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EXECUTIVE SUMMARY

The World Hedth Organization (WHO), together with
international experts, has developed two manuas for the
management of severe malnutrition. These are Management of
severe malnutrition: a manual for physicians and other senior
health workers (WHO, 1999), and its abbreviated form in chapter
7 of Integrated Management of Childhood Illnesses (IMCI)
Management of the child with a serious infection or severe
malnutrition: guidelines for care at the first-referral level in
developing countries (WHO, 2000). The more recent of these two
manuals was sent to 83 peer reviewers in 1998. There was
consensus that the guidelines were technically correct.

These sets of guidelines are for doctors, senior nurses and other
senior health professionals responsible for the care of young
children in hospitals at the first-referral level in developing
countries. A guiding principle in their development was that they
should be able to be implemented with basic resources and limited
staff. The am of the guidelines on malnutrition is to improve
case-management so that the high case-fatality rates that occur in
many hospitals are substantially reduced. Evidence is accruing to
indicate that thisis an achievable goal.

Objectives
The objectives of the Consultation that took place in Geneva from
6 — 7 September 2004 were to:
1. critically review new evidence in relation to the current
WHO guidelines,
2. consider if changes to the guidelines may be required as a
result of the new evidence;
3. consider if the guidelines for infants aged < 6 months
should be modified;
4. assess the guidelines in relation to care of severely
malnourished children with Human Immunodeficiency
Virug/Acquired Immunodeficiency Syndrome (HIV/AIDS)
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or children of unknown status in areas where there is a
high prevalence of HIV; and

5. identify a research agenda for inpatient care of severely
mal nourished children.

Knowledge reaffirmed by the Consultation

e that the underlying conceptual framework to the WHO
guidelinesisrobust and critical to a successful outcome;

e that this structured approach to care involves 10 steps in
two phases and takes into account the profound
physiological changes that occur in children with severe
malnutrition;

e that, given a minima health infrastructure, effective
implementation can be achieved when the available staff
are trained and supported to follow the guidelines and
make the best use of limited resources;

e that implementation leads to improved case-management
and fewer desths; and

e that there is an urgent need to train and support hospital
staff and other relevant health professionals to implement
the WHO guidelines.

Critical review of new evidence

The Consultation identified only limited peer-reviewed new
research for the period under review (1998-2004), in which
severely malnourished children had been studied. During this
period, however, substantial advances in knowledge about
HIV/AIDS have occurred, and there is now increased opportunity
for HIV-testing and antiretrovira therapy. These changes will
have programmatic implications for the care of severely
malnourished HIV-infected children in the future.

No new research was identified pertaining to the optimum dietary
management of severely malnourished infants aged < 6 months.
The evidence base for defining the most advantageous
formulations for feeding this age group remains weak.



Programmatic changes identified
For severely malnourished HIV-positive children:

staphylococcal and Gram-negative cover (e.g. ampicillin
and gentamicin) is essential for severe pneumonia as HIV-
positive children have a wide range of pathogens. For
pneumonia with severe hypoxia, Pneumocystis pneumonia
should be considered and high-dose cotrimoxazole added
to the treatment regimen (see section 3.4.1.2);

children aged < 15 months who test positive for HIV
antibodies by the enzyme-linked immunosorbent assay
(ELISA) but whose HIV status has not been confirmed, or
have not been tested, but are known to have been exposed
to HIV infection, should receive prophylactic
cotrimoxazole from the time of admission and throughout
their hospital stay to reduce the risk of contracting
Pneumocystis pneumonia and other infections. They
should continue to receive prophylactic cotrimoxazole
after discharge until their infective state is either
confirmed or excluded (e.g. by re-testing by ELISA at age
> 15 months). For children who are known to be infected
with HIV, prophylactic cotrimoxazole should be continued
indefinitely (see section 3.4.1.2); and

children who are repeatedly admitted for advanced disease
should not receive the high dose of vitamin A on day 1 of
every repeat admission. They should receive it only if
there has been an interval of at least 4 months since they
received the last high dose (see section 3.4.2).

Facilitating implementation
The following measures should be noted for the facilitation of
implementation:

Provision of potassum is vita for all severely
malnourished children, but in some areas it may be
difficult to obtain potassium chloride or the combined
mineral—vitamin mix (CMV). In such areas, slow-release
potassium tablets, which are widely available, may be
substituted (see section 3.5).



e Changes have been made to the recipe for preparing low
sodium oral rehydration solution for malnutrition
(ReSoMal) from the new WHO 75 mmolNa/L ORS sachet
(see section 3.6).

Research agenda

There are till gaps in knowledge in several areas, particularly in
relation to feeding very young infants and to caring for children
living with HIV/AIDS. Given the lack of published information
regarding the most advantageous formulations for feeding
severely malnourished infants aged < 6 months, there is a need for
observational studies and comparative randomized trials of
alternative formulations to guide decisions about optimum dietary
management in this age group. As yet there are no published
studies of the effectiveness of antiretroviral therapy or
micronutrient or energy supplementation in severely malnourished
children who are HIV-positive and few studies in children who
are not manourished. Information is needed on the
pharmacodynamics of different drugs and regimens in severely
malnourished  infants and children. The level of
immunosuppression and the phase of malnutrition treatment at
which to start antiretroviral therapy also need clarification.

The development of a defined plan of research is encouraged to
fill the knowledge gaps and achieve a clearer understanding of
optimum case-management. On the assumption that this research
is carried out, it might be anticipated that a major review of the
guidelines would be needed in the future. The year 2010 was
suggested as a reasonabl e target for completion of this task.

Conclusion

In developing countries, implementation of the WHO guidelines
for inpatient management of children with severe malnutrition can
reduce child deaths substantially and make a major contribution to
achieving the Millennium Development Goal of improved child
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survival. Current coverage of the guidelines is poor and will need
to be scaled up.

The Consultation has served to emphasize the importance of
having a formal mechanism through which a reliable evidence-
base, suitable for guiding policy, could be generated, and through
which future advances in understanding might be incorporated
into guidelinesin atimely way.

The next steps will be:

awider meeting with key partners to share the conclusions
of this Consultation with a view to consolidating
implementation of the WHO guidelines and broadening
the research base;

a planning meeting to consider the remit, structure and
potential value of a Technical Advisory Group, and the
logistics of establishing a web-based information forum;
and

preparation of an additional module for the WHO Training
Course on Improving Treatment of Severe Malnutrition.
This module will focus on the treatment of severely
malnourished children living with HIV/AIDS and will
include the programmatic changes highlighted in this
report.



