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Background | Infants are a target population for new tuberculosis (TB) vaccines. TB incidence esti-
mates are needed to guide the design of trials. Objectives: To determine the TB incidence and cohort 
retention among young children using comprehensive diagnostic methods in a high burden area.

Methods | Infants 0-42 days were enrolled. Through four monthly follow up and unscheduled (sick) 
visits up to the age of two years, infants with Presumptive TB based on a history of contact, TB 
symptoms or pre-determined hospitalization criteria were admitted to a case verification ward. Two 
induced sputa and gastric aspirates were collected for culture and GeneXpert. Mantoux and HIV 
tests were done. Clinical management was based on the Keith Edwards Score (KE Score). Cases were 
classified into microbiologically confirmed or radiological, diagnosed by blinded expert assessment. 
Cox regression was used to identify risk factors for incident TB and study retention.

Results | Of 2900 infants enrolled, 927 (32%) developed presumptive TB. Sixty-nine TB cases were 
diagnosed (bacteriological and radiological). All TB incidence was 2/100 person-years of observation 
(pyo) (95% CI 1.65, 2.65). Nine were bacteriological cases, incidence 0.3/100 pyo. Radiological TB 
incidence was 1.82/100 pyo. Bacteriological TB was associated with infant HIV infection and higher 
KE scores. Completeness of 4 month vaccinations and HIV infection were positively associated with 
retention.

Conclusion | TB incidence was high. An all TB endpoint would require a sample size of a few thou-
sand children, but tens of thousands, when limited to bacteriological TB.
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Introduction

Pulmonary tuberculosis (TB) is an important public health problem worldwide. With 10 million new 
cases of TB and 1.3 million deaths in 2017 (1). In Kenya, a recent national prevalence survey, utilizing 
newer tools such as the GeneXpert showed higher rates than previously reported (2). The End TB 
Strategy of WHO emphasizes diagnosis and treatment of TB patients, as well as the need for research on 
methods to prevent TB, including new vaccines for high risk populations such as adolescents (3) and in-
fants (4, 5). Childhood tuberculosis, while not easily transmissible, has higher morbidity and mortality 
risk (6, 7) for both HIV infected and uninfected individuals (8). It is also harder to accurately detect (7, 
9). Young children are unable to expectorate adequately, and more invasive methods are required that 
include nasopharyngeal and gastric aspirates, or induced sputa. The necessary skills and infrastructure 
are hardly available in most primary care settings (10, 11). When sputum culture or GeneXpert are 
available, sensitivity is somewhat low as young children often have paucibacillary disease (7).

In many settings, clinical and radiological criteria form the backbone of diagnosis. Clinical criteria 
include a composite score chart (12, 13) ranking for history of contact or evidence of exposure to 
TB by Mantoux tests or their equivalent, protracted classical TB symptoms, failure to thrive with or 
without a suggestive chest radiograph. The criteria have poor specificity for TB in HIV infected infants 
who will tend to have prolonged cough, night sweats or weight loss due to other co-morbidities. (11, 
13, 14). Also, children with respiratory illnesses frequently have multiple infections, chiefly bacterial, 
complicating the clinical picture (8, 11, 15). Chest Computed tomography (CT), the gold standard 
for detection of mediastinal lymphadenopathy, the radiological hallmark of primary tuberculosis (16), 
is unscalable, costly and associated with high radiation exposure. Chest radiographs (CXR) are more 
readily available in TB endemic settings. It has been noted that CXR readings have poor specific-
ity among non-experts or clinicians with basic training (17) and classical diagnostic features are less 
frequently observed than among adults (18). Having a chest radiograph compatible with TB, doubled 
the odds of culture positivity among children (19). The CXR therefore seems a valuable addition to 
the paediatric TB detection armoury.

