. Gordon MA, Banda HT, Gondwe M, Gordon SB, Boeree MJ, Walsh AL, 
Corkill JE, Hart CA, Gilks CF, Molyneux MEl: Non-typhoidal salmonella 
bacteraemia among HIV-infected Malawian adults: high mortality and 
frequent recrudescence.  Aid 2002, 16:1633-1641.

11. Vugia DJ, Kiehlbauch JA, Yeboue K, N'Gbichi JM, Lacina D, Maran M, 
Gondo M, Kouadio K, Kadio A, Lucas SB: Pathogens and predictors of 
fatal septicemia associated with human immunodeficiency virus 
infection in Ivory Coast, west Africa.  J Infect Dis 1993, 168:564-570.

12. French N, Nakiyingi J, Carpenter LM, Lugada E, Watera C, Moi K, Moore M, 
Antvelink D, Mulder D, Janoff EN, Whitworth J, Gilks CF: 23-valent 
pneumococcal polysaccharide vaccine in HIV-1-infected Ugandan 
adults: double-blind, randomised and placebo controlled trial.  Lancet 
2000, 355:2106-2111.

13. Gilks CF, Ojoo SA, Ojoo JC, Brindle RJ, Paul J, Batchelor BI, Kimari JN, 
Newnham R, Bwayo J, Plummer FA, Warrell DA: Invasive pneumococcal 
disease in a cohort of predominantly HIV-1 infected female sex-
workers in Nairobi, Kenya.  Lancet 1996, 347:718-723.

14. Jones N, Huebner R, Khoosal M, Crewe-Brown H, Klugman K: The impact 
of HIV on Streptococcus pneumoniae bacteraemia in a South African 
population.  Aids 1998, 12:2177-2184.

15. Karstaedt AS, Khoosal M, Crewe-Brown HH: Pneumococcal bacteremia in 
adults in Soweto, South Africa, during the course of a decade.  Clin 
Infect Dis 2001, 33:610-614.

16. Adazu K, Lindblade KA, Rosen DH, Odhiambo F, Ofware P, Kwach J, Van 
Eijk AM, Decock KM, Amornkul P, Karanja D, Vulule JM, Slutsker L: Health 
and demographic surveillance in rural western Kenya: a platform for 
evaluating interventions to reduce morbidity and mortality from 
infectious diseases.  Am J Trop Med Hyg 2005, 73:1151-1158.

17. Feikin DR, Audi A, Olack B, Bigogo GM, Polyak C, Burke H, Williamson J, 
Breiman RF: Evaluation of the optimal recall period for disease 
symptoms in home-based morbidity surveillance in rural and urban 
Kenya.  International Journal of Epidemiology 2010, 39:450-8.

18. Krishna A, Janson P, Radeny M, Nindo W: Escaping Poverty and 
Becoming Poor in 20 Kenyan Villages.  Human Development 2004, 
5:212-226.

19. Clinical and Laboratory Standards Institute (CLSI): Performance 
Standards for Antimicrobial Susceptibility Testing; Nineteenth 
Informational Supplement.  In CLSI document M100-S19. M100-S118 
Wayne, PA: Clinical and Laboratory Standards Institute; 2009. 

20. World Health Organization (WHO): Manual for the Laboratory 
Identification of Bacterial Pathogens of Public Health Importance in 
the Developing World.  Geneva: World Health Organization; 2003. 

21. Oehlert GW: A note on the delta method.  American Statistician 1992, 
46:27-29.

22. National AIDS/STI Control Programme (NASCOP): 2007 Kenya AIDS 
Indicator Survey. Final Report.  Nairobi: NASCOP; 2009. 

23. US: 2010 [http://www.census.gov/ipc/www/idb/country.php]. Census 
Bureau IDB Midyear Population, by Age and Sex: Kenya Accessed August 
2009

24. Feldman C, Glatthaar M, Morar R, Mahomed AG, Kaka S, Cassel M, 
Klugman KP: Bacteremic pneumococcal pneumonia in HIV-seropositive 
and HIV-seronegative adults.  Chest 1999, 16:107-114.

25. Adegbola RA, Hill PC, Secka O, Ikumapayi UN, Lahai G, Greenwood BM, 
Corrah T: Serotype and antimicrobial susceptibility patterns of isolates 
of Streptococcus pneumoniae causing invasive disease in The Gambia 
1996-2003.  Trop Med Int Health 2006, 11:1128-1135.

26. Crewe-Brown HH, Karstaedt AS, Saunders GL, Khoosal M, Jones N, Wasas 
A, Klugman KP: Streptococcus pneumoniae blood culture isolates from 
patients with and without human immunodeficiency virus infection: 
alterations in penicillin susceptibilities and in serogroups or serotypes.  
Clin Infect Dis 1997, 25:1165-1172.