1. BACKGROUND

The World Health Organization (WHO), together with
international experts, has developed two manuas for the
management of severe malnutrition. These are Management of
severe malnutrition: a manual for physicians and other senior
health workers (1) which was published in 1999, and its
abbreviated form in chapter 7 of IMCI Management of the child
with a serious infection or severe malnutrition: guidelines for
care at the first-referral level in developing countries (2),
published in 2000. The more recent of these two manuals was sent
to 83 peer reviewers in 1998. These manuals are referred to as
"guidelines’ throughout the report. There was consensus that the
guidelines were technically correct.

The guidelines are for the use of doctors, senior nurses and other
senior health professionas responsible for the care of young
children in hospitals at the first-referral level in developing
countries. A quiding principle in the development of these
guidelines was that they should be able to be implemented with
basic resources and limited staff. The am of the malnutrition
guidelines is to improve case-management so that the high case-
fatality rates that occur in many hospitals are substantially
reduced (for example to < 5% in areas with low prevalence of
human immunodeficiency virus (HIV)). Evidence is accruing to
indicate that thisis an achievable goal.

2. OBJECTIVES

In addition to reviewing new research findings, this Consultation
was called by WHO, Genevato consider case-management of two
subgroups of children, namely:
e severely malnourished infants aged < 6 months; and
e severely malnourished children living with HIV or
acquired immunodeficiency syndrome (AIDS);



and to consider whether they may require different or additional
treatment from that given in the guidelines.

Thus the objectives of the Consultation were to:

1. criticaly review new evidence in relation to current
guidelines,

2. consider if changes to the guidelines may be required
as aresult of the new evidence,

3. consider if the guidelines for infants aged < 6 months
should be modified;

4. assess the guidelines in relation to care of severely
malnourished children with HIV/AIDS, or children of
unknown status in areas where there is a high
prevalence of HIV; and

5. identify a research agenda for inpatient care of
severely malnourished children.

The use of ready-to-use therapeutic food (RUTF) was purposely
omitted from the agenda as the guidelines already make provision
for its use as an alternative to the milk-based catch-up formula
F100 in the rehabilitation phase. (The agenda items and names of
participants are given in Annex 1 and 2, respectively.)

3. FINDINGS

3.1 Progressin reducing deaths from severe malnutrition

Severe malnutrition is defined in the guidelines as severe wasting
(< 70% weight-for-length or <—3SD) and/or oedema. Where the
WHO guidelines have been implemented as recommended,
substantial reductions in case-fatality rates have been achieved.
For example, in hospitals in Myanmar, deaths have been halved
among severely malnourished children coincident with improved
case-management, and in emergency sSituations very low case-
fatality rates are being achieved. Development and adoption of the
guidelines thus represent a substantial step towards reducing the
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unacceptably high case-fatality rates that currently exist in many
countries. The need now is for implementation to be widened
through in-service training and incorporation of the guidelines
into medical and nursing curricula. Implementation has the
potential to save many of the lives currently being lost through
severe malnutrition and to contribute substantially to achieving
the Millennium Development Goal of reducing childhood
mortality. Implementation of the guidelines has been shown to be
feasible and sustainable even in small district hospitals with
limited resources (3, 4). Specific constraints which limit the
effective delivery of enhanced care include lack of resources (e.g.
of electrolyte/mineral mix), inadequate professional training, lack
of commitment and poor health system infrastructure.

The Consultation reaffirmed that the underlying conceptual
framework to the guidelines is robust and critical to a successful
outcome. This structured approach to care involves 10 steps in
two phases (stabilization and rehabilitation) and takes into
account the profound physiological changes that occur in children
with severe malnutrition.

3.2 New research findings

The Consultation identified only limited peer-reviewed new
research for the period under review (1998-2004), in which
severely malnourished children had been studied. During this
time, however, substantial advances in knowledge about
HIV/AIDS have been made, and there is now increased
opportunity for HIV-testing and antiretroviral therapy. These
changes will have programmatic implications for the care of
severely malnourished children with HIV infection.

Within the overall framework for the care of severely
malnourished children, gaps in knowledge were identified, and it
was accepted that a defined plan of research should be developed
to fill them and to achieve a clearer understanding of optimum
case-management. There was wide agreement that this should be a
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continuing process through which relevant research could be
commissioned and new evidence assessed. It was accepted that
there may be areas of the world where context-specific
modifications could be needed. On the assumption that this
research is carried out, it might be anticipated that a major review
of the guidelines would be needed in the future, and the year 2010
was suggested as a reasonabl e target for completion of this task.

3.3 Infantsaged lessthan 6 months

The guidelines were not developed with active consideration of
the needs of young infants below 6 months of age: their nutrient
requirements are different and their physiological processes less
mature than those of older infants. This group is aso more
heterogeneous in  terms of underlying etiology and
pathophysiology than older infants. The Consultation reaffirmed
that the 10-step approach does apply to these young infants, but
that consideration needs to be given to the type of feed and
volume given. The guidelines recommend F75 milk formula for
feeding in the stabilization phase and F100 for the rehabilitation
phase. The potential renal solute load (PRSL) of these and other
milk formulations was the focus for discussion.

3.3.1 Potential renal solute load: The PRSL refers to solutes of
dietary origin that would need to be excreted in the urine if none
was diverted into new tissue or lost through extrarenal routes. The
PRSL is estimated by summing dietary nitrogen expressed as
millimoles of urea (i.e. mgN/28) and the millimoles of dietary
sodium, potassium, chloride and available phosphorus. Excretion
of urea contributes most to the renal solute load, so the higher the
protein intake the greater the amount of solute produced. For
excretion by the kidney, urea and other solutes must be in
solution, and this requires water. Healthy infants are able to
maintain their water balance, but if situations arise where water is
being lost through, for example, high fever, diarrhoea, or
excessive evaporative loss in hot dry climates, there is a risk of
negative water balance and hypernatraemic dehydration. In the
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United Kingdom and the USA, the prevalence of hypernatraemic
dehydration fell in response to a shift from feeding infants with
whole cow’s milk and evaporated milk to feeding with infant
formula, and there are now recommended upper limits for PRSL

().