In most low and middle income countries where TB is endemic, extensive neonatal vaccination 
programs using Bacille Calmette-Guérin (BCG), have reportedly reduced the incidence of severe 
childhood TB including TB meningitis, and miliary TB (20) (21). Nevertheless, several trials for new 
infant TB vaccines have advanced in the last decade (22-24) in recognition of BCG’s variable efficacy 
against pulmonary TB (25) and evidence that protection wanes (26). We sought to conduct a large 
cohort study, utilizing more comprehensive case finding and diagnostic methods to determine TB 
incidence among infants in Western Kenya, in order to inform sample size calculations, mortality 
patterns and estimates ahead of a trial of new TB vaccine candidates. A large portion of the study area 
is covered by a Health and Demographic Surveillance System (HDSS), tracking births, deaths, and 
migration. The majority of the deliveries occur at home (27). The study area has a high morbidity 
burden from respiratory diseases (28-30), acute and chronic undernutrition (31, 32) Birth rates and 
infant mortality are high but declining (31).
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Methods

The Infant Cohort Study was conducted from 2009 to 2011, in the Karemo, Gem and Boro Divisions 
in Siaya County, Western Kenya.

Recruitment
Home births were notified via traditional birth attendants, while health facility births were notified 
by the respective staff to the recruitment supervisor. Due to the health and demographic surveillance 
system, all home births were notified within 6 weeks of birth to the study staff. Infants aged zero to 42 
days, and weighing ≥1700g were eligible, if they were expected to remain in the study area for more 
than two years and had been in the area since birth or for at least one month. Low birth weight babies 
were excluded due to their higher risk of mortality (would take away potential TB disease endpoints). 
Families planning to out migrate from the study area would make it impossible to ascertain TB disease 
endpoints and increase loss to follow up. Following notification, a study nurse was dispatched to review 
the infant for eligibility, obtain informed consent, take anthropometric measures, and provide BCG 
vaccination (Danish Strain, Staten’s Serum Institute).

Study follow up visits took place at health facilities closest to the parents/guardians as follows; at six 
weeks of age for HIV DNA PCR testing (AMPLICOR COBAS), thereafter four monthly for one to 
two years depending on time of enrolment. During follow up visits, parents were asked about history 
of TB contact, TB symptoms in their infants and history of hospitalization. Participants who were 
unable to come to health facilities had home visits. Loss to follow up (LTFU) was defined as unknown 
status after three unsuccessful tracing attempts by study close out. Free ancillary care was provided at 
the study clinic, with hospitalization at the Siaya County Hospital. HIV infected participants were 
referred for care and anti-retroviral therapy (ART) at the HIV comprehensive care clinic.

Identification of presumptive TB.
Due to the non-specific presentation of infant TB, a broad criteria for presumptive TB was defined 
in the protocol for study purposes. At scheduled or ancillary unscheduled visits infants meeting the 
following criteria were considered to have presumptive TB: parental report of household TB contact or 
TB symptoms (cough for two weeks or more, night sweats for two weeks or more, fever for two weeks 
or more or undernutrition (underweight for age)) or a history of hospitalization with severe lower 
respiratory tract infections, meningitis, HIV/AIDS, or malnutrition. Health record surveillance of TB 
registers and the laboratories in the region was conducted to identify if notified TB cases were contacts 
of study participants. This was operationalized by searching the HDSS database using the case name 
and location and matching that to our study participants’ HDSS address.

TB investigations
Participants with presumptive TB were admitted to a case verification ward (CVW) for collection of 
two serial sputum induction and gastric lavage specimens, Mantoux (tuberculin skin test-TST) testing 
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using 2 Tuberculin Units PPD RT23 (Staten Serum, Denmark), DNA PCR or HIV Antibody test-
ing, and antero-posterior and lateral digital radiographs (CXR). Clinicians evaluated the radiographs 
during admission. Anthropometric measurements (middle upper arm circumference and weight for 
age) and clinical ranking using the Keith Edward (KE) Score chart for TB was done. TB treatment was 
initiated if the KE score was ≥7 or if the CXR was consistent with TB or if TB was microbiologically 
confirmed. Participants who started TB treatment with a KE score ≥7 but a negative CXR for TB or 
not microbiologically confirmed were not considered cases for this study.

Sputum samples underwent liquid and solid culture by Mycobacterial Growth Indicator Tube 
(MGIT) and Lowenstein Jensen (LJ) media. Thereafter, speciation for positive cultures was done using 
Capilia (FIND and Tauns co. Ltd) or GenoType assay (Hain Diagnostika, Nehren, Germany). Later, 
when GeneXpert MTB/RIF became available, additional sputum testing was performed from frozen 
stored sputum pellets. No drug susceptibility testing was done.

