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Abstract

Background—Invasive infections with non-typhoidal Salmonella (NTS) lead to bacteremia in 

children and adults and are an important cause of illness in Africa; however, few data on the 

burden of NTS bacteremia are available. We sought to determine the burden of invasive NTS 

disease in a rural and urban setting in Kenya.

Methods—We conducted the study in a population-based surveillance platform in a rural setting 

in western Kenya (Lwak), and an informal urban settlement in Nairobi (Kibera) from 2009 to 

2014. We obtained blood culture specimens from participants presenting with acute lower 

respiratory tract illness, or acute febrile illness to a designated outpatient facility in each site, or 

any hospital admission for a potentially infectious cause (rural site only). Incidence was calculated 

using a defined catchment population and adjusting for specimen collection and healthcare 

seeking practices.

Results—A total of 12,683 and 9,524 blood cultures were analyzed from Lwak and Kibera, 

respectively. Of these, 428 (3.4%) and 533 (5.6%) grew a pathogen; among those 208 (48.6%) and 

70 (13.1%) were positive for NTS in Lwak and Kibera, respectively. Overall, the adjusted 

incidence of invasive NTS disease was higher in Lwak (839.4 per 100,000 person-years 

observation [pyo]) compared with Kibera (202.5 per 100,000 pyo). The highest adjusted 

incidences were observed in children <5 years of age (Lwak 3,914.3 per 100,000 pyo and Kibera 

997.9 per 100,000 pyo). In Lwak the highest adjusted annual incidence was 1,927.3 per 100,000 

pyo (in 2010) and in Kibera 220.5 per 100,000 pyo (in 2011); the lowest incidences were 303.3 

and 62.5 per 100,000 pyo respectively (in 2012). In both sites, invasive NTS disease incidence 

generally declined over the study period.

Conclusion—We observed an extremely high burden of invasive NTS disease in a rural area of 

Kenya and a lesser, but still substantial, burden in an urban slum. Although the incidences in both 
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sites declined during the study period, invasive NTS infections remain an important cause of 

morbidity in these settings, particularly among children < 5 years old.

Introduction

Non-typhoidal Salmonella (NTS, or Salmonella enterica serotypes other than Typhi, 

Paratyphi A, B [tartrate-negative] and C), is a leading cause of bloodstream infection with a 

reported high burden of disease in low and middle income countries, particularly in Africa 

[1–6]. Data from a study conducted in Kenya from 2006 to 2009 showed a large burden of 

invasive NTS disease in rural western Kenya, with the highest incidence observed in 

children < 5 years old (2,085 per 100,000 person-years) and in human immunodeficiency 

virus (HIV)-infected adults (1,555 per 100,000 person-years) [2]. This same study revealed a 

much lower incidence of invasive NTS infections in urban Kenya (57 per 100,000 person-

years overall and 260 per 100,000 person-years among children <5 years old). Invasive NTS 

disease rates have been found in Kenya [7, 8] and elsewhere [9] to correlate with peaks in 

malaria transmission, suggesting that current or recent malaria infection may be a risk factor 

for invasive NTS infection [8]. Other factors associated with invasive NTS disease include 

HIV infection and malnutrition [8, 10].

Understanding the burden of invasive NTS disease is important for guiding efforts to reduce 

transmission, prevent new infections, and for the development of vaccines against NTS [11]. 

In recent years in western Kenya, programmatic efforts have been undertaken to reduce the 

burden of malaria [12], HIV [13], and malnutrition [14]. Changes in the prevalence of 

important underlying risk factors for invasive NTS infections may alter the relative burden 

of disease over time and across age groups and geographic regions. We examined data from 

an ongoing population-based surveillance platform to describe trends in invasive NTS 

disease from January 2009 through December 2014 that updates the previously reported data 

from 2006 through 2009 on the burden from the same rural and urban settings in Kenya[2].

Methods

Study site and population

The Kenya Medical Research Institute (KEMRI), in collaboration with the US Centers for 

Disease Control and Prevention (CDC), has implemented population-based infectious 

disease surveillance (PBIDS) in rural and urban areas since late 2006. The PBIDS methods 

have been described in detail elsewhere [15]. Briefly, PBIDS operates in two sites; one is 

located in Lwak, a rural location in Siaya County in western Kenya along Lake Victoria, and 

the other in Kibera, an urban informal settlement in Nairobi. The Lwak surveillance area is 

100 km2 with an average population of 25,000 (250 people/km2), and is holo-endemic for 

malaria. In Kibera, the average population of the surveillance area is 28,500 in a 0.37 km2 

area (77,000 people/km2). Kibera residents live in crowded conditions and have inadequate 

access to water and sanitation facilities; human and animal waste drain into open sewers. 