Severely malnourished children have a reduced capacity to
concentrate urine. The same also applies to very young infants.
The estimated PRSL of F75 falls within the range that is
considered safe. (This will be discussed further below.) During
rapid growth, solutes are deposited in lean tissue (estimated at 0.9
mmol of PRSL per g weight gain) and so a lower proportion will
require excretion. Thus, during the rehabilitation phase when rates
of tissue deposition are extremely rapid, the actual rena solute
load of F100 can be expected to be considerably less than the
estimated potential load. A difference of opinion and practice has
arisen regarding F100. On the one hand, some consider that it is
inappropriate to advocate the use of any formulation that would
not be allowed in Europe or the USA for well-nourished infants
under 6 months of age. Consequently some workers advocate
diluting F100 by one-third to lower the renal solute load. Others
take the view that because severely malnourished infants gain
weight more rapidly than heathy infants, the risk of dehydration
with F100 is theoretical rather than real. Clinical experiences in
the field with diluted F100 appear to be inconsistent; some have
reported good weight gains and others static weights. No relevant
published reports had been identified in the literature.

The Consultation reviewed the estimated PRSLs for human milk,
infant formula, F75, F100 and diluted F100 calculated according
to Fomon & Ziegler (6) (Table 1).

Table 1. Estimated potential renal solute loads of human milk
and infant formulas

Type of milk Estimated PRSL (mOsmol/L)

Human milk 93
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Milk-based infant formulas 135177

F75 154
F100 360
Diluted F100 238

The maximum value for PRSL proposed for well-nourished
children by the Life Sciences Research Office (LSRO) of North
America is 33 mOsmol/100 kcal (equivaent to 223 mOsmol/L)
(5). Based on the risk of hypernatraemic dehydration, it has been
proposed that feeding a formula with a PRSL of 176 mOsmol/L
(26 mOsmol/100 kcal) or less affords an adequate margin of
safety with respect to water balance, whereas feeding a formula
providing 263 mOsmol/L (39 mOsmol/100 kcal), or more,
predisposes the infant to hypernatraemic dehydration (5, 6). The
above-mentioned figures indicate that F75 has an estimated PRSL
below the maximum proposed for healthy infants growing
normally, and that diluted F100 is marginal. For F100, the
estimated PRSL exceeds the maximum, but no adjustment has
been made to alow for rapid tissue deposition in severely
malnourished children which lowers the actual renal solute load.
The situation regarding the safety of F100 for infants aged < 6
months who are gaining weight rapidly is therefore unclear.
Concern was also expressed that the composition of F75 may not
be perfectly matched to the needs of very young, severely
mal nourished infants.

3.3.2 Appropriateness of the guidelines for infants aged less
than 6 months

Given the lack of published evidence regarding the most
advantageous formulations for feeding severely malnourished
infants aged < 6 months, there was strong agreement on the need
to conduct observational studies and comparative randomized
trials of aternative formulations to guide decisions about
optimum dietary management in this age group. The Consultation
agreed that because these infants are at special risk of water stress
in situations where there might be a significant increase in non-
renal water losses, through for example increased losses in sweat
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in hot, dry climates, special care needs to be taken with any
formulation that might lead to a high PRSL in infants who are not
gaining weight rapidly. Given the limitations of current
knowledge, but mindful of the need to guide health workersin the
interim, and bearing in mind directives as to PRSL in healthy
children, the Consultation broadly agreed the following:

Sabilization phase. The Consultation proposed that until
definitive data are forthcoming, the guidelines set out for
stabilization with F75 should be followed for infants under 6
months of age. Diluted F100 was considered inappropriate
because its PRSL is marginal and its higher protein, sodium and
lactose content is disadvantageous. Where available, expressed
breast milk was seen as a possible alternative to F75.

Rehabilitation phase. The actual renal solute load is related to the
rate of weight gain. The PRSL is high for F100 and some
members of the Consultation felt it should not be used asits PRSL
exceeds the upper limit recommended by LSRO. Some felt that
F100 should not be used for infants < 4 months of age. Expressed
breast milk, infant formula or diluted F100 were seen as possible
alternatives. Others considered that F100 may be appropriate if
weight gain is rapid. The results of comparative randomized trials
will guide future decisions about appropriate formulations for
feeding infants under 6 months of age.

Breastfeeding. The Consultation agreed that human milk is the
preferred food for young infants, athough in HIV-affected
populations decisions about breastfeeding are complex. The
Consultation agreed that in infants with severe malnutrition, who
are acutely and severely ill, resuscitation and stabilization with
therapeutic milk take precedence over breastfeeding. Participants
reported that in Bangladesh and Sierra Leone, exclusive
breastfeeding in managing severe malnutrition had been
unsuccessful, resulting in the deaths of infants. Experience has
also shown that when no effort is made to re-establish successful
lactation, infants often end fully weaned, which can compromise
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their longer-term survival. Therapeutic feeding combined, where
appropriate, with supportive care to re-establish successful
lactation, is recommended. Supportive care is described in IMCI
Management of the child with a serious infection or severe
malnutrition: guidelines for care at the first-referral level in
developing countries (99-104) (2).

Low-birth-weight infants. The Consultation clarified that low-
birth-weight infants who are not severely wasted or oedematous
should be managed according to guidelines provided by WHO
specifically for such infants (7, 8).

3.4 Children living with HIV/AIDS

Knowledge of the HIV virus and the opportunities for HIV testing
have increased since the guidelines were originaly published, as
has the availability of antiretrovira drugs (ARVS). It is well-
established that the HIV virus mutates and replicates extremely
rapidly (10° new virions/day), and that very high destruction rates
of CD4 T-lymphocytes occur even in individuas who are
asymptomatic. Controlling vira replication is therefore essential.
For adults starting treatment with triple-drug ARV, the median
time taken for the viral load to decrease to undetectable levels is
12 weeks. For children it may take 24 weeks as they tend to start
with higher viral loads. Restoration of the immune system,
however, takes much longer. The most effective combinations of
drugs act at different sites, for example drugs such as nevirapine
(a non-nucleoside reverse transcriptase inhibitor) latch on to the
active site of the vira reverse transcriptase and stop it from
building DNA from RNA, whereas drugs such as azidothymidine
(AZT) (a nucleoside reverse transcriptase inhibitor) latch on to
new strands of DNA and act as chain terminators. Protease
inhibitors, on the other hand, attack the final stages of viral
replication by preventing the assembly of the vira components
into new HIV viruses. The CD4 cell count is a marker of the
degree of immunosuppression and is used in deciding when to
start ARV therapy. In children, the CD4 cell count is best

13



expressed as a percentage of total T-cells (CD4%), rather than the
absolute count, as it varies less with age. Where access to CD4
cell countsislimited, auseful proxy isthe total lymphocyte count.