Case Definitions
TB cases were classified into bacteriologically confirmed and radiographically diagnosed cases. Bac-
teriologically confirmed were microbiologically confirmed. An expert panel comprising a paediatric 
pulmonologist and radiologist performed blinded reviews of CXRs using a standard form developed 
for TB vaccine trials sites through consensus (17). Any radiograph classified as consistent with TB was 
defined as radiographically diagnosed TB. Due to subjective assessment of clinical criteria, radiological 
and bacteriological criteria are presented in this paper to provide a more objective assessment of actual 
cases that would be end-points in a future TB vaccine trial and that are more stringent. Clinical criteria 
are non-specific due to other prevalent co morbidities like HIV, malnutrition and failure to thrive. 
A positive Mantoux test was an induration of ≥ 10mm (or ≥5mm in the presence of severe acute 
malnutrition or HIV infection).

Statistical Methods
Electronic case report forms were used. Data was analysed using STATA 13 (STATA corp California). 
We defined enrolment weight as low if it was <2500g and normal at ≥2500g. Nutritional status was 
classified based on mid-upper arm circumference for infants older than 6 months or weight for age 
WHO Z scores for those less than 6 months. Person time was calculated from enrolment to the last 
study contact in a scheduled or unscheduled visit or death whichever was last or TB disease diagnosis. 
Radiographically cases diagnosed by experts were censored at the date of CXR. Incident TB was com-
puted for bacteriologically confirmed and all TB by dividing the number of cases by the total person 
time. Cox proportional hazards was used to compare those who became TB cases versus the rest of the 
study population, identify risk factors for TB and study retention. Vaccination status at four months of 
follow up, when Pentavalent III has been given was tested as a potential predictor of retention.

Factors that were statistically significant during univariate analysis were further included in a multi-
variate Cox regression model to adjust for multiple factors to determine those remaining significant risk 
factors for TB and study retention. Logistic regression was used to compare the clinical characteristics 
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of bacteriologically confirmed and radiographically diagnosed TB. These independent variables were 
included: TST, KE Score, nutritional status, history of household contact, infant HIV and reason for 
TB investigations.

Frequency of ancillary care visits (sick visits) and hospitalization between zero and four months were 
considered potential risk factors for incident TB at follow up.

Results

TB incidence
Of 2900 infants enrolled, 196 (6.8%), moved out of the study area upon enrolment. A total of 2704 
infants were followed up for TB incidence, with 3298 person years of follow up (pyo). (Figure 1).

Mean follow up time was 1.14 pyo (median 1.3 pyo). There were 205 (7%) total deaths, of whom 
26/205 (13%) were known to be HIV infected. About a third of the deaths were in the neonatal 
period, thereafter most identifiable immediate causes of death were due to severe dehydration and 
acute respiratory ailments (33).

We identified 927/2900 (32%) as presumptive TB cases, of these we investigated 737/927 (80%) 
and found 69 individuals to have TB based on microbiological confirmation or radiological criteria. 
The incidence rate of all TB was 2.0/100 pyo (95% CI 1.65, 2.65). There were nine bacteriologically 
confirmed TB cases, incidence rate was 0.3 per 100 pyo (95% CI 0.1, 0.5) and the incidence of 
radiological TB was 1.82/100 pyo. In addition, sixty cases had CXRs consistent with TB. The experts 

Figure 1  |  Flow diagram of the selection of infants for incidence follow-up and the number, who are deceased, 
withdrew or were lost to follow-up.
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identified 64/69 all TB cases, of which they agreed on only seven. One of the experts identified 43/60 
radiographically diagnosed cases and 4/9 bacteriologically confirmed on CXR. The other expert identi-
fied 21/60 radiographically diagnosed cases and 3/9 bacteriologically confirmed on CXR.

Sociodemographic predictors of TB
There were no differences in demographic (sex, maternal age) socioeconomic indicators (maternal 
occupation) between TB cases and the rest of the cohort at baseline. There were also no significant 
differences in infant enrolment weight and maternal HIV status between the groups. However, the 
incidence of TB was higher in those with HIV (p=0.0004) and those reporting a household contact 
at baseline (p=0.04). TB incidence was lower among mothers who attended antenatal care visits 
(p=0.04). (Table 1).

