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The report by Biggs et al in the current
issue of Clinical Infectious Diseases pro-
vides important insight into relationships
between the 2 main forms of invasive Sal-
monella disease and the major childhood
infectious disease burden in sub-Saharan
Africa—malaria. It is the latest in a series
of carefully conducted clinical studies
from Tanzania from the research groups
of John Crump and Hugh Reyburn. The
study combines blood culture and clini-
cal data from 2 major hospitals located
some 250 km apart in very different set-
tings: the Kilimanjaro Christian Medical
Centre (KCMC), at 890 m at the foot of
Mount Kilimanjaro in Moshi, where
malaria transmission is low and seasonal,
and Teule Hospital, at 96 m near the coast
in Muheza, where malaria transmission is
intensive and perennial.

Invasive Salmonella disease can be
divided broadly into enteric fever,

principally caused by Salmonella enterica
serovars Typhi and Paratyphi A, and in-
vasive nontyphoidal Salmonella (iNTS)
disease, mainly caused by Salmonella Ty-
phimurium and Enteritidis. Enteric fever
is a particular problem in Southeast Asia
[1], where iNTS disease is relatively un-
common. By contrast, iNTS disease is re-
sponsible for a much larger disease
burden than enteric fever in sub-Saharan
Africa, causing >100 000 deaths a year. In
many African countries, nontyphoidal
Salmonella (NTS) is the commonest
cause of bacteremia [2], although in
recent years, there has been a growing
number of reports of invasive disease
caused by S. Typhi in the region. It is cur-
rently uncertain what is driving the
evolving epidemiology of invasive Salmo-
nella disease in sub-Saharan Africa. The
sites in Tanzania where this study was
conducted represent 2 locations in Africa
where both iNTS disease and typhoid
can be studied.
The authors investigated bacteremia

among febrile children admitted to both
hospitals. There was no difference in the
isolation rates of Streptococcus pneumo-
niae and Escherichia coli, 2 commonly
isolated bacterial pathogens, between the
sites. However, bacteremia at Teule Hospi-
tal was twice as common as at KCMC and
this difference is due to the higher inci-
dence of iNTS disease at Teule. Half of all

pathogenic isolates from that site were
NTS, whereas only 1 case of NTS bactere-
mia was detected at KCMC. In contrast,
S. Typhi accounted for 3% of culture iso-
lates at Teule and a third at KCMC.

These findings suggest the presence of
a factor that exerts a strong influence
on the 2 types of invasive Salmonella
disease. Malaria is the obvious candidate.
Malaria parasites were present in more
than half of febrile children admitted at
Teule, but only 2% at KCMC. Three-
quarters of iNTS disease cases at Teule
were associated with malaria or recent
malaria. By multivariate analysis, iNTS
disease was significantly associated with
younger age, recent malaria, acute severe
malnutrition, and severe anemia.

A constant challenge in the interpreta-
tion of observational studies is determin-
ing which associations are causal. A
number of well-recognized risk factors
are associated with iNTS disease in
African children, including malaria. The
association between malaria and Salmo-
nella disease in Africa was first reported
by Giglioli in British Guiana in the
1920s, albeit with S. Paratyphi C [3], and
then again by Mabey et al in the Gambia
in 1987 [4]. Subsequently, the clinical
link between the 2 diseases has become
well established. There have been recent
reports of falling levels of overall bactere-
mia and iNTS disease in locations in sub-
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Saharan Africa, where malaria levels are
declining [5]. Nevertheless, persistently
high levels of iNTS disease are still found
across much of the continent [2]. Other
well-recognized clinical associations with
iNTS disease are young age, malnutrition,
human immunodeficiency virus (HIV),
and anemia, often presenting as severe
malarial anemia [2].

A relative importance for malaria in
the etiology of iNTS disease in the Tan-
zanian setting is suggested by the finding
that severe acute malnutrition and HIV
disease are more common among febrile
children at KCMC than at Teule. The
Crump/Reyburn team previously report-
ed a close link between iNTS disease and
HIV infection among adult inpatients at
KCMC, as well as a significant negative
association between HIV infection and
enteric fever [6]. The lack of association
between HIV infection and iNTS bacter-
emia in the current study could be due to
the low prevalence of HIV infection
among children at Teule.

The mechanisms underlying the associ-
ation between iNTS disease and malaria
have been explored in murine coinfection
models. They include a reduction in neu-
trophil oxidative burst activity, attributed
to the induction of heme oxygenase-1 sec-
ondary to hemolysis [7], reduced levels of
interleukin 12 (IL-12) [8], and increased
levels of interleukin 10 (IL-10) [9]. The
latter 2 possibilities are consistent with
the apparently paradoxical relative lack
of iNTS disease in children with high
parasite counts in the current study.
High malaria parasite counts are
common in cerebral malaria where there
is marked upregulation of the inflamma-
tory/T helper 1 group of cytokines, in-
cluding interferon-γ, tumor necrosis
factor–α, and IL-12, which are moderat-
ed by the production of IL-10.