The ELISA assay is routinely used for detecting HIV antibodies,
but is reliable only in children aged > 15 months as younger
uninfected children could still test positive as a result of the
presence of maternal antibodies. Definitive testing for the virus
(e.g. western blot or molecular (polymerase-chain reaction (PCR))
techniques) is expensive.

The statements in the Manual (1) that severely malnourished
children “should not be tested routinely for HIV”, or if tested “the
results should not be revealed to the staff”, are no longer
applicable, and do not appear in the WHO-IMCI guidelines. HIV
testing has clear benefits even where ARVs are unavailable, for
example in identifying children to whom prophylactic
cotrimoxazol e should be given.

3.4.1 Severe malnutrition associated with HIV/AIDS
The approach to treatment of severe malnutrition associated with
HIV/AIDS will be determined by a number of factors, of which
the following are of particular importance:

e knowledge of HIV status and CD4 cell count (or total

lymphocyte count);
e availability of ARVs; and
e presence of comorbidities or secondary infections.

As regards HIV status, there are three different situations that
would influence the treatment of a severely malnourished child.

1. Mother is known to be HIV-infected, but the child isHIV-
negative. For those children who become severely
malnourished, the approach is to follow the guidelines for
severe malnutrition.

2. Child is HIV-infected, and the CD4 count is not low. The
approach is to follow the guidelines for severe
mal nutrition, taking into account the changes set out in the
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following section (3.4.1.2) pertaining to the prevention
and treatment of comorbidities.

3. Child is HIV-infected and meets national criteriafor ARV
therapy (either by CD4% or clinical staging). In this case,
the approach is to treat with ARVs and to follow the
guidelines for severe malnutrition.

Currently the best approach for ARV therapy is not clear. The
choice will depend upon availability, local protocols and better
information on the pharmacodynamics of different drugs and
regimens in infants and children in general, and in severely
malnourished infants in  particular. The level of
immunosuppression (e.g. CD4%) and the phase of malnutrition
treatment at which to start ARV therapy also need to be
determined.

As yet there are no published studies of the effectiveness of
treatment with ARV's in severely malnourished children and few
studies of their use in children who are not malnourished. The
results in children who are not manourished appear promising
and generic drug companies are starting to produce infant/junior
formulations. Children who are not malnourished metabolize
ARVs faster than adults and need higher doses per kilogram of
body weight to achieve adequate drug concentrations. The
pharmacokinetics and safety of ARVs in severely manourished
children have yet to be studied. ARVs may have side-effects that
may affect adherence to medication and efficacy. Potential short-
term adverse consequences include nausea, diarrhoea, liver
damage, bone marrow suppression and pancredtitis. Longer-term
adverse effects include mitochondrial toxicities, metabolic
complications, anaemia and neutropenia. Doses of ARV's must be
increased as the child’s weight increases, otherwise resistance is
likely to develop. Immune reconstitution inflammatory syndromes
may occur in the early months after commencing ARV therapy.
Difficulties are anticipated in treating children who are aready
anorexic or have severe mouth lesions from thrush, impaired
absorption or abnormal drug metabolism. There are also practical
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problems in that some liquid formulations have an unpleasant
taste and tablets may not be of an appropriate dose for small
children, and important interactions may occur between ARVs
and other drugs, for example with rifampicin being given for
tuberculosis. In addition to the high costs of the drugs (currently
higher in children than adults), ARV treatment entails continuous
monitoring, which requires additional human and financial
resources. Follow-up of children with malnutrition is variable, but
will need to be exemplary if ARVs are to be successful. Food
and/or micronutrient supplementation is likely to be important and
may modify pharmacokinetics, drug side-effects and adherence.
Nevertheless, ARV treatment of children has already started in
some countries, for example, Botswana and Zambia, and it is
expected that the use of ARVs will increase. The position of the
Joint United Nations Programme on HIV/AIDS (UNAIDYS) is that
ARVs should be used in adults and that children should not be
excluded from being given the opportunity to benefit from this
treatment.

3.4.1.1 Comorbidities

HIV infection is often combined with other infections and
conditions. Anorexia and diarrhoea are common in children with
HIV and in those with severe malnutrition. Gut enteropathy tends
to be worse in HIV-infected children than in uninfected children.
Children with advanced HIV disease who have profound anorexia
may benefit from continuous feeding through a naso-gastric tube.
Children with monosaccharide and disaccharide intolerance
(diagnosed by anhydrous Benedict’s reagent, e.g.Clinitest tablets
or glucose dipstick in watery stools) may benefit from preparing
F75 or F100 with lactose-free ingredients. Despite more
protracted diarrhoea in HIV-positive children, stool pathogens are
similar to those in HIV-negative children. Cryptosporidium
parvum infection in seropositive children is an important cause of
enteropathy and may result in protracted diarrhoea and
malabsorption. It was suggested that routine administration of
metronidazole may help repair gut damage in malnourished
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children with symptomatic HIV, but there have been no clinical
trials to guide policy.

3.4.1.2 Secondary infections

Disease progression is more rapid in HIV-infected children than
in adults and they suffer opportunistic infections more frequently.
In young children the most common opportunistic infection is
Pneumocystis jiroveci pneumonia (PCP) (formerly P. carinii),
especialy in infants aged 2—6 months. Most infections and deaths,
however, are caused by the same pathogens as are found in HIV-
negative children.

Severe pneumonia. In the case-management guidelines for severe
malnutrition, the stated treatment for severe pneumonia (rapid
breathing + chest indrawing) is with intramuscular benzyl
penicillin for 5 days. This may be insufficient in children with
HIV in whom there is a wider range of causative organisms,
including Gram-negative bacteria. The Consultation agreed that
adequate staphylococcal and Gram-negative cover (e.g. ampicillin
and gentamicin) is essential for treatment of severe pneumoniain
children with HIV. If severe hypoxia is present suggestive of
Pneumocystis jiroveci, high-dose cotrimoxazole is also needed as
described in IMCI Management of the child with a serious
infection or severe malnutrition: guidelines for care at the first-
referral level in developing countries (2, p. 94).