Comparative clinical characteristics of TB cases
We compared the clinical characteristics of bacteriologically confirmed and radiological cases. Com-
pared with cases identified with radiology, bacteriologically confirmed TB patients had more often a 
KE score>=7 (OR 17.0, 95% CI 2.78, 104), were more often TST positive (OR 10.8, 95% CI 2.16, 
54.4), and reported more frequently a history of TB contact (OR 6.13, 95% CI 1.10, 34.2). There 
were no other significant differences in clinical characteristics. (Table 2)

Table 1  |  Baseline characteristics of TB cases versus study population and univariate HR for incident TB

Baseline Variable TB case n=69 pyrs HR (95% CI)

Gender Male 38 1610 1.17 (0.73, 1.88)

Female 31 1688 1*

Place of Birth Home 49 2147 1.29 (0.77, 2.18)

Health Facility 20 1131 1*

Maternal HIV Positive 9 2766 0.87 (0.43, 1.75)

Negative 60 474 1*

Infant HIV status Negative 62 3228 1*

Positive 7 69 5.81 (2.65, 12.7)

Maternal age (years) <19 16 635 1*

20-29 39 1722 0.86 (0.48, 1.55)

>29 14 941 0.56 (0.27, 1.15)

ANC attendance Yes 57 2911 0.53 (0.28, 0.98)

No 12 328 1*

Enrolment weight (grams) 1700-<2500 4 239 0.79 (0.29, 2.16)

>=2500 65 3058 1*

Household contact Yes 9 203 2.11 (1.05, 4.29)

No 60 3095 1*

Maternal occupation Unemployed/farmer 63 2872 1*

Business/Salaried 6 426 0.61 (0.26, 1.42)

* 1 = set as the reference
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Risk factors for incident TB
In univariate comparisons, infant HIV infection, two or more hospitalisations, one or more sick visits 
and household TB contact at baseline were risk factors for incident TB. We adjusted for these variables 
and found infant HIV infection increased the risk of incident TB, adjusted Hazards Ratio (aHR) 
4.71 (95% CI 2.13, 10.4)]. Two or more hospitalisations by 4 months of age also increased risk, 
adjusted Hazard Ratio (aHR) 2.10 (95% CI 1.09, 4.03)] as did multiple sick visits, adjusted Hazard 
Ratio (aHR) 2.17 (95% CI 1.12, 4.22)]. Household TB contact was not a significant predictor in the 
adjusted model. (Table 3)

Loss to Follow up
One year loss to follow-up was lower with increasing maternal age in both the univariate and multi-
variate analysis; adjusted Hazard Ratio (aHR) 0.89 (95% CI 0.79, 1.00). Complete vaccination status 
measured by proportion who had received all required vaccinations by four months per the Kenya 
Expanded Immunization Program (KEPI) was associated with lower loss to follow-up; adjusted Hazard 
Ratio (aHR) 0.44 (95% CI 0.39, 0.49). Employed mothers or those in business had lower loss to fol-
low up compared to unemployed; adjusted Hazard Ratio (aHR) 0.73 (95% CI 0.64, 0.84)]. (Table 4)

Table 2  |  Comparing clinical characteristics of definite and chest radiograph TB cases

Characteristic Definite TB N=9 CXR TB N=60 HR (95% CI)

TST Negative 5 52 1*

Positive 3 8 10.8 (2.16, 54.4)

Missing 1

KE Score^ category <7 4 51 1*

≥7 4 3 17.0 (2.78, 104)

Missing 1 6

Nutrition Normal 2 7 1*

At risk 2 10 0.70 (0.08, 6.22)

Moderate malnutrition 4 33 0.42 (0.07, 2.79)

Severe malnutrition 1 10 0.35 (0.03, 4.65)

History of TB contact No 4 49 1*

Yes 3 6 6.13 (1.10, 34.2)

Missing 2 5

Reason for investigation Contact 1 4 1*

Hospitalization 3 36 0.33 (0.03, 4.01)

Symptoms 3 14 0.86 (0.07, 10.7)

Missing 2 6

Infant HIV status Negative 6 50 1*

Negative (exposed) 2 4 4.17 (0.63, 27.8)

Positive 1 6 1.39 (0.14, 13.6)

* 1 = set as the reference
^ KE score (Keith Edward Score)
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Table 3  |  Prospective risk factors for TB based on baseline and follow up characteristics of whole study population

