
ORIGINAL ARTICLES

a

ImJ

PROSTAGLANDIN E 2 IS RAISED IN

KWASHIORKOR

JE Iputo, A M Sammon, G Tmdimwebwa

Objective. Infection is a common occurrence in children with

kwashiorkor. It has been suggested that infection in
kwashiorkor results from immune depression, and that the

immune depression of kwashiorkor is caused by a diet

associated elevation of prostaglandin ~ (PGEZ). The purpose
of this study was to determine whether levels of PGEZ are

abnormal in children with kwashiorkor.

Setting and subjects. Plasma PGEZ and plasma proteins were

measured in children admitted with oedematous

kwashiorkor, and compared with PGEZ in children with

cerebral palsy.

Results. Plasma PGEZ was higher in children with

kwashiorkor than in control children (7.25 ± 3.5 v. 3.51 ± 1.59,

P < o.on. Within the kwashiorkor study group there was a

significant negative correlation between log-transformed

serum PGEZ and total plasma protein (r = - 0.59, P < 0.00l),

plasma albumin (r =- 0.63, P < 0.001), weight-for-age (r =
0.37, P < 0.05), and height-for-age (r = - 0.37, P < 0.05). The

difference in mean values of PGEZ in children with

kwashiorkor who recovered from the illness and those who

died was not significant (7.1 ± 2.6 v. 9.1 ± 4.8, P = 0.36).

Conclusion. Significantly higher PGEZ levels in children with

kwashiorkor provide adequate reason for the depression of
immune function known to occur in these children. Elevated

PGEZ levels may also be implicated in other components of

the illness.

5 AIr Med J 2002; 92: 310-312.

Childhood protein-energy malnutrition (PEM) is a major public

health problem in underdeveloped Third-World communities.

In rural communities in South Africa, up to two-thirds of

children in the under-5 age group are undernourished.' The

most common type of PEM is the underweight-for-age,

comprising more than 80% of all PEM cases. More severe forms

of PEM - marasmus and kwashiorkor - though less

prevalent than the underweight, still present a major clinical
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problem. Patients with a primary diagnosis of PEM occupy up

to 10% of beds in the children's wards in rural South Africa.

Childhood PEM is a social illness associated with poverty,

infection, hunger and deprivation. In Asia and Latin America,

where standards of living have substantially improved over the

last two decades, the incidence of childhood PEM has dropped

significantly. But in Africa where development has at best

stagnated, the incidence of childhood PEM has remained high.

The epidemiological association between PEM and poverty

and deprivation is universally accepted. The pathophysiblogy

of the oedematous variant of childhood PEM, kwashiorkor, is

not clear.

Overwhelming infection is often a terminal event, with a

proportion of severely ill children dying within the first 2

weeks of treatment. At least part of the reason for this is
immune incompetence, a consistent feature of late-stage

disease. It has been suggested that this immune suppression is

mediated by excess prostaglandin ~ (PGE2).2 The fatty acid

content of maize is predominantly linoleic acid, and in maize

meal much of this may be in the unconjugated form, a

precursor of PGE2.' A lack of other fatty acids and of riboflavin

in the diet strongly favour the overproduction of PGEZ, which

is known to be an immune suppressor, principally of cell

mediated immune response. The purpose of this study is to

investigate the relevance of the PGEZ hypothesis in our

environment. This study investigates PGEZlevels in children

admitted to hospital with kwashiorkor, and in controls.

SETTING AND SUBJECTS

The study was carried out in Umtata General Hospital, South

Africa, and was approved by the ethical committee of the

University of Transkei. The stUdy was carried out in August

2000. Children admitted to the nutrition ward with

kwashiorkor were recruited into the study on the day of

admission. The criteria for admission to the ward are such that

only children with morbid protein-energy malnutrition (those

who satisfy the Wellcome Working Party definition for

kwashiorkor, marasmus or marasmic kwashiorkor") are

admitted. The nutritionally normal subjects were selected from

children with cerebral palsy attending the paediatric neurology

clinic at the hospital. They were systematically sampled with a

random start. All clinical details concerning nutritional history,

past illnesses (especially diarrhoea), drug history, weight, and

signs of malnutrition including oedema, hair and skin changes,

were recorded. Children with concurrent illnesses such as

pneumonia, diarrhoea and tuberculosis, or who had these

illnesses within the past week were excluded from the study.

Children who had used non-st~pidalanti-inflammatory agents

in the past month were excluded from the study. Informed

consent was obtained from the parents or guardians of the

children.



ORIGINAL ARTICLES

DISCUSSION

Table 1. Anthropometric and biochemical nutritional parameters,
and plasma PGE2levels in kwashiorkor and normal subjects
(means ± standard deviation)

difference between the mean values of PGE2 for the children

with kwashiorkor who recovered from the illness and those
who died (7.1 ± 2.6 v. 9.1 ± 4.8, P = 0.36).