27. Gordon SB, Kanyanda S, Walsh AL, Goddard K, Chaponda M, Atkinson V, 
Mulwafu W, Molyneux EM, Zijlstra EE, Molyneux ME, Graham SM: Poor 
potential coverage for 7-valent pneumococcal conjugate vaccine, 
Malawi.  Emerg Infect Dis 2003, 9:747-749.

28. Hausdorff WP, Bryant J, Paradiso PR, Siber GR: Which pneumococcal 
serogroups cause the most invasive disease: implications for conjugate 
vaccine formulation and use, part I.  Clin Infect Dis 2000, 30:100-121.

29. Holliman RE, Liddy H, Johnson JD, Adjei O: Epidemiology of invasive 
pneumococcal disease in Kumasi, Ghana.  Trans R Soc Trop Med Hyg 
2007, 101:405-413.

30. Paul J, Bates J, Kimari J, Gilks C: Serotypes and antibiotic susceptibilities 
of Streptococcus pneumoniae in Nairobi, Kenya.  J Infect 1996, 
32:139-142.

31. Scott JA, Hall AJ, Hannington A, Edwards R, Mwarumba S, Lowe B, Griffiths 
D, Crook D, Marsh K: Serotype distribution and prevalence of resistance 
to benzylpenicillin in three representative populations of 
Streptococcus pneumoniae isolates from the coast of Kenya.  Clin Infect 
Dis 1998, 27:1442-1450.

32. Hausdorff WP, Feikin DR, Klugman KP: Epidemiological differences 
among pneumococcal serotypes.  Lancet Infect Dis 2005, 5:83-93.

33. Leimkugel J, Adams Forgor A, Gagneux S, Pflüger V, Flierl C, Awine E, 
Naegeli M, Dangy JP, Smith T, Hodgson A, Pluschke G: An outbreak of 
serotype 1 Streptococcus pneumoniae meningitis in northern Ghana 
with features that are characteristic of Neisseria meningitidis meningitis 
epidemics.  J Infect Dis 2005, 192:192-199.

34. Gill CJ, Mwanakasale V, Fox MP, Chilengi R, Tembo M, Nsofwa M, Chalwe V, 
Mwananyanda L, Mukwamataba D, Malilwe B, Champo D, Macleod WB, 
Thea DM, Hamer DH: Impact of human immunodeficiency virus 
infection on Streptococcus pneumoniae colonization and 
seroepidemiology among Zambian women.  J Infect Dis 2008, 
197:1000-1005.

35. Hamel MJ, Greene C, Chiller T, Ouma P, Polyak C, Otieno K, Williamson J, 
Shi YP, Feikin DR, Marston B, Brooks JT, Poe A, Zhou Z, Ochieng B, Mintz E, 
Slutsker L: Does cotrimoxazole prophylaxis for the prevention of HIV-
associated opportunistic infections select for resistant pathogens in 
Kenyan adults?  Am J Trop Med Hyg 2008, 79:320-330.

36. Heffernan RT, Barrett NL, Gallagher KM, Hadler JL, Harrison LH, Reingold 
AL, Khoshnood K, Holford TR, Schuchat A: Declining incidence of 
invasive Streptococcus pneumoniae infections among persons with 
AIDS in an era of highly active antiretroviral therapy, 1995-2000.  J 
Infect Dis 2005, 191:2038-2045.

37. Whitney CG, Farley MM, Hadler J, Harrison LH, Bennett NM, Lynfield R, 
Reingold A, Cieslak PR, Pilishvili T, Jackson D, Facklam RR, Jorgensen JH, 
Schuchat A, Active Bacterial Core Surveillance of the Emerging Infections 
Program Network: Decline in invasive pneumococcal disease after the 
introduction of protein-polysaccharide conjugate vaccine.  N Engl J 
Med 2003, 348:1737-1746.

38. Flannery B, Heffernan RT, Harrison LH, Ray SM, Reingold AL, Hadler J, 
Schaffner W, Lynfield R, Thomas AR, Li J, Campsmith M, Whitney CG, 
Schuchat A: Changes in invasive Pneumococcal disease among HIV-
infected adults living in the era of childhood pneumococcal 
immunization.  Ann Intern Med 2006, 144:1-9.

39. French N, Gordon SB, Mwalukomo T, White SA, Mwafulirwa G, Longwe H, 
Mwaiponya M, Zijlstra EE, Molyneux ME, Gilks CF: A trial of a 7-valent 
pneumococcal conjugate vaccine in HIV-infected adults.  N Engl J Med 
2010, 362:812-822.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/10/186/prepub

doi: 10.1186/1471-2334-10-186
Cite this article as: Feikin et al., High rate of pneumococcal bacteremia in a 
prospective cohort of older children and adults in an area of high HIV preva-
lence in rural western Kenya BMC Infectious Diseases 2010, 10:186


	High rate of pneumococcal bacteremia in aprospective cohort of older children and adults inan area of high HIV prevalence in rural western Kenya
	Abstract
	Background
	Methods
	Site
	Surveillance methods
	Laboratory
	Data analysis
	Ethical review

	Results
	Discussion
	Conclusions