Characteristic TB cases
N=69

Study
Population

Person-
years

HR
(95% CI)

Adjusted HR
(95% CI)

HIV status Negative 56 2409 2793 1* 1*

Negative 
(exposed)

6 356 436 0.68
(0.29, 1.57)

0.62
(0.27, 1.45)

Positive 7 66 69 5.56
(2.53, 12.2)

4.71
(2.13, 10.4)

Nutrition Normal 9 376 442 1*

At risk 12 656 828 0.71
(0.30, 1.68)

Moderate 
malnutrition

37 1300 1672 1.09
(0.53, 2.25)

Severe 
malnutrition

11 290 343 1.60
(0.66, 3.86)

Missing 209

Hospitalization 0 52 2521 2902 1* 1*

1 5 137 160 1.80
(0.72, 4.50)

1.43
(0.57, 3.63)

≥2 12 173 237 2.80
(1.49, 5.24)

2.10
(1.09, 4.03)

Sick visits by 4 
months

0 visits 13 1311 1269 1* 1*

1 visits 20 663 821 2.37
(1.18, 4.76)

2.05
(1.01, 4.16)

≥2 visits 36 926 1208 2.82
(1.49, 5.32)

2.17
(1.12, 4.22)

History of TB 
contact

No 60 2698 3095 1* 1*

Yes 9 133 203 2.12
(1.05, 4.29)

1.93
(0.95, 3.94)

Maternal age <19 16 619 635 1*

20-29 39 1494 1722 0.86
(0.48, 1.54)

>29 14 718 941 0.56
(0.27, 1.15)

Maternal 
occupation

Unemployed / 
farmer

63 2479 2872 1*

Business / 
salaried

6 352 426 0.61
2(0.26, 1.42)

Retained No 2 628 170 1*

Yes 67 2202 3127 1.10
(0.26, 4.62)

* 1 = set as the reference
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Sample size requirements for vaccine trials in this population
We estimate based on our bacteriologically confirmed incidence rate a total of 24,321 infants in a 1:1 
randomization would need to be enrolled for both arms combined at an incidence rate of 0.3/ 100 pyo 
to demonstrate a 50% vaccine efficacy with 91 TB cases in the placebo arm and a 20% loss to follow 
up over 3 years. About half that number would be required with a vaccine of 70% efficacy. Conversely 
a total of one thousand four hundred and four infants would be needed for both arms combined to 
demonstrate a 50% vaccine efficacy given an all TB rate in the order of 2/ 100 pyo. (Table 5)

Table 4  |  One year loss to follow up (LTFU) and factors associated with LTFU of prospectively followed up infants

Baseline Variable LTFU* 
(n)

Person years HR
(95% CI)

Adjusted HR
(95% CI)

Gender Male 220 1610 1*

Female 215 1688 1.01 (0.94, 1.11)

Place of Birth Home 181 1131 1* 1*

Health Facility 252 2147 1.04 (0.96, 1.14) 0.80 (0.60, 1.09)

Infant HIV status Negative 395 2793 1* 1*

Negative exposed 32 436 0.98 (0.87, 1.10) 0.98 (0.86, 1.12)

Positive 8 69 1.53 (1.20, 1.96) 1.41 (1.06, 1.89)

Maternal Age <19 149 635 1* 1*

20-29 232 1722 0.86 (0.77, 0.96) 0.89 (0.79, 1.00)

>29 54 941 0.85 (0.75, 0.96) 0.89 (0.78, 1.02)

ANC attendance Yes 43 328 1*

No 387 2911 1.02 (0.89, 1.17)

Vaccination status incomplete 78 510 1* 1*

complete 97 2477 0.44 (0.39, 0.49) 0.44 (0.39, 0.49)

Maternal occupation Unemployed/ Farmer 378 2872 1* 1*

Business/Salaried 57 426 0.71 (0.62, 0.81) 0.73 (0.64, 0.84 )

* 1 = set as the reference

Table 5  |  TB vaccine sample sizes

Presumed vaccine efficacy

50% 60% 70%

Incidence rate of 
placebo culture 
confirmed

Total 
size of 

sample*
placebo vaccine

Total 
size of 

sample*
placebo vaccine

Total 
size of 

sample*
placebo vaccine

0.3/100 24.321 88 44 16.318 59 23 11.554 42 12

2.0/100 1.404 34 17 942 23 9 667 16 5

* Lost to follow-up percentage set to 20%
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Discussion