Normal or control levels for PGE2 assayed using this method

have been reported as 4.5 ± 1: which compares well with the

normal levels found here. Potentially great variations in

'normal' levels of prostaglandin in plasma' reinforce the need

for controls whose plasma samples are analysed using exactly

the same method used in the cases.

PGE2 levels in the kwashiorkor group were more than twice

control levels and were significantly associated with the degree

of undernutrition as measured by serum albumin, weight-for

age and height-for-age. This is the expected result based on the

hypothesis described in the introduction, namely that diet

causes excess PGE2 production. High PGE2 levels can produce

a profound alteration in cell-mediated immune response" and

this has been found in children with kwashiorkor!·'· PGE2

exerts its influence at the priming.of the naIve T celI,B causing a

depression in the number of Th1 cells. A profound depression

in cellular immunity is the usual finding in children with late

stage kwashiorkor." While reduction in the plasma PGE2 may

be quickly achieved by dietary means, it will necessarily take a

significant time to restock with active Thl cells, and during this

period of perhaps 7 - 10 days the child will continue to be

predisposed to life-threatening infections.

Kwashiorkor presents similarly in different regions where

individual vitamin and other deficiencies vary. This suggests

the possibility of a final common pathway of aetiology of the

kwashiorkor syndrome. Linoleic acid and/or PGE2 have

associations not only with immune polarisation, but also with

<0.01

NS
NS

5
<0.05

NS
<0.01
< 0.001

5
< 0.001

P-Ievel

3.51 ± 1.59

11
14.3 ± 102
9.9 ± 3.8

73.9 ± 10.4
1.20 ± 0.31
1.03 ± 0.05
62.3 ± 6.3
34.6 ± 5.4
26.7 ± 8.1
0.80 ± 0.32

7.25 ±3.5

21
15.6 ± 9.1

7.9 ± 2.3
71.3 ± 8.1
0.87± 0.19

0.95 ± 0.07
48.5 ± 13.4
16.8 ±52
31.7 ± 10.4

2.0 ± 0.7

Kwashiorkor Well nourished

NS - not significant

Sample size
Age (months)
Weight (kg)
Height (cm)

Weight for age
Heighdor age
Total protein
Albumin
Globulin
Albumin/globulin
ratio
PGE2

RESULTS

A total of 32 subjects were studied - 21 children with

kwashiorkor and 11 well-nourished children. The anthro

pometric and biochemical nutritional parameters of the

subjects are shown in Table 1.

Plasma PGE2 was higher in the children with kwashiorkor

than in the control children (7.25 ± 3.5 v. 3.51 ± 1.59, P < 0.0l).

Within the kwashiorkor study group there was a significant

negative correlation between log-transformed serum PGE2 and

total plasma protein (r = - 0.59, P < 0.001), plasma albumin (r =

- 0.63, P <0.001), weight-for-age (r =- 0.37, P < 0.05), and

height-for-age (r =- 0.37, P = < 0.05). There was no significant

Subjects were weighed using the Camden Medical Supplies
hanging balance (Cambridge, Mass.), which measures in grams

and has a known error of 100 g. Weight was expressed as a

percentage of the expected weight-for-age and sex, based on

the National Centre for Health Statistics (NCHS) standards,

with the standard weight being equal to the tenth percentile
NCHS value.'

Blood samples from each subject were collected in tubes

containing EDTA. This was done at the time of recruitment into

the study - for hospitalised patients this meant the first day of

admission. The blood was centrifuged immediately after

collection. The plasma was rapidly frozen to - 30°C. Analysis

of the plasma samples was carried out within 6 days of sample

collection. Plasma protein and plasma albumin were

determined, in duplicate, using standard autoInated

procedures. The inter-assay variation was less than 1% for both

plasma protein and plasma albumin assays.

PGE2 was measured, in duplicate, using the Amersham

Biotrak PGE2 radio-immunoassay system (Amersham

Biosciences, Freiburg, Germany) with magnetic separation. The

assay is based on the conversion of PGE2 to the methyl

oximate derivative by methoxyamine hydrochloride. The assay

then utilises the competition between unlabelled methyl

oximated PGE2 and a fixed quantity of ".>1_ labelled PGE2. The

sensitivity of the assay, defined as the amount of PGE2 needed

to reduce the zero-dose binding by two standard deviations, is

1.0 pg/m!. The coefficient of variation between duplicate

sample values was 4.2%.

