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A Commentary on mechanisms of kwashiorkor-associated immune
suppression: Insights from human, mouse, and pig studies. By Michael
H, Amimo JO, Rajashekara G, Saif LJ and Vlasova AN (2022). Front.
Immunol. 13:826268. doi: https://doi.org/10.3389/fimmu.
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Introduction

Derangement in functional immunity is a characteristic of children with severe

malnutrition (SM). Deaths among children with SM are principally from infections, and

understanding their pathophysiology to develop effective treatment strategies is essential

to improving outcomes. Several reviews have discussed the state of knowledge of SM

immunology (1–3). However, differences in immune function between kwashiorkor and

wasting have not been adequately documented.
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We were delighted to see a review of kwashiorkor-associated

immune suppression, as there are very few reports that have

studied kwashiorkor-specific immunological changes, especially

in clinical settings. However, we believe that the review of

Michael et al. (4) on kwashiorkor-associated immune function

contains several oversimplifications and extrapolations of results

given the recognized heterogeneity and power limitations of

existing immunological assessments in SM (5). We believe that

clarity in reporting results from clinical studies (also highlighted

by literature reviews cited by Michael et al.) and in how they

compare to experimental models is essential to add value to the

wider field of malnutrition-related immunology. Therefore,

while we applaud the authors for their work, we are concerned

about several aspects of their recent review for reasons we

discussed in this commentary.
Discussion

Firstly, the idea that reduced protein intake leads to

hypoalbuminemia, which decreases oncotic pressur leading to

edema in kwashiorkor, is widely believed, but this is an

oversimplification which is not supported by strong evidence.

In a recent study, we found that hypoalbuminemia is associated

but alone was insufficient to explain edema in kwashiorkor (6).

Other factors apart from hypoalbuminemia and low protein

intake must develop kwashiorkor (7), such as extracellular

matrix (ECM) degradation and lymphatic damage (6).

Moreover, it was previously shown that edema in children

with kwashiorkor resolved even when they were treated with a

protein-deficient diet (8), and despite a small increase in serum

albumin concentration among children whose oedema resolved

or improved, serum albumin concentrations remained far below

clinically recognized norms in children (6, 9). It is important to

emphasize that oversimplification of kwashiorkor etiology

(presented in the review text and Figure 2 but unsupported by

empirical evidence) can result in ineffective treatment strategies.

Secondly, some of the immune function effects stated in the

review are not borne out by the cited references. It is tempting to

suggest that kwashiorkor is characterized by a “profound

impaired immune function,” as the authors claim. For

instance, diseases with heightened inflammation are associated

with ECM degradation, and the degradation of the ECM is

linked to immune function (10). However, the papers cited did

not study kwashiorkor specifically. For instance, the paper by

Hughes et al. (11) involved both wasting and kwashiorkor. Half

of these children also had HIV, and most likely had other

infections, which resulted in their hospital admission. The

analysis by Hughes et al. was controlled for edema; thus, no

kwashiorkor-specific estimates were presented in the paper. The

table given below lists statements about kwashiorkor-associated

immunological characteristics in the review by Michael et al. that

are not supported by the cited references.
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Evaluation of claims regarding kwashiorkor-associated

immunological changes.

Claim Reference
cited

What the referenced
study
did or observed

“Zambian children with kwashiorkor had
normal numbers of white blood cells
(WBCs), however, although the numbers
of monocyte-derived DCs were reduced in
their peripheral blood. The kwashiorkor-
induced impairments were rescued
following intervention using a protein-
sufficient diet”

(11) Study involved children
with severe malnutrition,
but no kwashiorkor-
specific estimates were
presented in the paper.
N = 57 kwashiorkor; 24
marasmus; and 39 had
HIV

“Fas (CD95/apoptosis antigen 1), a gene
that signals to initiate apoptosis, is highly
expressed in neutrophils, monocytes, and
lymphocytes in kwashiorkor children
indicative of impaired regulation of
immunity and lymphoid homeostasis”
“this study showed that the expression of
this marker was reduced following feeding
a protein-sufficient diet, suggesting that
the life cycle of WBCs is limited in
kwashiorkor conditions”

(12) CD95 expression of
neutrophil and
lymphocyte was found
higher in kwashiorkor
than healthy controls
without differences in
monocyte CD95 gene
expression.
Neither apoptosis nor
life-span of the cell types
were assessed to support
claims for differential
‘life cycle of WBC’ by
SM nor kwashiorkor
specifically.
There were no
differences in CD95
expression in
neutrophils, lymphocytes
and monocytes between
kwashiorkor and
marasmus. This indicates
that CD95 gene
expression is generally
affected by malnutrition,
not specifically to
kwashiorkor.