Incidence of TB and implications
We observed a high incidence of all TB among infants in Western Kenya in the order of of 2/100pyo. 
A much lower incidence of bacteriologically confirmed TB (0.28 per 100 pyo) was found. This is 
consistent with infant disease which is classically paucibacillary. It is higher than reported definite TB 
incidence in Mozambique, (0.14 per 100 pyo (34)) but lower than in the Western Cape, (1.2 per 100 
pyo (5)). A large number of participants were identified as having presumptive TB indicating a high 
morbidity burden that lead to TB suspicion. TB vaccine trials will need to formulate strategies to deal 
with this high morbidity burden in infant vaccine trial cohorts and provide the staff capacity needed 
to cope with the large number of TB investigations required. In addition, 20% of participants with 
presumptive TB were not investigated. The requirement for a 48 hour admission for TB investigations 
might have led some parents to decline investigations. Future studies need to offer flexibility including 
exploring day admissions and discharges for infants whose parents are unwilling to have overnight 
admissions. The missed investigations might have underestimated the burden of TB in this cohort.

Case definitions
Our study utilized a chest radiographs (CXR) to define non-microbiologically confirmed TB. To be 
clear, these infants met clinical criteria for TB suspicion, therefore the CXR was a confirmatory tool, 
in the absence of microbiological confirmation. There are challenges related to the diagnosis of TB 
in children in regard to the use of CXRs which include; Identification and interpretation of CXR 
abnormalities are variable and often inconsistent (35), CXR parenchymal abnormalities in infants 
and young children with TB are not specific for TB but overlap with CXR abnormalities due to other 
lower respiratory tract infections (36) and CXR is less sensitive for detecting TB-related intrathoracic 
abnormalities than other imaging modalities (37). Despite the low agreement between the expert read-
ers, 3 out of 7 CXRs defined as consistent with TB were also culture confirmed indicating having more 
than one reader is key in identifying TB. One way to improve on the poor agreement between experts 
would be to require an additional criteria like latent TB infection, for definition of TB in addition to 
a CXR consistent with TB where the experts don’t agree. The study area has a high morbidity burden 
due to HIV, undernutrition and acute respiratory diseases (19, 27, 30, 31, 33). The limitations of a 
clinical score chart, namely low specificity and high sensitivity, leading to over-treatment have been 
documented (13, 14). The chest radiograph therefore was used for a viable case definition, in light of 
low sensitivity of microbiological methods. It has been shown that chest radiographs, are a significant 
correlate of culture confirmed TB in settings endemic for HIV and other co-morbidities (19, 38). 
Unfortunately, an intrinsic risk of this approach is the lack of specificity which would underestimate 
vaccine efficacy, given that new candidates are not geared toward prevention of non-TB respiratory 
ailments. As this study utilized blinded experts expected to have higher specificity compared to non-
expert clinicians (17), misclassification was minimized to the extent possible. This approach also 
permitted evaluation of risk factors for incident TB, as they were not part of the diagnostic criteria.
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Infant TB diagnostics and alternative samples
There are currently limited options for TB diagnosis in young infants. Nasopharyngeal and stool 
samples could be non-invasive alternatives to induced sputum and gastric lavage. Nevertheless, when 
analysed using Gene Xpert, both have shown lower sensitivity in children compared to sputum (39-
41). The WHO has recommended the use of Xpert MTB/RIF over conventional microscopy and 
culture as the initial diagnostic test in all children suspected of having TB, while acknowledging the 
resource implications. IGRAs and commercial serology diagnostics tests are not recommended for use 
in infants regardless of their HIV status (42, 43). New diagnostic tools are needed. These must then be 
validated in very young children.

In an autopsy study of children with lung disease, undiagnosed TB was among the top three causes 
of death among HIV infected and uninfected children, supplementing data showing that definite 
TB alone could be an insensitive indicator of disease (8). Missed TB cases are found at autopsies (44, 
45), particularly among children (45, 46) in both low and high TB incidence settings. About 7% of 
the cohort died during the study; obtaining ethical approval and informed consent to include limited 
but targeted post mortem exams, would increase the number of end-points in a TB vaccine trial. One 
necropsy study showed an additional 25% of respiratory related deaths among hospitalized children 
were attributable to undiagnosed TB. This potential end-point has not been included in previous trials.