Respiratory infections (including PCP) can be prevented by
prophylaxis with cotrimoxazole. In the recent CHAP trid,
survival of HIV-infected children was greatly enhanced by long-
term prophylactic administration of cotrimoxazole (9). The
Consultation agreed that children aged < 15 months who test
positive by the ELISA antibody assay but whose HIV status has
not been confirmed; or are untested, but are known to have been
exposed to HIV infection, should receive prophylactic
cotrimoxazole from the time of admission and throughout their
hospital stay. They should continue to receive prophylactic
cotrimoxazole after discharge until their HIV status is either
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confirmed or excluded (e.g. by re-testing by ELISA at age > 15
months). For children who are known to be HIV-infected,
prophylactic cotrimoxazole should be continued indefinitely.

Tuberculosis. The diagnosis of tuberculosis (TB) is difficult in
children because sputum specimens are not easy to obtain and
laboratory methods for detecting disease have low sensitivity.
Failure to gain weight over 2 weeks is often taken as asign of TB,
but poor weight gain can be (and often is) due to inadequate
dietary intake. Diagnosis is thus prone to error, especialy in
children with HIV, and there is a potential for mistreatment. The
Edwards score for identifying TB performs poorly in children
with HIV. Improved scoring systems to aid recognition and
diagnosis are needed. There is also the risk that HIV-infected
mothers may bring TB onto the ward, raising the question as to
whether TB prophylaxis might be desirable, but this was not
considered appropriate. WHO has recently updated its TB
treatment guidelines in Treatment of tuberculosis: guidelines for
national programmes (10).

Other common opportunistic infections. These include oral and
oesophageal candidiasis, herpes stomatitis and cytomegalovirus
(diagnosis and treatment difficult). Bacterial infections are
common in children with severe malnutrition irrespective of their
HIV status, but HIV-positive children are more prone to severe
bacterial infection than HIV-negative children. The most frequent
causative agents in HIV-positive children are Sreptococcus
pneumoniae and Haemophilus influenzae type b (11). Another
common cause of severe infection is non-typhoidal Salmonella

SPp.

The Consultation noted that:

e Fluconazole is the preferred treatment for oesophageal and
resistant oral thrush, and causes less liver toxicity than
ketoconazole. Fluconazole is now on the WHO Model List
of Essential Medicines and isincreasingly available.
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e Steroids should not be prescribed for mild or moderate
lymphoid interstitial pneumonitis (LIP) as they suppress
immune function and may increase the risk of
opportunistic infections and tuberculosis. Steroids should
only be given for severe LIP as specifically set out in
IMCI Management of the child with a serious infection or
severe malnutrition: guidelines for care at the first-
referral level in developing countries (2, p. 95).

e Antibiotic drug resistance is an escaating problem and
procedures need to be put in place at the national level to
keep health professionals up to date with local resistance
patterns, and to modify the medication guidelines to reflect
the local context.

3.4.2 Diet and nutrients

Interventions in industrialized countries for adults with AIDS
indicate only marginal benefit from the use of appetite stimulants,
nutritional support, total parenteral nutrition and 1GF-1, in the
absence of ARV therapy. These populations, however, are food
secure and are less likely to have nutritional deficiencies than
populations in poor communities. The targets for energy and
protein intakes set out in the guidelines were considered
appropriate, and there is experience that severely malnourished
children with HIV, including those with persistent diarrhoea, can
gain weight when they are adequately fed (i.e. fed according to
the guidelines).

Breastfeeding. In HIV-affected populations, mothers may have
already opted for replacement feeding, so statements in the
Manual (1) that children should continue to be breastfed may be
inappropriate. (Note: these outdated statements do not appear in
the WHO-IMCI guidelines.)

Micronutrient supplementation in HIV-infected children. The
effects of severe malnutrition on immune suppression are similar
to those of HIV infection. Deficiencies of micronutrients
adversely affect immune function, especialy deficiencies of

19



antioxidant nutrients such as zinc and selenium, and vitamins A, C
and E. In observational studies of HIV-infected adults,
micronutrient deficiencies have been associated with faster
disease progression, increased mortality and higher risks of HIV
transmission. It has been proposed that oxidative stress resulting
from micronutrient deficiency may accelerate immune cell death
and viral replication. In the Cochrane review of 32 micronutrient
supplementation trials, the results (on viral load, CD4 cell counts,
all-cause mortality and comorbidity) were mixed, and many trials
reported no benefit. The first double-blind placebo-controlled
randomized mortality trial of multi-micronutrients in HIV-
infected adults not receiving ARV's was reported in 2003 from
Thailand (12). At the end of 48 weeks, survival wasincreased in a
subset of adults with low initial CD4 cell counts (< 200 cells x
10%L) athough their CD4 cell count and viral load did not
improve. More recently in the United Republic of Tanzania,
however, multivitamin supplementation of pregnant women
infected with HIV did improve CD4 cell counts and reduce viral
load, and there was delayed disease progression and fewer
complications from candidiasis and diarrhoea (13).

Very few trials of micronutrient supplementation have been
conducted in children with HIV; none is robust and there is no
clear evidence that supplementation slows disease progression. In
South Africa, supplementation with high-dose vitamin A at 1, 3,
6, 9, 12 and 15 months reduced diarrhoea in HIV-positive infants
by 49% and hospitalization for diarrhoea by 77% (14). In the
United Republic of Tanzania, vitamin A supplementation reduced
all-cause mortality by 63% in HIV-infected children admitted to
hospital with pneumonia (15).

The malnutrition guidelines advise that all severely malnourished
children receive multivitamins, zinc and copper daily for at least 2
weeks. In the rehabilitation phase iron is also given. Where the
combined mineral—vitamin mix (CMV) is used, additional trace
elements including selenium are provided. The Consultation
considered that for the time being the guidelines regarding daily
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micronutrients should be followed for all children with severe
malnutrition, regardless of their HIV status. As new evidence
emerges, changes to the guidelines may be appropriate.

The guidelines al so advise the administration of asingle high dose
of vitamin A on admission. Repeated dosing needs to be
approached cautiously for children with symptomatic HIV and
others who are continually being readmitted, and the Consultation
proposed that the high dose be given to readmitted children only if
there has been an interval of at least 4 months since the last high
dose.

Advice in the WHO-IMCI guidelines (2) (pp. 92-98) should be
followed regarding testing for HIV, management of HIV-related
conditions, follow-up and palliative care. As for al children, the
weights of those living with HIV/AIDS should be diligently
monitored and action taken immediately if a child loses weight to
prevent relapse to severe malnutrition.