The anthropometric and biochemical nutritional variables

did not follow a normal distribution pattern. The log

transformed PGE2 values followed a normal distribution

pattern. The Mann-Whitney U-test was used to test the mean

differences of the log-transformed PGE2 between the

kwashiorkor and well-nourished subjects. Interrelationships

between PGE2 and the anthropometric and biochemical

nutritional variables were examined using Spearman rank

correlation coefficients. Statistical analysis was carried out

using the Statistical Analysis System (SAS).
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diarrhoea, oedema, depression of affect,13 and it is possible that

the pathogenesis begins with dietary deficiencies that cause

PGE2 overproduction. Excess PGE2 in turn could contribute to

the pathologies of kwashiorkor.

Williams14 first described this condition in 1935, and the

mainstay of her treatment was cod liver oil. This contains much

omega-3 fatty acid, which reduces PGE2 production.15 Dietary

improvement will restore a normal immune balance as PGE2
levels return to normal.

References

I- Iputo lE, Tmdimwebwa G. Morbid PEM as seen in Umtata General Hospital. Transkei Mediall
Quarterly 1992; 4 m, 37 -44.

2. Sammon AM. Dietary linoleic acid.. immune inhibition and disease. Postgrad Med / 1999,75:
129-132.

3. Sammon A.Nf. Maize meal, non-esterified linoleic acid, and endemic cancer of the esophagus
- preliminary findings. Praslaglandins Other lipid Medial 1999, 57, 167-171.

4. Wellcome Trust Working Party. Oassification of infantile malnutrition. LDncet 1970; 2.: 302
303.

5. National Centre for Health Statistics. Growth Curves from Birth 10 18 years (PMF 78-1650).
Washington, OC: US Department of Health, Education and Welfare Publications, 1977.

6. Dray E Charbonnel B, Maclouf J. Radioimmunoassay of prostaglandins Falpha, El and E2 in
human plasma. Eur JClin Invesll975; 5,311-318.

7. Morris HA,Sh~ NA, Shepperdson Fr. Variables associated with radioimmunoassay of
proslaglandins in plasma. Prasloglandins 1981; 2J, m-788.

8. Gold KN, Weyand CM, Goronzy D. Modulation of helper T cell function by prostaglandins.
Arthritis Rheum 1994; 37, 925-933.

9. Ziegler HD. Depression of tuberculin reaction in mild and moderate protein-ealorie
malnourished children following BCG vaccination. /ohns-Hapldns Medicalloumall975; 137(2):
S9-64.

10. Purtilo DT, Connor OH. Fatal infections in protein-ealorie malnourished child.ren 'with
thymolymphatic atrophy. Arch Dis Child 1975; 500 149-152-

11. Demeure CE, Yang LP, Desjardins C, Raynauld P. De1espesse G. Prostaglandin E2 primes
nai've T cells for the production of anti-inflammatory cytokines. Eur J Immunoll997; 27: 3526
3531-

12. Chowdhury FA, Miah RA, Begum M, Rahman KM. The transformation in vitro of peripheral
lymphocytes of malnourished children. Bangladesh Mediall Research Council Bulletin 1993; 190
67-70.

13. Ueb J. Karmali R. Horrobin D. Elevated levels of prostaglandin E2 and thromboxane 52 in
depression. Prostaglandins Leukotrienes and Medicine 1983; 10: 361-367.

14. Williams C. A nutritional disease of childhood associated with a maize diet. Lancet 1935;
2: 1151.

15. Fischer MA, Black HS. Mcxiification of membrane composition, eicosanoid metabolism, and
immunoresponsiveness by dietary omega-3 and omega~ fatty add sowces, mcxiuIators of
uftraviolet<arcinogenesis. Pholochem PholobWll991; 54, 381-387.

Accepled 8 December 2001.

April 2002, Vo!. 92, No. 4 SAMJ

HARRISON's
Principles of
Internal Medicine 15/e
Eugene Braunwald, Anthony Fauci, Dennis Kasper,
Stephen Hauser, Oan Longo, J. Jameson
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revised, the new 15th edition of HARRISON's Principles
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references. Featuring over 90 completely new chapters, 
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record of internal medicine as practised by the leading
experts in the field. And it gives you the one comprehen
sive database that covers the full spectrum of issues you
need to know: basic science, pathophysiology, presenting
clinical signs, diagnosis, and the latest treatment
guidelines.
• Expanded treatment with more algorithms and

diagnostic decision trees
• A detailed chapter on Alternative Medicine
• New chapter on Late Problems in Patients with

Cancer
• New guidelines on Adolescent Health Care
• New color atlas of malaria-infected red blood cells
• New chapter on Infertility and Fertility Control
• A new feature, Genetic Considerations, describes

how new advances affect patient care
• Clinical Guidelines now added throughout, provide

evidence-based treatment strategies
• The latest in Gene Therapy with a new chapter on

Screening, Prevention, and Counseling for Genetic
Disorders

• Neurobiology of Disease highlights numerous
advances made dUring "The Disease of the Brain"

• Late-breaking treatment information on multiple
sclerosis, Parkinson's disease, Alzheimer's and more.
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