Risk factors
HIV infected infants had a two to ten-fold increased risk of TB disease. Unfortunately, most TB 
vaccine trials exclude this population for safety reasons. This is the population that most urgently needs 
a more efficacious TB vaccine. Frequent hospitalization and out-patient sick visits can be considered a 
marker of chronic morbidity. Patients with one or more sick visits and hospitalizations had more than 
one to four fold increased risk of TB. While it is possible that the sick visits increased the probability 
of TB detection, the higher frequency may also be an indication of underlying vulnerability to TB.

TB vaccine trial sample sizes
Our study sought to determine incidence estimates for sample size calculations of hypothetical 
clinical trials. Due to reliability and validity concerns around TB diagnosis in young children; relying 
narrowly on bacteriologic confirmation of cases would necessitate exposure of tens of thousands of 
trial participants to an investigational product, depending on vaccine efficacy. Unfortunately, broad 
criteria that include radiographic and clinical cases might mean some non-cases are included, leading 
to underestimates of the efficacy of a vaccine candidate.

Including HIV infected infants who are more likely to develop TB, and also most likely to benefit 
from the protection of an efficacious vaccine, would minimize sample sizes considerably. However, 
protective efficacy among HIV individuals may be harder to achieve due to challenges with achieving 
adequate immunological response.
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Retention
Critical to the success of any vaccine trial is retention of participants for end-point determination. 
A considerable proportion of study participants, exited the study area after enrolment (7%). Future 
studies must consider cultural norms where women migrate to other areas to give birth and return to 
their marital homes shortly after. This should be taken into consideration on deciding on inclusion 
and thus reduce loss to follow-up. Thereafter, the loss to follow-up was about 12% and this would 
need to be factored into sample size considerations. Factors of health seeking behaviour, particularly 
completeness of infant vaccination predicted retention. This suggests possible selection bias in case 
detection, as those who are lost to follow up, may have less favourable health seeking behaviour and 
therefore are less likely to be diagnosed with TB.

Increasing maternal age was positively associated with retention. Vaccine trials, can possibly deploy 
better strategies to retain younger mothers including targeting them for phone/home follow up to 
increase their retention. Our study population largely comprised children of peasant farmers and 
unemployed women, whereas those who were employed or running businesses were more likely to be 
retained. In consideration of this skew, such mothers might require off-site follow up such as home 
visits or provisions for comprehensive tracing when they out-migrate.

Limitations
As the majority of TB is not microbiologically confirmed, alternative case definitions that use radio-
logical criteria were used. We diagnosed TB when any of the blinded experts considered the radiograph 
to be consistent with TB, however most clinical trials would only consider the radiographs where 
experts agreed to be a TB case. Low expert inter-rater agreement has been demonstrated (17). Since 
experts agreed on only seven infants as having TB, the low yield would be an additional limitation to 
overcome. With all cohort studies, loss to follow up may occur and this may have underestimated our 
TB incidence estimates. In addition, sputum samples were not tested further to exclude other viral or 
bacterial respiratory pathogens that could have similar radiological presentation, this could potentially 
overestimate TB incidence.

Strengths
Our study is one of the first to reliably document TB rates among infants in Western Kenya. We de-
ployed expert readers to adjudicate on cases, as would be the case in a vaccine trial. We deployed CXRs 
to estimating the TB incidence, in consideration of the disease patterns in the study area as well as the 
diagnostic challenges. Therefore we consider the study findings to be generalizable to similar settings.

Conclusions

High TB incidence among young children in Western Kenya particularly among the HIV infected 
demonstrates the need for novel infant TB vaccines, suited for these children. In light of this, this 
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population is suitable for new TB vaccine trials. However, large sample sizes would be needed for phase 
III trials, given the low definite TB incidence. Inclusion of necropsy studies and radiological TB may 
increase the number of study end-points and reduce the sample sizes. Retention of young women and 
unvaccinated infants who may have a different risk of TB profile, requires deliberate design of such 
studies.

Ethical Approval
The protocol and informed consent forms were reviewed and approved by the KEMRI local and 
national scientific steering committees and the KEMRI national ethical review committee (SSC 1465).
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