Typhoid fever in this study was associ-
ated with older age and negatively associ-
ated with current malaria. No patient
with typhoid fever was infected with HIV
or had had recent malaria. However,
whereas there were 163 episodes of iNTS

disease in the study, there were only 17 of
typhoid fever, partly because there were
almost 10-fold fewer children from
KCMC than from Teule. The small
number of typhoid fever cases makes it
difficult to draw firm conclusions from
this study about its emergence in Africa.
From this and other studies, there

appears to be some mutual exclusivity
between iNTS disease and typhoid fever
in Africa. Typhoid fever is usually un-
common in settings where iNTS disease
and malaria are prevalent. A study from
2 sites in Kenya similarly found high
levels of iNTS disease and low levels of
typhoid fever in a high malaria transmis-
sion rural setting, and the converse in a
low malaria transmission urban setting
[10]. As with the current study, differen-
tial malaria endemicity was proposed as
the underlying reason for this epidemiol-
ogy. Recent data from Malawi indicate a
sustained decrease in iNTS disease since
2003 with a rise in typhoid fever from
2011, such that in 2012 S. Typhi was
more commonly isolated from blood
than iNTS [11]. The changes occurred
without a clear change in malaria trans-
mission, although half a million Mala-
wians have started antiretroviral therapy
since 2003. This is evidence that other
factors, particularly HIV infection, are
relevant to the occurrence and etiology of
invasive Salmonella disease in Africa.
What additional factors could have a

bearing on the occurrence of invasive
Salmonella disease in Africa? Although
the clinical data have been well analyzed
in this study, there is a lack of informa-
tion about host immunity to Salmonella
in this setting, the actual bacteria iso-
lates responsible for these infections,
and possible environmental factors that
could affect Salmonella transmission.
The acquisition of antibodies against
NTS with age is associated with a fall in
incidence of iNTS disease among Mala-
wian children [12], and differences in
acquired antibody and T-cell immunity
to both forms of Salmonella at the 2 hos-
pitals could have an important impact on

the amount of disease seen. There is gen-
eral lack of information about temporospa-
tial differences in patient immunity against
different forms of Salmonella across Africa.
Such knowledge could prove key to
making sense of the emerging epidemiolo-
gy of invasive Salmonella disease and help
predict Salmonella epidemics.

On the pathogen side of the host–
pathogen interface, details about the
antibiotic resistance of the different Sal-
monella isolates and the serovar identities
of the iNTS isolates (Typhimurium, En-
teritidis, or other) are not available in
this report. The former could be par-
ticularly significant given the high pro-
portion of children who had received
antibiotics prior to admission. The NTS
epidemic in sub-Saharan Africa has been
associated with the emergence of a new
pathovar of S. Typhimurium character-
ized by the multilocus sequence type
ST313 [13]. Similarly, the emergence of
S. Typhi in sub-Saharan Africa has been
associated with the spread of the H58
haplotype from Southeast Asia [14]. It is
important to determine whether these
strains are circulating in Tanzania. Finally,
problems with clean water security and
basic sanitation can underpin the spread
of S. Typhi [1]. Some of the earliest re-
ports of the emergence of typhoid fever
in the region were from the Kibera slum
of Nairobi [10].

What are the implications for the
management of invasive Salmonella
disease? Clearly, a high index of suspi-
cion for iNTS disease is required among
febrile children who are “slide negative”
for malaria parasites in Africa, particu-
larly if they have recently had an episode
of malaria. Vigilance needs to be main-
tained for the emergence of typhoid
fever in Africa, especially in sites where
the prevalence of malaria and/or iNTS
disease is falling. Finally, it cannot be
assumed that all invasive Salmonella dis-
ease in Africa is due to NTS or S. Typhi.
Therefore, clinical interventions, includ-
ing new vaccines, need to be developed
against both types of Salmonella disease.
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In summary, the study by Biggs et al
provides useful insights into the interre-
latedness of iNTS disease, typhoid fever,
and malaria in Africa. The main con-
clusion is the confirmation of the close
association between iNTS disease and
malaria among African children to a
level where a role in the etiology of iNTS
disease is supported. Secondary conclu-
sions are the lack of such an association
with typhoid fever, and an apparent
partial mutual exclusivity between iNTS
disease and enteric fever in Africa. Com-
bined with the Tanzanian groups’ previ-
ously reported work in relation to HIV
infection and invasive Salmonella disease,
the 2 studies reinforce the premise that
iNTS disease is a problem among African
children where malaria transmission is
high and among adults where HIV infec-
tion is prevalent. In areas where these co-
morbidities are uncommon or incidence
levels are falling, typhoid fever threatens
to emerge, particularly where clean water
security is low and sanitation is poor.

