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Hospitalized children under 5 years of age in malaria-
endemic African countries have high rates of in-hospital
mortality, ranging from 2–10%.1,2 Recent studies have
shown that hospitalized children with severe anemia, much
of which is attributable to malaria, also have high mortality in
the post-discharge period.3,4 The study by Kwambai et al. in
this AJTMH issue adds substantially to this body of knowl-
edge by evaluating in-hospital and 6-month post-discharge
mortality in all children under 5 years of age admitted to
Siaya District Hospital, Kenya.5 The authors showed that, in
this population, the 6-month post-discharge mortality (6.2%)
was substantially higher than in-hospital mortality (2.8%),
and that post-discharge mortality was particularly high in
children with severe acute malnutrition (SAM, 21.6%) and
severe anemia (15.5%).5

The study findings on post-discharge mortality were strik-
ingly similar to those of two recently published studies. The
first study, a multi-center evaluation of post-discharge mortal-
ity in Ugandan children ,5 years of age with suspected sep-
sis, showed 6-month post-discharge mortality of 5.5%.6 The
second study, in the Childhood Acute Illness and Nutrition
(CHAIN) cohort, involving children aged 2–23 months admitted
with acute illness to one of nine hospitals in Africa or Southeast
Asia, showed 6–month post-discharge mortality of 5.8%.7 In
both studies, SAM was strongly associated with increased
post-discharge mortality (4.7-fold and 4.4-fold in the Ugandan
and CHAIN studies, respectively), and in the Ugandan study,
severe anemia was associated with a 2.7-fold increase in mor-
tality. Other risk factors for post-discharge mortality varied
across studies, but the findings from the study by Kwambai
et al. add to a growing body of evidence showing that the
costs and consequences of SAM and severe anemia in chil-
dren ,5 years of age in low-income countries extend well
beyond the period of hospitalization. All three studies showed
that most post-discharge deaths occur within the first 2
months of discharge, identifying this period as a time for close
follow-up of recently hospitalized children. Together, the data
from the 3 studies are a call to action to identify children at
highest risk of death after hospitalization and to develop inter-
ventions to prevent post-discharge deaths.
In the study by Kwambai et al.,5 .95% of post-discharge

deaths occurred in the community, so accurate diagnosis of
causes of death was not possible. However, a prior study
from this group found that, in children with severe anemia
living in areas of moderate to high malaria transmission,
post-discharge malaria chemoprevention decreased risk of
death or readmission by 35% over the 6-month post-

discharge period,8 leading to a World Health Organization
recommendation that hospitalized children with severe ane-
mia in areas of moderate to high malaria transmission receive
post-discharge malaria chemoprevention.9 Implementation
of this recommendation should contribute to a reduction in
post-discharge mortality in areas of moderate to high malaria
transmission, but a further understanding of the causes of
death after discharge in areas across the malaria transmis-
sion spectrum, particularly in children with SAM, is needed to
develop additional interventions.
The current study by Kwambai et al.5 serves to emphasize

that SAM and severe anemia consistently predict greater
risk of post-discharge death in malaria endemic African
countries. In all three of the studies discussed above, stan-
dard treatment measures for SAM were followed. Thus, the
findings emphasize the need for evaluation of additional
areas for intervention, including those directed toward care-
giver wellness and employment, which were associated with
post-discharge mortality in the CHAIN study.7 For all pre-
disposing illnesses, close follow-up, particularly in the first
month post-discharge; evaluation of access to care, includ-
ing potentially alerting local community health workers to the
need for regular check-ins on the child; and clear instruc-
tions to care providers on warning signs or symptoms that
indicate a need for urgent post-discharge medical evaluation
are likely part of the solution, but multiple interventions need
to be tested to see which are most effective and scalable.
Interestingly, the studies from Kwambai et al. in Kenya5 and