Malaria is not endemic but does occur primarily due to rural-urban migration. Surveillance 

participants include all people living within the surveillance areas for a minimum of 4 

months.
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Trained community interviewers visit PBIDS participants in their households every two 

weeks, collecting data on illnesses, births, and deaths since the prior visit. When participants 

report illness, they are further questioned about symptoms, health care seeking, and 

treatment. Abbreviated physical examinations were carried out on ill persons present during 

the visit, including axillary temperature, one minute respiratory rate, evaluation for lower 

chest wall indrawing and stridor in ill children, and observation for signs of dehydration. If 

currently ill, participants are encouraged to seek care at the study clinics (Lwak Mission 

Hospital in Lwak or Tabitha Clinic in Kibera) where they receive free medical care for most 

acute conditions. The study clinics are located within five km and one km of all PBIDS 

residences in Lwak and Kibera, respectively.

Participants who present to the study clinics are assessed by a clinical officer and data are 

gathered on symptoms, physical examination findings, diagnosis, treatment, and outcome. 

Blood samples for culture are collected from individuals meeting surveillance case 

definitions for acute lower respiratory tract infection (ALRI) or acute febrile illness (AFI) as 

well as all individuals hospitalized at Lwak Mission Hospital for conditions unrelated to 

injury or obstetrics; Tabitha Clinic does not have an inpatient service. ALRI is defined in 

persons ≥5 years old as cough, difficulty breathing, chest pain, or sore throat, plus either 

temperature ≥38.0°C, oxygen saturation <90%, or admitted with respiratory illness. For 

children <5 years old, ALRI criteria are cough or difficulty breathing, and at least one of the 

following: chest indrawing, stridor, oxygen saturation <90%, unable to breastfeed or drink, 

vomiting everything, convulsions, lethargy, unconsciousness, or admitted with respiratory 

illness. AFI is defined as an axillary temperature ≥38.0°C (Kibera temperature changed to 

≥37.5°C from January 2012 onwards). Cases meeting both ALRI and AFI criteria are 

classified as ALRI. In Lwak, only the first five AFI cases <5 years old and the first case ≥5 

years old per day have blood cultures performed. There were no limits on the number of 

blood cultures performed for ALRI cases or AFI cases in Kibera.

Sample collection and laboratory testing

For eligible participants a 1–3 mL of whole blood sample is collected from children <5 

years, and 7–10 mL from individuals ≥5 years. The blood sample is inoculated into a 

commercially produced broth bottle (BACTECTM Plus Aerobic/F and Peds PlusTM/F 

culture vials, Becton Dickinson, Belgium) and sent to the KEMRI laboratory in Kisian, 

Kisumu or Kibera, Nairobi. The inoculated blood culture bottles are incubated in a 

continuously monitored BACTEC 9050 instrument at 35°C for 1–5 days. Bottles with 

growth are removed from the incubator; a smear prepared on a slide, stained using Gram’s 

stain method and examined under the microscope for morphological appearance and Gram’s 

reaction. The broth is sub-cultured on blood agar, chocolate agar, and MacConkey agar 

media and incubated for 18–24 hours at 37°C in a 5% CO2 incubator. The isolated colonies 

on the plates are identified morphologically, microscopically as above and biochemically. 

The colonies suspicious of being Salmonella from the results of the biochemical tests are 

confirmed serologically by slide agglutination technique using group antisera (Denka 

Seiken, Tokyo, Japan). In addition, routine Giemsa blood smears for malaria are performed 

and read by trained microscopists in the clinics. HIV home based counseling and testing was 

offered in 2008 to adults (aged ≥18 years), minors (aged 13–17 years), and children (aged 
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<13years) after providing consent or assent [16]. Pre-test counseling, testing and post-test 

counseling followed Kenyan Ministry of Health (MOH) guidelines and recommendations, 

and was provided by a trained and certified Voluntary Counseling and Testing (VCT) 

counselor. HIV testing is also available at the surveillance clinics.