3.5 Vitamin A, potassium, phosphor us and cysteine

The Consultation considered six papers (16-21), and an editorial
(22) relating to studies on vitamin A, potassium, phosphorus and
cysteine.

Vitamin A. Deficiency of vitamin A has traditionally been seen as
one of the most common deficiencies associated with severe
malnutrition. Three important functions relate to host immune
responses, mucosa integrity and vision. Infections, especially
measles, increase the utilization of vitamin A. The guidelines
advise a high dose of vitamin A on day 1, followed by small daily
doses.

One paper (16), one letter (17) and one abstract (18) were
considered. The aim of the studies was to compare the efficacy of
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a single high dose of vitamin A with that of a daily low-dose
regimen on morbidity (16), duration of diarrhoea (17), and
morbidity and mortality (18). The high dose of vitamin A was
200 000 IU (or 100 000 for infants aged < 12 months (16, 17)). A
low dose was 5 000 IU. The hypothesis was that daily doses
would be more efficacious than an initial high dose as vitamin A
absorption may be blunted on admission (16). In the Democratic
Republic of Congo, 900 consecutive paediatric admissions were
randomly assigned to receive either a high dose of vitamin A on
admission, daily low doses or a placebo, during their hospital stay
(16). Mortality in the high, low and placebo groups was 8.0%,
8.4% and 8.9%, respectively (NS). There were no significant
differences between the groups in duration of diarrhoea or the
incidence of nosocomial fever, respiratory infections or moderate
diarhoea. For severe nosocomial diarrhoea in a subset of
oedematous children, the incidence in the high-dose group was
similar to that in the placebo group, but the incidence was
significantly lower in the children who received daily low doses
than those who received the placebo (RR, 0.21; 95% CI, 0.07—
0.62; P = 0.005).

In Senegal (17), 205 children with persistent diarrhoea were
randomly assigned to receive either a high dose of vitamin A on
admission or daily small doses for up to 60 days. Mortality in the
high- and low-dose groups was 16.8% and 12.4% respectively
(NS), and duration of diarrhoeawas similar in both groups.

In another study in Senegal (18), 1214 children (consecutive
paediatric admissions) received either a high dose of vitamin A on
admission or daily low doses. Mortality was 11.1% and 9.7% in
the high- and low-dose groups, respectively (NS). In a subset of
oedematous children, mortality in the group that received a daily
low dose was significantly lower than in the high-dose group (OR,
0.21; 95% ClI, 0.05-0.99).

The discussions touched on the lack of convincing evidence for an
effect of vitamin A on measles mortality in the Cochrane review,
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the good absorption of vitamin A in severely malnourished South
African children, and the problem of using the serum
concentration of vitamin A as an indicator of deficiency, because
the concentration of retinol-binding protein fals during an acute
infection. Prevention of blindness was raised as an important
consideration in vitamin A dosing. In Bangladesh, oedematous
children with clinical signs of vitamin A deficiency are more
likely than wasted children to progress to keratomalacia, as a
result of lower levels of retinol-binding protein.

Interpretation of the three studies in relation to the guidelines was
considered difficult and their validity was thought to be doubtful.
For example, the vitamin A regimens studied did not replicate
those in the malnutrition guidelines (which advocate a single high
dose followed by daily low doses) and case-management is not
described in the studies.. It was accepted that the question of
vitamin A dosage is an important one and that there is scope for
further research.

Potassium. Low body potassium is ubiquitous in individuals with
severe malnutrition and can have fata consequences. High
priority is given in the guidelines to the provision of potassium,
either as an electrolyte/mineral solution or in CMV. Correction of
potassum deficiency within cells is rapid (about 1 week).
Repletion of total body potassium takes longer (about 4 weeks) as
this requires tissue accretion. One paper (19) was discussed. In
Malawi, 99 oedematous children were randomly assigned to
receive either extra potassium (3 mmol/kg/day) or a placebo for
the first 7 days of treatment.

e Phase 1 (stabilization): 4.7 mmol (asin the Manual) versus
7.7 mmol/kg/day (3 mmol extra (i.e. 4.7 + 3 = 7.7mmol/
/kg/day); and

e Phase 2 (rehabilitation): as in the Manua (7.6
mmol/kg/day).

The hypothesis was that the extra potassium would hasten oedema
loss, clinical recovery, and weight gain. No effect of the extra
potassum was found on oedema loss, but some clinical
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parameters appeared to improve (i.e. sepsis, cough, dyspnoea and
nosocomial skin infection). Weight gain was not reported.

Early deaths (within 0-5 days of admission) were similar in both
groups (11 deaths occurred in the intervention group versus 10 in
the placebo group), but late deaths were significantly different
(three in the intervention group versus 13 in the placebo group, P
= 0.02). The authors acknowledged that the mortality outcome
was unexpected and could have occurred by chance.

Discussants recognized the difficulties in generalizing the results
of studies carried out in locations where facilities for care were
limited and not all elements of the guidelines had been followed
as recommended. Where this applied it would be important to
replicate the findings in other locations to substantiate their
generalizability. Only then would it be appropriate to consider
such findings in formulating general guidelines.

Maize, the staple food in Malawi, is low in potassium and studies
in locations where maize is not the staple were also suggested. In
terms of practical application, not all places have access to
potassum chloride or CMV and it was suggested that crushed
slow-release potassium tablets are a feasible aternative (e.g. 1/2
tablet/kg/day Slow K®). Ideally the source of potassium should
be added during preparation of the feeds so that the ratio of
potassum to other nutrients is fixed. Slow-release tablets,
however, do not dissolve readily and are therefore administered
separately. Analytical grade potassium chloride, although not sold
for human consumption, is available in some countries and is of
sufficient purity. This can be used by making a 10% stock
solution (100 g potassium chloride in 1 L water) and including
22.5 ml of this solution per litre of F75, F100 and ReSoMal (2).

Phosphorus. Little is known about phosphorus metabolism in
children with severe malnutrition or about the prevalence of
deficiency. The paper reviewed (20) described a retrospective,
descriptive study in Malawi, which found an association between
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low serum phosphate in oedematous children and mortality. Of
the 68 children studied, only 57% had a normal phosphate level
on admission. During treatment, approximately half received a
low-phosphate diet based on egg white.