Wiens et al. in Uganda6 both found that children with a diag-
nosis of malaria had a decreased risk of post-discharge mor-
tality as compared to children without malaria. Another recent
study showed that children with severe malaria had an
increased risk of readmission or death as compared to com-
munity children in the same area over the same time period,10

so the lower risk of post-discharge mortality in children with
malaria in the studies from Kwambai and Wiens likely reflects
the high frequency of malaria as an admitting diagnosis, the
admission of some childrenwith non-severemalaria, andwors-
ened outcomes whenmalaria is present with co-morbid condi-
tions rather than as the sole diagnosis. Given the demonstrated
efficacy of post-discharge malaria chemoprevention for chil-
dren with severe anemia,4,8 it seems likely that malaria is play-
ing a key role in post-discharge deaths of children with severe
anemia in malaria-endemic areas. However, the three studies
described above provide strong evidence that SAM is likely the
greatest risk factor for post-discharge mortality in hospitalized
children in low-income countries and that addressing the mor-
tality risk will require nutrition- and family-focused interventions
beyond post-dischargemalaria chemoprevention.
Ultimately, if we are to achieve WHO Sustainable Develop-

ment Goal Target 3.2 to “end preventable deaths of newborns
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and children under 5 years of age”,11 additional research on
causes of deathpost-discharge, and consequent development
of additional post-discharge interventions, is urgently needed.

Received August 8, 2023. Accepted for publication August 8, 2023.

Published online August 28, 2023.

Authors’ addresses: Chandy C. John, Ryan White Center for Pediat-
ric Infectious Diseases and Global Health, Department of Pediatrics,
Indiana University School of Medicine, Indianapolis, IN. Email:
chjohn@iu.edu. Davidson H. Hamer, Department of Global Health,
Boston University School of Public Health, Boston, MA; Section of
Infectious Diseases, Department of Medicine, Boston University
Chobanian & Avedisian School of Medicine, Boston, MA. Email:
dhamer@bu.edu.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits
unrestricted use, distribution, and reproduction in any medium, pro-
vided the original author and source are credited.

REFERENCES

1. Agnandji ST et al., 2023. Prostration and the prognosis of death
in African children with severe malaria. Int J Infect Dis 134:
240–247.

2. Namazzi R, Opoka R, Datta D, Bangirana P, Batte A, Berrens Z,
Goings MJ, Schwaderer AL, Conroy AL, John CC, 2022.
Acute kidney injury interacts with coma, acidosis, and im-
paired perfusion to significantly increase risk of death in chil-
dren with severe malaria. Clin Infect Dis 75: 1511–1519.

3. Kwambai TK, Mori AT, Nevitt S, van Eijk AM, Samuels AM,
Robberstad B, Phiri KS, Ter Kuile F, 2022. Post-discharge
morbidity and mortality in children admitted with severe anae-
mia and other health conditions in malaria-endemic settings in

Africa: a systematic review and meta-analysis. Lancet Child
Adolesc Health 6: 474–483.

4. Phiri K, Esan M, van Hensbroek MB, Khairallah C, Faragher B,
ter Kuile FO, 2012. Intermittent preventive therapy for malaria
with monthly artemether-lumefantrine for the post-discharge
management of severe anaemia in children aged 4-59 months
in southern Malawi: a multicentre, randomised, placebo-
controlled trial. Lancet Infect Dis 12: 191–200.

5. Kwambai TK et al., 2023. Post-discharge risk of mortality in chil-
dren under five years of age in Western Kenya: a retrospective
cohort study. Am J Trop Med Hyg. 109: 704–712.

6. Wiens MO et al., 2023. Mortality after hospital discharge among
children younger than 5 years admitted with suspected sepsis
in Uganda: a prospective, multisite, observational cohort
study. Lancet Child Adolesc Health 7: 555–566.

7. Childhood Acute Illness and Nutrition (CHAIN) Network, 2022.
Childhood mortality during and after acute illness in Africa and
south Asia: a prospective cohort study. Lancet Glob Health
10: e673–e684.