“Children with kwashiorkor and/or
respiratory/gastrointestinal infections had
increased apoptotic T cells, increased Fas
(CD95) expression, and reduced levels of
IL-7/IL-7 Ra and expressed inhibitory
receptor-programmed death (PD-1)
expression on T cells”

(13) The study included
children with severe
malnutrition, but no
kwashiorkor-specific
estimates were presented
in the paper. N = 10
kwashiorkor; 19
marasmus

“Decreased numbers of B lymphocytes in
kwashiorkor children with
gastrointestinal or respiratory infections
compared with well-nourished children
having similar infections”

(14) The study involved
children with severe
malnutrition, but no
kwashiorkor-specific
estimates were presented
in the paper. N = 3
kwashiorkor; 7
marasmus

“increased risk of Gram-negative
bacteriemia in hospitalized kwashiorkor
children”

(15) Our study involved all
children under the age of
13 years who were
admitted to a hospital.
No kwashiorkor-specific

(Continued)
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estimates were presented
in the paper.

“Studies from Bangladeshi children
revealed that the kwashiorkor-associated
faecal microbiota was significantly less
diverse (immature) compared with that of
age-matched healthy children. However,
this condition was reversible, and the
microbiome composition has been
restored to the diverse (mature)
phenotype when these kwashiorkor
children were given RUTF and treated
with antibiotics”

(16) Study involved children
with severe malnutrition,
but no kwashiorkor-
specific estimates were
presented in the paper.

“Kwashiorkor children (6 to 59 months
old) were treated for 7 days with cefdinir,
amoxicillin, or placebo in combination
with RUTF, showed that children that
received RUTF and antibiotics had
accelerated weight gain, decreased
mortality rates, and increased recovery
rates than those who received placebo”

(17) Study involved children
with severe malnutrition,
but no kwashiorkor-
specific estimates were
presented in the paper.

“Clinical studies in children have revealed
a relationship between lower
seroconversion rates associated with oral
vaccines and kwashiorkor”

(18, 19) The cited studies
involved patients with
inflammatory bowel
disease. No kwashiorkor
patients were involved in
the cited studies.
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The review also contains a section about micronutrient

deficiencies specific to kwashiorkor. However, none of the

micronutrient literature presented is specific to kwashiorkor,

much less to wasting. Furthermore, the review highlighted the

impact of kwashiorkor on infection and vaccination in the

gnotobiotic piglet model, which may not be translational to

human kwashiorkor, as discussed below. More clinical evidence

in humans is needed.

The authors use the evidence they gathered in this review to

justify gnotobiotic pigs as better models of kwashiorkor than

mouse models because the pig models replicate the immune

function found in human kwashiorkor better than mice.

However, as above, there is no strong evidence for kwashiorkor-

specific immune changes. Unlike in animal models, the clinical

heterogeneity inherent to SM renders many existing studies

underpowered or unable to distinguish from acute infection to

draw conclusions on immune function in human SM per se, let

alone in kwashiorkor specifically. We agree that pig models may

offer a valuable opportunity for immunological studies (2), but

disagree that there is sufficient evidence to use immunological

effects to validate these models.

Finally, we agree with the authors that the mouse models of

kwashiorkor, which have attracted the most citations, lack face

validity (2). Most importantly, the mouse model proposed by

Smith et al. (20) did not develop edema, which is

pathognomonic of kwashiorkor. In contrast, the pig model of

the authors developed generalized edema, which is more

indicative of kwashiorkor. Upon reviewing the pig model

development, we noticed that the phenotype appeared when

nursing piglets were fed with Parmalat (bovine whole milk
03
containing 3.3% protein, 3.3% fat, and 5% carbohydrates)

mixed with sterile water (50:50 v/v), resulting in 50% less

protein (21). Control pigs were fed 100% Parmalat. This

model raises two questions. First, the malnourished pigs

received 50% less of all constituent macronutrients rather than

reduced protein alone, making it difficult to conclude that the

phenotype observed is solely due to protein deficiency. Second,

kwashiorkor in children peaks at around 2 years of age, often

after weaning. The neonatal gnotobiotic pigs were fed a diet

deficient in macronutrients before 4 days of age. Thus, these

porcine models may have different intestinal development than

children with kwashiorkor, and the cause of the edema may

relate to immature intestinal development or other causes. Other

non-kwashiorkor pathologies in children with edema have been

described by Golden (7).

In summary, the review highlighted interesting immune

features in children with severe malnutrition but did not

specifically describe the immune function in kwashiorkor.