F75 provides about 1.16 mmol P/kg/day which does not meet the
phosphorus requirement of 2 mmol/kg/day. F100 provides
approximately 4 mmol P/kg/day. Although thereis concern about
the effects of providing oral phosphate supplements to severely
malnourished children (e.g. diarrhoea and profound diuress),
there is a need to determine whether additional dietary phosphate
can be used to normalize biochemical measures and improve
outcome. Dietary phospholipids were suggested as a possible way
forward.

Cysteine. Cysteine is a sulphur amino acid and component of
glutathione. Reduced glutathione (GSH) is an important
antioxidant and oedematous children have lower concentrations of
GSH than non-oedematous children. In Jamaica, 16 oedematous
children were randomly assigned to receive either cysteine (0.5
mmol/kg/day as N-acetylcysteine) or aanine (control) in a
double-blind trial (21). Supplementation increased GSH synthesis
5-fold and resulted in more rapid loss of oedema (9 versus 14
days, P < 0.05).

In a separate study, cysteine supplementation of HIV-infected
patients similarly improved GSH synthesis as well as natural
killer cell activity and T-cell proliferation, which suggests that
cysteine supplementation of oedematous children may not only
reduce oxidative damage, but also improve immune function.

Discussion centred around the role of cysteine in membrane
function. It was concluded that this small study showed an
important metabolic effect that justifies a larger trial, which
should include children with HIV. Supplementation with
methionine was not considered a suitable alternative to cysteine,

25



as methionine utilizes glycine in the methionine-homocysteine
cycle, and severely malnourished children are short of glycine.

3.6 Rehydration and ReSoM al

Severely malnourished children have excess body and
intracellular sodium, even though plasma sodium may be low.
The guidelines state that sodium intake should be restricted and a
low-sodium oral rehydration solution (ReSoMal) is advised.
Because severely malnourished children are deficient in
potassium, ReSoMal contains extra potassium, as well as extra
glucose or sucrose and selected minerals (and vitamins if using
CMV). Although no efficacy trial of ReSoMa had been
undertaken when the guidelines were written, this has now been
rectified. Thistrial (23) was reviewed at the Consultation. It was a
randomized, double-blind therapeutic trial of standard WHO-ORS
(90 mmol Na/L) versus ReSoMal (45 mmol Na/L) in 130 severely
mal nourished children with acute watery diarrhoea in Bangladesh.
Children receiving ReSoMal had a significantly better potassium
status than those receiving WHO-ORS and hypokalaemia was
corrected by 24 h in a greater proportion of children receiving
ReSoMal than in those treated with WHO-ORS (36% versus 5%,
P = 0.0006). Fewer children developed overhydration in the
ReSoMa group (5% versus 12%), but the difference was not
significant. Three children in the ReSoMa group developed
severe hyponatraemia, one of whom (with a high purging rate of
18 g/kg/h) developed convulsions. The authors suggested that
increasing ReSoMal to 75 mmol Na/L may be preferable.

The possibility was raised as to whether the child who developed
convulsions might have had water intoxication (528 mi/kg of
ReSoMal during the first 24 h). It was also suggested that there
may be a case for rehydrating oedamatous children differently
from those with marasmus, as they handle sodium and water
differently. Oedematous children tend to be more sensitive to
sodium and retain excess water more easily than marasmic
children (although there appear to be geographical differencesin
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sensitivity), and it was noted that fewer than 25% of children in
the Bangladesh trial were oedematous. The composition of WHO-
Oral Rehydration Solution is being changed from 90 to 75 mmol
Na/L. It was broadly agreed that for the time being ReSoMal
should continue to be used, but further research would be helpful
to determine the optimum sodium concentration in different
contexts, including severely malnourished children with severe
purging, as in those with cholera.

To make ReSoMal (45 mmol Na/L) from the new 75 mmol Na/L
WHO-ORS, add 1.7 L of cooled boiled water to each 1-litre
sachet of WHO-ORS, add 33 ml electrolyte mineral solution (or
an equivalent amount of CMV) and 40 g sugar.

3.7 Modification of the standard protocol in Kinshasa

At Kimbanseke Hospital, Kinshasa, a 5-day training workshop for
the treatment of severe malnutrition was conducted in October
2002. The principles of the WHO guidelines were followed, but a
different approach was used to prevent excess administration of
ReSoMal during rehydration. Rather than monitoring pulse and
respiratory rates every hour to indicate fluid overload (increase of
5 beats and 25 breaths/min), short-term weight change, respiratory
distress and increasing liver size were used. A weight-monitoring
algorithm was devised to guide decisions as to whether to
continue, stop or increase administration of ReSoMal. Rapid
breathing plus weight gain was used to signify heart failure,
whereas fast breathing with weight loss signified pneumonia.
Despite being a region with a high prevalence of HIV, the case-
fatality rate from October 2002—-June 2003 was 20/494 (3%) in
contrast to 73/415 (17%) during March—October 2002 when less
attention had been given to fluid overload. In many hospitals,
fluid overload resulting in heart failure is often misdiagnosed as
pneumonia. This weight-monitoring approach has been scaled up
in Angola, Burundi and Ethiopia, where the reported case-fatality
rateis 3-6%.

27



3.8 Criteriafor early dischargeto home-based treatment

The guidelines encourage continued hospital care until recovery,
but also provide criteria for early discharge to home care. One of
these criteria is that children being considered for home care
should be at least 12 months old. Experiences of home
rehabilitation in Bangladesh were presented. After completing the
initial phase of treatment, 225 severely malnourished children
were randomly assigned either to continuing hospital-based care
(NRU), home care with outpatient follow-up (OPD) or home care
with home follow-up. Follow-up was weekly for the first month
and then fortnightly until the child achieved 80% weight-for-
length. Both follow-up groups received multivitamins, zinc syrup,
folic acid and iron, but no food supplements were given. All
children were oedema-free at the start of home care. There was
one death in the NRU group from nosocomial infection. Weight
gains in the NRU, OPD and home-visited groups were 11.6, 7.5
and 104 g/kg/d, respectively and the costgpatient of
rehabilitation were US$ 76, 21 and 22, respectively. Infants aged
6-12 months were included in the study. It was concluded that the
age criterion for discharge to home care could be lowered to 6
months.

Discussion included practical problems, such as violence, that
home visitors face in some settings and the difficulty of travelling
around communities. Scaled up studies in other settings were
suggested, athough there were differing opinions as to the
sustainability of home visits.