8. Kwambai TK et al., 2020. Malaria chemoprevention in the post-
discharge management of severe anemia. N Engl J Med 383:
2242–2254.

9. World Health Organization, 2022. Updated WHO Recommenda-
tions for Malaria Chemoprevention among Children and
PregnantWomen. Available at: https://www.who.int/news/item/
03-06-2022-Updated-WHO-recommendations-for-malaria-chem
oprevention-among-children-and-pregnant-women. Accessed
August 4, 2023.

10. Opoka RO, Hamre KES, Brand N, Bangirana P, Idro R, John CC,
2017. High postdischarge morbidity in Ugandan children with
severe malarial anemia or cerebral malaria. J Pediatric Infect
Dis Soc. 6: e41–e48.

11. World Health Organization, 2023. SDG Target 3.2: End Prevent-
able Deaths of Newborns and Children under 5 Years of Age.
Available at: https://www.who.int/data/gho/data/themes/topics/
sdg-target-3_2-newborn-and-child-mortality. Accessed August
4, 2023.

JOHN AND HAMER496



<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 300
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /FlateEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /Warning
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects false
	/DownsampleMonoImages false
	/PassThroughJPEGImages true
	/ColorSettingsFile (Color Management Off)
	/AutoRotatePages /None
	/Optimize false
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /Warning
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues true
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1000
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth 8
	/OtherNamespaces [
		<<
			/IncludeSlug false
			/CropImagesToFrames true
			/IncludeNonPrinting false
			/OmitPlacedBitmaps false
			/AsReaderSpreads false
			/Namespace [
				(Adobe)
				(InDesign)
				(4.0)
			]
			/FlattenerIgnoreSpreadOverrides false
			/OmitPlacedEPS false
			/OmitPlacedPDF false
			/SimulateOverprint /Legacy
			/IncludeGuidesGrids false
			/ErrorControl /WarnAndContinue
		>>
		<<
			/IncludeProfiles false
			/AddBleedMarks false
			/ConvertColors /ConvertToCMYK
			/IncludeLayers false
			/FormElements false
			/FlattenerPreset <<
				/PresetSelector /MediumResolution
			>>
			/IncludeInteractive false
			/AddColorBars false
			/DestinationProfileSelector /DocumentCMYK
			/MultimediaHandling /UseObjectSettings
			/UseDocumentBleed false
			/AddCropMarks false
			/PreserveEditing true
			/PDFXOutputIntentProfileSelector /DocumentCMYK
			/DestinationProfileName ()
			/UntaggedRGBHandling /UseDocumentProfile
			/GenerateStructure false
			/AddRegMarks false
			/Namespace [
				(Adobe)
				(CreativeSuite)
				(2.0)
			]
			/Downsample16BitImages true
			/IncludeHyperlinks false
			/IncludeBookmarks false
			/AddPageInfo false
			/UntaggedCMYKHandling /LeaveUntagged
		>>
	]
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 300
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages false
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages false
	/ASCII85EncodePages false
	/PreserveEPSInfo true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 1200
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Error
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile (None)
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Average
	/EmitDSCWarnings true
	/Namespace [
		(Adobe)
		(Common)
		(1.0)
	]
	/AutoFilterColorImages false
	/DownsampleGrayImages false
	/GrayImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /Warning
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/ColorImageDepth 8
	/DetectCurves 0.0
	/PDFXTrapped /False
	/ColorImageFilter /FlateEncode
	/TransferFunctionInfo /Remove
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage false
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (DJS standard print-production joboptions; for use with Adobe Distiller v7.x; djs rev. 1.0)
		/PTB <>
		/FRA <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA <>
		/DAN <>
		/JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts false
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		792.0
		1224.0
	]
	/HWResolution [
		2400
		2400
	]
>>
setpagedevice