Hence, the reported similarities between the immune function

of children with kwashiorkor and gnotobiotic pig models cannot

be used to establish the face validity of the porcine model.

Kwashiorkor-specific studies on immune function are still

lacking, providing an opportunity for further translational

research. Rather than viewing experimental models as the

“only alternative to clinical studies,” we regard insights from

clinical and translational immunology studies as essential to

achieve the goal of the authors of carefully selecting appropriate,

evidence-based mechanistic and pre-clinical models that can

support therapeutic interventions for SM.
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14. Nájera O, González C, Toledo G, López L, Ortiz R. Flow cytometry study of
lymphocyte subsets in malnourished and well-nourished children with bacterial
infections. Clin Diagn Lab Immunol (2004) 11:577–80. doi: 10.1128/
CDLI.11.3.577-580.2004

15. Berkley JA, Lowe BS, Mwangi I, Williams T, Bauni E, Mwarumba S, et al.
Bacteremia among children admitted to a rural hospital in Kenya. N Engl J Med
(2005) 352:39–47. doi: 10.1056/NEJMoa040275

16. Subramanian S, Huq S, Yatsunenko T, Haque R, Mahfuz M, AlamMA, et al.
Persistent gut microbiota immaturity in malnourished Bangladeshi children.
Nature (2014) 510:417. doi: 10.1038/nature13421

17. Trehan I, Goldbach HS, LaGrone LN, Meuli GJ, Wang RJ, Maleta KM, et al.
Antibiotics as part of the management of severe acute malnutrition. N Engl J Med
(2013) 368:(5):425–35. doi: 10.1056/NEJMoa1202851

18. Hamilton AL, Kamm MA, Ng SC, Morrison M. Proteus Spp. as putative
gastrointestinal pathogens. Clin Microbiol Rev (2018) 31(3):e00085–17. doi:
10.1128/CMR.00085-17

19. Presley LL, Ye J, Li X, Leblanc J, Zhang Z, Ruegger PM, et al. Host-microbe
relationships in inflammatory bowel disease detected by bacterial and
metaproteomic analysis of the mucosal-luminal interface. Inflamm Bowel Dis
(2012) 18:409–17. doi: 10.1002/ibd.21793

20. Smith MI, Yatsunenko T, Manary MJ, Trehan I, Mkakosya R, Cheng J, et al.
Gut microbiomes of Malawian twin pairs discordant for kwashiorkor. Science
(2013) 339:548–54. doi: 10.1126/science.1229000

21. Vlasova AN, Paim FC, Kandasamy S, Alhamo MA, Fischer DD, Langel SN,
et al. Protein malnutrition modifies innate immunity and gene expression by
intestinal epithelial cells and human rotavirus infection in neonatal gnotobiotic
pigs. mSphere (2017) 2:e00046–17. doi: 10.1128/mSphere.00046-17
frontiersin.org

https://doi.org/10.1016/j.it.2016.04.003
https://doi.org/10.1016/j.it.2016.04.003
https://doi.org/10.3389/fimmu.2019.01728
https://doi.org/10.1371/journal.pone.0105017
https://doi.org/10.3389/fimmu.2022.826268
https://doi.org/10.3389/fimmu.2022.826268
https://doi.org/10.1128/CMR.00119-16
https://doi.org/10.1016/j.ebiom.2022.103991
https://doi.org/10.1016/j.ebiom.2022.103991
https://doi.org/10.1179/2046905515Y.0000000010
https://doi.org/10.1016/S0140-6736(82)92839-2
https://doi.org/10.1016/S0140-6736(80)90603-0
https://doi.org/10.1111/imm.12972
https://doi.org/10.4049/jimmunol.0803518
https://doi.org/10.26719/2009.15.3.574
https://doi.org/10.26719/2009.15.3.574
https://doi.org/10.1016/j.imbio.2010.07.007
https://doi.org/10.1128/CDLI.11.3.577-580.2004
https://doi.org/10.1128/CDLI.11.3.577-580.2004
https://doi.org/10.1056/NEJMoa040275
https://doi.org/10.1038/nature13421
https://doi.org/10.1056/NEJMoa1202851
https://doi.org/10.1128/CMR.00085-17
https://doi.org/10.1002/ibd.21793
https://doi.org/10.1126/science.1229000
https://doi.org/10.1128/mSphere.00046-17
https://doi.org/10.3389/fimmu.2022.959465
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Commentary: Mechanisms of kwashiorkor-associated immune suppression: Insights from human, mouse, and pig studies
	Introduction
	Discussion
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