4. RESEARCH

It was recognized that nongovernmental organizations (NGOS)
and United Nations (UN) agencies collect a great dea of
information that could be used to advantage. Formal collaborative
research between NGOs, UN agencies and academic institutions
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was encouraged, so that data analyses could be ongoing, timely
and have technical oversight.

Infants less than 6 months of age

To guide policy regarding optimum dietary management
of very young severely malnourished infants, there is an
urgent need for observational studies and randomized
trials of alternative formulations, for example a tria
comparing the results of using F100 with those of using
diluted F100 in the rehabilitation phase.

For young, severely malnourished, HIV-positive infants in
areas where definitive diagnostic virological testing of
HIV is not available, research is needed to identify signs
that are predictive of HIV.

Children living with HIV/AIDS

To guide decisions about ARV treatment, studies of the
sofety of ARVs in severe manutrition, and
pharmacokinetic studies, are essential. These can be
conducted on small samples of children.

Larger scale studies are needed to determine when to start
treatment with ARVs (e.g. level of immunosuppression
and phase of malnutrition treatment), effective drug
regimens and drug interactions (e.g. between ARVs and
TB drugs). To help elucidate when to start ARV's, data will
be needed regarding the effects of severe malnutrition on
CD4% in HIV-infected and uninfected children of
different ages.

Prospective case—control studies are required to determine
if there are important differencesin the clinical response to
case-management between severely malnourished children
infected with HIV and those who are uninfected. Such
studies may help to develop better approaches for the care
of HIV-positive children with severe malnutrition. Two
populations of infected children are envisaged, namely
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those with symptomatic HIV and those with no symptoms
whose seropositive status is discovered by routine testing.
More studies of the performance of the malnutrition
guidelines (e.g. on speed of recovery and the case-fatality
rate) in areas of high HIV prevalence are needed.
Postmortem studies in different settings will help define
common pathological profiles.

Interrupting perinatal transmission of HIV to children was
seen both as a programmatic imperative that must be
scaled up for adequate coverage and also as a research
imperative.

Randomized trials to determine optimum micronutrient
intakes for HIV-exposed and HIV-infected children with
severe malnutrition were suggested.

Pathophysiology
Research was proposed on the following:

renal handling of sodium in severely malnourished
children, with and without HIV, and the effect of
prophylactic cotrimoxazole on renal tubule function;
supplementation with potassium, phosphate, cysteine and
vitamin A to determine optimum dosages; and

lactose-free feeds.

Rehydration

Now that the new WHO-ORS (75 mmol Nall) is
available, a randomized double-blind trial was suggested
to determine the optimum sodium concentration of
ReSoMal (e.g. comparing 75 versus 45 versus 37.5 mmol
Na/L).

Early discharge to home rehabilitation
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o Cost-effectiveness studies of alternative home-based and
community-based approaches in different settings were
proposed, including comparisons of home-prepared foods
and RUTF.

Implementation of the guidelines
e Studies are required to identify factors that constrain or
promote implementation of the guidelines in different
settings.
e |dentification of priority actions that might simplify
treatment and assist in monitoring implementation of the
guidelines and promote quality assurance was proposed.

Training programmes

e Operational research to evaluate the effectiveness of
training programmes is needed.

e Trials of different approaches to training are also needed
to determine the most cost-effective way(s) to change
case-management  practices. These may include
interventions to change attitudes and improve motivation.

5. CONCLUSIONS

The WHO guidelines have played a valuable role in establishing a
base of improved practice in the management of severely
malnourished children. When the guidelines are followed, they
effectively lead to a substantial reduction in child deaths, but
current coverage is poor worldwide and there are a number of
important issues that need to be addressed if the guidelines are to
be rolled out effectively to help achieve the Millennium
Development Goal of improved child survival. One of the urgent
goals is the incorporation of the guidelines into medical and
nursing curricula, and into in-service training programmes.
Paediatric textbooks need to be updated in line with the
guidelines. In many countries, weaknesses in local and central
health systems, staff shortages and resource constraints limit
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effective delivery and sustainability of the measures in the
guidelines and these problems need to be addressed.

Gaps in knowledge remain, particularly in relation to feeding very
young infants and to caring for children living with HIV/AIDS.
Research is needed to guide decisions about optimum dietary
management for infants aged < 6 months. As yet there are no
published studies of the effectiveness of antiretroviral therapy in
severely malnourished children who are HIV-positive and
information is needed on the pharmacodynamics of different
drugs and regimens. The level of immunosuppression and the
phase of malnutrition treatment at which to start antiretroviral
therapy also need to be determined. Nutritional supplementation
may have an important impact on the progression of HIV disease,
especially when combined with effective antiretroviral treatment.
When new information becomes available and the strength of the
evidence is assessed, aspects of the guidelines may need to be
revised. The

revised guidelines should then be made widely available as
quickly as possible, utilizing suitable methods of dissemination
such as web-based communication.

Evidence was considered for possible improvements in practice
regarding fluid and electrolyte homeostasis, and the effective
provision of potassium, phosphate, vitamin A, cysteine and oral
rehydration solution. Each of these areas was recognized as being
of importance, but current evidence was not sufficiently strong to
support a change in practice. Focused research commissioned to
address specific issues was recommended to achieve a clearer
understanding of optimum case-management. On the assumption
that this research is carried out, it might be anticipated that a
major review of the guidelines would be needed in the future. The
year 2010 was suggested as a reasonable target for completion of
this task.

The Consultation has served to emphasize the importance of
having a formal mechanism through which a reliable evidence-
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base, suitable for guiding policy, could be generated, and through
which future advances in understanding might be incorporated
into guidelinesin atimely way. Currently such a mechanism does
not exist and the Consultation considered that the creation of a
group, such as a Technical Advisory Group, would be of value, as
would closer ties between those engaged in cutting-edge HIV
research and those with expertise in severe malnutrition.

The next steps will be:

awider meeting with key partners to share the conclusions
of this Consultation with a view to consolidating
implementation of the WHO guidelines and broadening
the research base;

a planning meeting to consider the remit, structure and
potential value of a Technical Advisory Group, and the
logistics of establishing a web-based information forum;
and

preparation of an additional module for the WHO Training
Course on Improving Treatment of Severe Malnutrition.
This module would focus on the treatment of severely
malnourished children living with HIV/AIDS and would
include the programmatic changes highlighted in this
report.
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