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Table 1 Previous surveillance sites
Article Country Province Site Age

group
iNTS
episodee

Blood
culture

Proportion of iNTS (per 1000 blood
cultures)

Source

Lunguya
et al.

Democratic Republic of
Congo

Bas Congo Kinsantu Overall 114 2508 45.5 [20]

Kinshasa Kinshasa town Overall 63 5499 11.5

Bandundu Centera Overall 1 73 13.7

Equateur Bwamanda Overall 29 403 72.0

Kasai-
Occidental

Ileboa, b Overall 0 2 0.0

Kasai-Oriental Centera Overall 1 26 38.5

Orientale Kisangani Overall 18 1123 16.0

Marks et al.c Burkina Faso Ouagadougou Nioko2 &
Polesgod

Overall 60 1674 35.7 [21]

Ghana Asante Asante Akim
North

0–14.9 yo 145 2651 54.8

Senegal Dakar Pikine Overall 4 1058 3.8

Tapia et al. Mali Bamako Bamako &
Koulikoro

0–15.9 yo 667 26,126 25.5 [22]

aIn Bandundu, Kasai-Occidental, and Kasai-Oriental, there were no fixed surveillance sites as samples were collected on purpose (i.e. suspicion of outbreaks). Thus,
the centroids of the three provinces were used instead
bGiven that there were only two blood cultures taken in Kasai-Occidental, it was possible to identify the location based on email correspondences with the
authors of the article
cAmong all countries reported by Marks et al. [21], the current table only shows the countries where corresponding DHS datasets are available. For other
countries, see Marks et al. [21]
dThe two sites in Burkina Faso were adjacent, thus a single set of geo-coordinates was used
eIn the Democratic Republic of Congo, the number of iNTS cases was the sum of Typhimurium and Enteritidis reported by Lunguya et al. There were no adjusted
iNTS cases available in Senegal, thus raw cases were applied

Fig. 2 The selected DHS clusters per study site
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iNTS and the iNRF index with an equal weight was
highly correlated showing the correlation coefficient of
0.821 at the 1% Bonferroni-adjusted significance level
(p = 0.002). Nonetheless, the relationship between iNTS
and the iNRF index in Kasai-Occidental appeared to be
less consistent compared to that in other sites. The cor-
relation coefficient with the iNRF index based on relative
weights was 0.809 at the 1% Bonferroni-adjusted signifi-
cance level (p = 0.003). Thus, the iNRF index with an
equal weight was chosen for further analyses (simply
named the iNRF index hereafter).
Sensitivity analyses were conducted to examine how

extending a radius would affect the association between
the iNRF index and the proportion of iNTS. Figure 4
shows the relationship between the proportion of iNTS
and the iNRF index estimated with additional radii: 80

km and 100 km. It is clear to see that the wider the ra-
dius is, the weaker the correlation is. The correlation co-
efficients were estimated at 0.755 (p = 0.007) and 0.629
(p = 0.038) with 80 km and 100 km radii, respectively.
This result was consistent with the presumption that
risk factors distributed in adjacent areas to a study site
would improve the accuracy of the association with the
proportion of iNTS.
Given the association between the iNRF index and the

proportion of iNTS episodes observed in the existing
surveillance studies, the iNRF index was further esti-
mated at the subnational boundary level for all 9 coun-
tries and shown in Fig. 5. At the country-level, Guinea
appeared to be at the highest risk for iNTS followed by
Cote d’Ivoire and Burkina Faso. On the other hand,
Rwanda, Senegal, and Burundi were relatively at lower
risk than other countries. At the provincial-level, the
highest risk area was identified in Maniema, the Demo-
cratic Republic of Congo, whereas Dakar in Senegal was
at the lowest risk. Supplementary table shows further de-
tails on individual index values and its percentiles at the
subnational boundary level (see Additional file 1). The
overall risk-level of iNTS was variable not only by coun-
try but also within a country. For example, while the
iNRF index values were generally high (or low) across all
provinces in Cote d’Ivoire (or Rwanda), the risk levels
were variable by province in the Democratic Republic of
Congo. The iNRF index values were low to moderate in
some provinces such as Nord-Kivu, Sud-Kivu, and
Kinshasa in the Democratic Republic of Congo, but the
risk-level was much higher in Maniema and Ituri prov-
inces in the same country.

Discussion
The current study created a composite index called the
iNRF index in order to identify potential high risk areas
for iNTS. The iNRF index was generated based on four
risk factors which were previously validated in literature,
and the study outcome showed that the prevalence of
iNTS was correlated to the iNRF index. In particular,
the four risk factors used in this study were directly ob-
tained from the survey data without imposing any un-
necessary parametric assumptions for prediction. By
using risk factors which were commonly available across
countries, the risk-level of iNTS was estimated in a con-
sistent manner at the subnational boundary level. The
overall risk-level of iNTS was variable not only by coun-
try but also within a country, indicating that the actual
burden of iNTS at the country-level would likely be dif-
ferent from a site-specific disease burden.
In the context of neglected tropical diseases where in-

cidence rates are disproportionately high in developing
countries, population-based surveillance data are scarce.
In addition, data gathered in surveillance studies are

Fig. 3 Correlation between the proportion of iNTS and the iNRF
index. iNTS: Invasive Non-Typhoidal Salmonella. iNRF: iNTS Risk
Factors. CD: The Democratic Republic of Congo, BF: Burkina Faso, SN:
Senegal, GH: Ghana, ML: Mali

Fig. 4 Sensitivity analyses with varying radii. iNTS: Invasive Non-
Typhoidal Salmonella. iNRF: iNTS Risk Factors. CD: The Democratic
Republic of Congo, BF: Burkina Faso, SN: Senegal, GH: Ghana,
ML: Mali

Lee et al. BMC Infectious Diseases          (2021) 21:529 Page 6 of 10



22. Tapia MD, Tennant SM, Bornstein K, Onwuchekwa U, Tamboura B, Maiga A,
et al. Invasive nontyphoidal Salmonella infections among children in Mali,
2002-2014: microbiological and epidemiologic features guide vaccine
development. Clin Infect Dis. 2015;61 Suppl 4:S332–8.

23. von Kalckreuth V, Konings F, Aaby P, Adu-Sarkodie Y, Ali M, Aseffa A, et al.
The typhoid fever surveillance in Africa program (TSAP): clinical, diagnostic,
and epidemiological methodologies. Clin Infect Dis. 2016;62(Suppl 1):S9–
S16.

24. Lim SH, Methe BA, Knoll BM, Morris A, Obaro SK. Invasive non-typhoidal
Salmonella in sickle cell disease in Africa: is increased gut permeability the
missing link? J Transl Med. 2018;16(1):239. https://doi.org/10.1186/s12967-01
8-1622-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Lee et al. BMC Infectious Diseases          (2021) 21:529 Page 10 of 10

https://doi.org/10.1186/s12967-018-1622-4
https://doi.org/10.1186/s12967-018-1622-4

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data preparation
	iNTS risk factor (iNRF) index
	Validation
	Risk mapping
	Ethics approval and consent to participate
	Permission to access data

	Results
	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