Data Analysis

We conducted analysis on data from 1 January 2009, through 31 December 2014 across both 

sites. Crude incidences were calculated as the number of cases of invasive NTS disease per 

100,000 person-years of observation (pyo). Participating individuals contributed person-time 

according to their time of residence within the surveillance area during the study period. We 

applied two adjustments to the crude incidences. First, a multiplier was included for the 

percentage of persons visiting the surveillance clinics or admitted to the inpatient service 

(Lwak only) that met criteria for blood culture and did not have a culture done. A second 

adjustment was made based on the percentage of persons identified during the biweekly 

household visits with ALRI or AFI who visited clinics other than Lwak or Tabitha for that 

illness. For household visits, slightly modified case definitions were used. We assumed that 

those who met criteria for blood culture at the surveillance clinic but did not have culture 

performed and those that visited a non-surveillance clinic for ALRI or AFI had a similar 

spectrum of etiologies to those that visited Lwak or Tabitha and were tested. 95% 

confidence intervals were calculated for crude incidences using the delta method [17]. 

Trends in incidence were assessed using Poisson regression with year as an independent 

variable. Deaths during acute invasive NTS illness and within 30 days of illness were 

recorded and used to estimate case fatality proportions. Malnutrition among children <5 

years was assessed using the World Health Organization growth standards; we calculated 

the prevalence of height-for-age and weight-for-length z scores <−2 [18].

Ethical review

Informed consent was obtained from all the participants who met the case definitions for 

recruitment after screening. Parents, next of kin, or guardians gave written informed consent 

on behalf of children aged <15 years. Children aged 7–14 years provided written assent for 

their participation The protocol and written informed consent forms for surveillance and 

home-based HIV testing were reviewed and approved by the Ethical Review Board of 

KEMRI (SSC #1899) and the Institutional Review Board of Center for Disease Control, 

Atlanta (IRB #4566).

Results

Among 12,683 blood cultures analyzed in Lwak, 870 (6.9%) grew a likely contaminant, 

while 428 (3.4 %) grew a pathogen; among the pathogens, 222 (51.9%) were Salmonella, 

including 208 (48.6%) NTS (Table 1). In Kibera, from 9,524 blood cultures grew 288 likely 

contaminants and 533 (5.6%) pathogens, of which 295 (55.3%) were Salmonella and 70 

(13.1%) were NTS (Table 1). NTS was the most commonly detected pathogen in Lwak and 

the third most common (after S. enterica serovar Typhi and Streptococcus pneumoniae) in 

Kibera. The age group with the highest proportion of NTS among all isolated pathogens was 

0–4 years old in both Lwak (66.2%) and Kibera (21.6%).
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Among 65 invasive NTS cases with available HIV status (all from Lwak), 36 (55.4%) were 

HIV-infected. Among 35 patients in the 18–49 year age group with available HIV status, 28 

(80.0%) were infected. Concurrent malaria infection was detected in 47 (22.0%) cases of 

invasive NTS disease in Lwak and 6 cases (8.6 %) in Kibera. An additional 20 (9.6%) in 

Lwak and 2 (2.9%) in Kibera had been diagnosed with malaria during the preceding 30 

days. Heights and weight were available for 123 (84.2%) of children <5 years; among those, 

the prevalence of a z score <−2 for height/length-for-age was 37.4% (95%CI 28.4, 46.4) and 

for weight-for-height/length was 13.8% (95%CI 7.3, 20.3). The frequency of low height/

length for age was more common in Kibera (18/32, 56.3% [95%CI 37.5, 75.0]) than in 

Lwak (28/91 30.8% [95%CI 20.7, 40.8]), although the difference was not significant. The 

prevalence of low weight-for-age was similar across sites (4/32, 12.5% in Kibera and 13/91, 

14.3% in Lwak)

Among the 278 case-patients with invasive NTS infection, 2 died during 1 week following 

the date of sample collection and an additional 5 died 7–30 days following the sample 

collection, yielding an overall case fatality proportion of 2.5%. The case fatality proportion 

was higher in Lwak (6/208, 2.9%) compared with Kibera (1/70, 1.4%), although the 

difference was not significant (p=0.510).

The crude incidence of invasive NTS disease was 153.5 cases per 100,000 pyo in Lwak and 

67.0 per 100,000 pyo in Kibera. The adjusted incidences were 839.4 per 100,000 pyo in 

Lwak and 202.5 per 100,000 pyo in Kibera (Table 2). Across all age strata, the adjusted 

incidence in Lwak was at least 4 times greater than that of Kibera.