To further understand the relationship
between these 3 diseases, longitudinal
studies at multiple sites are needed to
track their evolving epidemiology over
time. To bring mechanistic insight to this
epidemiology, such clinical work needs
to be supported by laboratory work to
appraise host immunity carefully, both
among affected individuals and back-
ground communities, as well as to deter-
mine the genomic, molecular, and clinical
microbiology of the disease-causing iso-
lates. Such work will require an increased
investment in Africa. This is essential to
improve clinical practice and guide the

development of new medical interven-
tions against a group of diseases that con-
tinue to be responsible for a heavy burden
of morbidity and mortality.

Notes

Financial support. The author is the recipi-
ent of a clinical research fellowship from Glaxo
SmithKline, and receives funding from the
European Commission FP7 (Industry-Academia
Partnerships and Pathways grant 251522, “GEN-
DRIVAX,” and European Industrial Doctorate
grant 316940, “VADER”), the Bill & Melinda
Gates Foundation (Grand Challenges Explorations,
grant OPP1070067, Polysaccharide-GMMA par-
ticle vaccines for Global Health), and the Medical
Research Council UK (PhD studentships) in
support of Salmonella vaccine research and re-
search into mechanisms of protective immunity
against Salmonella.
Potential conflicts of interest. The author is

an employee of the Novartis Vaccines Institute
for Global Health and the recipient of a clinical
research fellowship from GlaxoSmithKline.
The author has submitted the ICMJE Form

for Disclosure of Potential Conflicts of Interest.
Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Crump JA, Luby SP, Mintz ED. The global
burden of typhoid fever. Bull World Health
Organ 2004; 82:346–53.

2. MacLennan CA, Levine MM. Invasive non-
typhoidal Salmonella disease in Africa:
current status. Expert Rev Anti Infect Ther
2013; 11:443–6.

3. Giglioli G. Paratyphoid C, an endemic disease
in British Guiana. J Hyg 1929; 29:273–81.

4. Mabey DC, Brown A, Greenwood BM. Plas-
modium falciparum malaria and Salmonella
infections in Gambian children. J Infect Dis
1987; 155:1319–21.

5. Scott JA, Berkley JA, Mwangi I, et al. Rela-
tion between falciparum malaria and bacter-
aemia in Kenyan children: a population-
based, case-control study and a longitudinal
study. Lancet 2011; 378:1316–23.

6. Crump JA, Ramadhani HO, Morrissey AB,
et al. Invasive bacterial and fungal infections
among hospitalized HIV-infected and HIV-
uninfected adults and adolescents in northern
Tanzania. Clin Infect Dis 2011; 52:341–8.

7. Cunnington AJ, de Souza JB, Walther M,
Riley EM. Malaria impairs resistance to Sal-
monella through heme- and heme oxygenase-
dependent dysfunctional granulocyte mobili-
zation. Nat Med 2012; 18:120–7.

8. Roux CM, Butler BP, Chau JY, et al. Both he-
molytic anemia and malaria parasite-specific
factors increase susceptibility to nontyphoi-
dal Salmonella enterica serovar Typhimu-
rium infection in mice. Infect Immun 2010;
78:1520–7.

9. Lokken KL, Mooney JP, Butler BP, et al.
Malaria parasite-induced IL-10 contributes
to non-typhoid Salmonella bacteremia [ab-
stract S1:7]. In: Final program and abstracts
of the 4th ASM Conference on Salmonella:
the bacterium, the host and the environment
(Boston). Washington, DC: American
Society for Microbiology, 1995:17.

10. Tabu C, Breiman RF, Ochieng B, et al. Differ-
ing burden and epidemiology of non-Typhi
Salmonella bacteremia in rural and urban
Kenya, 2006-2009. PLoS One 2012; 7:e31237.

11. Feasey NA, Heyderman RS, Gordon MA.
Salmonella blood-stream infection inMalawi:
a fall in nontyphoidal Salmonella and an out-
break of typhoid [abstract 88]. In: Poster ab-
stracts of the 8th International Conference of
Typhoid Fever and Other Invasive Salmonel-
loses, Dhaka, Bangladesh, 2013:24.

12. MacLennan CA, Gondwe EN, Msefula CL,
et al. The neglected role of antibody in pro-
tection against bacteremia caused by nonty-
phoidal strains of Salmonella in African
children. J Clin Invest 2008; 118:1553–62.

13. Okoro CK, Kingsley RA, Connor TR, et al.
Intracontinental spread of human invasive
Salmonella Typhimurium pathovariants in
sub-Saharan Africa. Nat Genet 2012; 44:
1215–21.

14. Kariuki S, Revathi G, Kiiru J, et al. Typhoid
in Kenya is associated with a dominant
multidrug-resistant Salmonella enterica
serovar Typhi haplotype that is also wide-
spread in Southeast Asia. J Clin Microbiol
2010; 48:2171–6.

650 • CID 2014:58 (1 March) • EDITORIAL COMMENTARY



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