In both sites, the highest incidence of invasive NTS disease was observed among children 

<5 years of age; adjusted incidences in this age group were 3,914.3 and 997.9 per 100,000 

pyo in Lwak and Kibera, respectively. Within the <5 year age group, adjusted incidence 

peaked in the 12–23 month olds in Lwak (6,419.1 per 100,000 pyo) while in Kibera children 

<12 months had the highest incidence (2210.1 per 100,000 pyo) (Figure 1). Among the <5 

year olds, those aged 48 to 59 months had the lowest incidence across both sites; however 

those adjusted incidences (1,788.9 and 185.4 per 100,000 pyo in Lwak and Kibera, 

respectively) were still higher than the incidence observed among older children and adults 

in each site.

While adjusted malaria incidence seemed to peak in the second or third quarter of each year 

in Lwak (a malaria endemic area), there was no clear seasonal pattern for malaria in Kibera 

(a non-endemic area) nor for invasive NTS infections in either setting (Figures 2 and 3). 

Nonetheless, over the study period, invasive NTS disease incidence correlated with that of 

malaria infection in Lwak (Spearman’s correlation, rho=0.5435 p=0.0061). There was no 

significant correlation between malaria and invasive NTS infections in Kibera (Spearman’s 

correlation, rho=0.1743 p=0.4153). The highest adjusted annual incidence in Lwak was 

observed in 2010 (1927.3 per 100,000 pyo) and in Kibera in 2011 (220.5 per 100,000 pyo). 

The lowest adjusted incidence at both sites occurred in 2012 (303.3 and 62.5 per per 

100,000 pyo in Lwak and Kibera, respectively). Both sites experienced a significant decline 

in adjusted incidence over the study period (p<0.0001).

Verani et al. Page 5

Clin Infect Dis. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

In this updated assessment of the burden of invasive NTS disease in a rural setting and an 

urban informal settlement in Kenya, we show that invasive infections with NTS continue to 

be an important public health problem and that the burden is dynamic and affects certain 

groups disproportionately. As has been noted previously in data from these same sites [2], 

the age group most heavily affected was children <5 years old and the burden of invasive 

NTS disease was found to be much higher in the rural area compared with an urban setting. 

However, a closer examination of invasive NTS disease incidence among children <5 years 

old showed heterogeneity across sites in the specific age group at greatest risk, and 

additional years of data revealed variability in incidence over time. Despite some degree of 

year-to-year variability in each site, the overall trend during the study period was towards 

declining incidence across both sites, raising questions about the factors that affect invasive 

NTS disease incidence and the most appropriate public health interventions to reduce the 

burden.

In Lwak, a malaria-endemic area, the decline in invasive NTS infections seems to have 

coincided with a downward trend in malaria incidence. Efforts have been made scale up 

malaria control interventions in western Kenya in recent years [12]. Studies from other 

African settings, including the Gambia [19], Tanzania [9], and Kenya [7] have reported 

temporally associated declines in malaria and invasive NTS infections. The association 

between malaria (particularly sever malaria) and invasive NTS disease has been extensively 

described [20]. While the physiologic basis for the association is not entirely clear, 

increasing evidence suggests that interventions to reduce malaria may provide the added 

benefit of driving down invasive NTS disease burden [20]. As has been noted previously 

[2], malaria is likely a primary factor shaping the differences in invasive NTS disease 

incidence we observed between the rural (malaria holo-endemic) area and the urban area 

(malaria non-endemic).

In addition to malaria infection, well recognized risk factors for invasive NTS infections 

include HIV infection and malnutrition (in children) [21]. Although we did not conduct an 

assessment of risk factors using a control group, the high frequency of HIV infection among 

those cases with available HIV results suggests that HIV is an important risk factor. Home-

based counseling and testing conducted in Western Kenya in 2008 found the HIV 

prevalence among first time testers to be 10.9% overall, and 22.2% among the 35–49 year 

old age group [16]. In contrast, more than half of invasive NTS disease cases with available 

results were HIV-infected and nearly 80% of those cases aged 18–49 years were infected. 

On the other hand, the overall prevalence of malnutrition among invasive NTS disease cases 

aged <5 years was generally similar to what has previously been reported [22, 23]. It is 

interesting to note, however, that the prevalence of stunting in Kibera was nearly double that 

in Lwak. While the difference was not statistically significant, it seems plausible that in an 

urban environment with relatively little exposure to malaria, malnutrition may play a more 

important role as a predisposing risk factor for invasive NTS infections. While our study 

was not designed to test hypotheses about factors contributing to the observed decline in 

invasive NTS disease, it is possible that strengthening HIV prevention and care and 

nutritional interventions may have played a role.
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Despite the decline observed in invasive NTS disease from 2009 to 2014, even the lowest 

incidences observed in Lwak were relatively high compared to other African settings with 

population-based surveillance. Incidence estimates from Kilifi, Kenya (88 per 100,000 

among <5 year olds)[5], Mozambique (120 per 100,000 among <5 year olds)[3], the Gambia 

(262 to 300 among children aged 2 to 29 months per 100,000)[24] are all remarkably lower 

than the burden we report among children <5 years old. Even the highest incidence among 

them, from the Gambia, is less than a third of the incidence we found in Kibera and less than 

one tenth of the incidence we observed in Lwak among children <5 years. It is likely that 

surveillance methodology plays a role in the differences in disease burden estimates, since 

most surveillance is conducted at hospitals among inpatients and our surveillance includes 

both inpatients and outpatients. One study in Kenya found that extending surveillance, 

including blood culture, to a hospital outpatient department more than doubled the previous 

estimate of bacteremia incidence that had been based on inpatient data alone[25]; while the 

study did not address NTS bacteremia specifically, presumably the effect on invasive NTS 

would be similar. The low case fatality we report (2.5%) is also certainly influenced by the 

predominance of out-patient cases captured by our surveillance system. Globally the case 

fatality among patients with invasive NTS infections has been estimated to be 20% [6].

The invasive NTS disease incidence estimates we present are higher than those reported 

from the same sites by Tabu et. al. for the periods of October 2006 to September 2009 for 

Lwak (580 per 100,000) and March 2007 to February 2009 for Kibera (57 per 100,000 pyo) 

[2]. While the surveillance methods have remained stable over time, we found year to year 

variability in the invasive NTS disease burden in both sites. It is possible that the overall 

decline in invasive NTD infections we observed during the study is a reflection of that 

variability and not necessarily a sustained downward trend. These results highlight the 

importance of long-term population based surveillance in order to monitor the burden of 

invasive NTS infections and the impact of interventions such as malaria control programs, 

improved HIV prevention and care, nutrition programs, improved water and sanitation, and 

other future potential interventions such as an NTS vaccine [1, 11].

An important limitation to this study is the assumptions made in estimating incidence. We 

assume that the frequency of NTS we found in tested individuals is the same among those 

with the same clinical syndrome who did not have a specimen collected or those who sought 

care at a non-surveillance clinic. Such assumptions may be inaccurate and can lead to 

distortions in adjusted incidence estimates. Prior antimicrobial use is relatively common in 

the surveillance setting and may have led to an underestimate of the true burden of invasive 

NTS disease. Sparse HIV testing results limited our ability to make inferences regarding 

HIV and invasive NTS infections in this population. We also lack data on NTS serotype and 

subtype throughout the study period, so could not monitor trend in particular subtypes of 

interest, such as S. enterica serovar Typhimurium ST313.

Despite these limitations, we clearly show an important burden of invasive NTS infections 

in Kenya, particularly in the rural setting and among children <5 years old. Although 

invasive NTS disease incidence declined across both sites during the study time period, the 

remaining burden is still high and highlights the need for reducing exposure to NTS through 

improved water and food safety, as well as additional NTS prevention tools such as a 
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vaccine. Further research is needed to better understand factors that may have contributed to 

the observed decline, and subtyping of isolates is necessary to fully understand trends in the 

burden of illness caused by NTS and to guide prevention interventions. Our results also 

demonstrate the dynamic nature of invasive NTS disease over time, across geographic 

regions and age groups, and emphasize the importance of continued surveillance to fully 

understand the disease burden.
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Figure 1. 
Invasive NTS disease adjusted incidence among children <5 years in Lwak and Kibera, 

January 2009 through December 2014
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Figure 2. 
Quarterly invasive NTS disease and malaria incidence in Lwak, January 2009 through 

December 2014.

Verani et al. Page 11

Clin Infect Dis. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Quarterly invasive NTS disease and malaria incidence in Kibera, January 2009 through 

December 2014.
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