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Abstract

Background: Severe acute malnutrition (SAM) accounts for two million deaths worldwide annually. In those hospitalised
with SAM, concomitant infections and diarrhoea are frequent complications resulting in adverse outcome. We examined the
clinical and laboratory features on admission and outcome of children with SAM and diarrhoea at a Kenyan district hospital.

Methods: A 4-year prospective descriptive study involving 1,206 children aged 6 months to 12 years, hospitalized with SAM
and managed in accordance with WHO guidelines. Data on clinical features, haematological, biochemical and
microbiological findings for children with diarrhoea (=3 watery stools/day) were systematically collected and analyzed
to identify risk factors associated with poor outcome.

Results: At admission 592 children (49%) had diarrhoea of which 122 (21%) died compared to 72/614 (12%) deaths in those
without diarrhoea at admission (X*>=17.6 p<<0.001). A further 187 (16%) children developed diarrhoea after 48 hours of
admission and 33 died (18%). Any diarrhoea during admission resulted in a significantly higher mortality 161/852 (19%) than
those uncomplicated by diarrhoea 33/351 (9%) (X*>=16.6 p<<0.001). Features associated with a fatal outcome in children
presenting with diarrhoea included bacteraemia, hyponatraemia, low mid-upper arm circumference <10 cm, hypoxia,
hypokalaemia and oedema. Bacteraemia had the highest risk of death (adjusted OR 6.1; 95% C.| 2.3, 16.3 p<<0.001); and
complicated 24 (20%) of fatalities. Positive HIV antibody status was more frequent in cases with diarrhoea at admission
(23%) than those without (15%, X*=12.0 p=0.001) but did not increase the risk of death in diarrhoea cases.

Conclusion: Children with SAM complicated by diarrhoea had a higher risk of death than those who did not have diarrhoea
during their hospital stay. Further operational and clinical research is needed to reduce mortality in children with SAM in the
given setting.
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Introduction Diarrhoea, defined as 3 or more watery stools per day, often

) ) . o complicates SAM [6,7]. Management of diarrhoea and de-
It is estimated that severe malnutrition accounts for 2 million

deaths annually [1]. Case-fatality rates in African hospitals for
severe acute malnutrition (SAM) remain unacceptably high,
especially in children complicated by HIV, invasive bacterial
disease or underlying medical complications [2,3]. Whilst out-
comes of cohorts of children managed for SAM in community-
based therapeutic facilities and nutritional centres in nutritional
emergency settings are favourable, there are important differences
to children presenting to hospital in areas with high rates of
endemic undernutrition. The latter are usually complicated by
serious co-morbidities, such as infection, which may underpin the
failure of current guidelines to improve outcome in that group

[4,5,6].

hydration continue to be controversial issues in the treatment of
severe malnutrition. In some studies, diarrhoea has been shown to
predict poor outcome, especially when complicated with other
features of severity [3,8], whereas other groups have shown little
impact upon successful rehabilitation [9]. We have previously
shown that both community- and nosocomially-acquired di-
arrhoea are major challenges to the successful management of
Kenyan children hospitalized with severe malnutrition, with the
highest mortality occurring in the groups with clinical signs of
severe dehydration and impaired perfusion [3].

Bacterial infection is more common in severe and compli-
cated malnutrition and thought to occur in part due to the
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immunosuppressive effects of malnutrition and in part due to
the loss of the protective mucosal barrier in the gastrointestinal
tract [10]. Children with severe malnutrition have a higher
prevalence of gut barrier dysfunction [7], Escherichia coli
bacteracmia (odds ratio 4.73 (95% confidence interval 3.15—
7.10) [11] and a higher mortality rate from invasive bacterial
infection than well nourished children with bacteraemia (39% vs
12%) [8].

There is a lack of systematic reporting of clinical and laboratory
data taken on admission to hospital to identify baseline risk factors
that allow comparative studies of the burden, spectrum and
outcome of severe malnutrition between hospitals. This frustrates
the development of meaningful conclusions about a priori risks
and the development of interventional research to target treatment
priorities. Identifying risk factors and causal events underpinning
these will help to inform prospective treatment studies or changes
In management to improve outcome. Here we present a de-
scription of children admitted to hospital with severe acute
malnutrition complicated by diarrhoea. The aim was to identify
risk factors at admission in this subgroup that indicate increased
risk of death during hospital stay.

Methods

Ethics Statement

The study was approved by the Kenyan Medical Research
Institute Scientific Steering Committee and National Ethics
Review Committee (protocol number 927).

The study was conducted at Kilifi District Hospital (KDH),
situated on the coast of Kenya, over a period of 4 years from June
6 2005 to June 5 2009. The characteristics of the study site,
population and hospital have previously been described [3,12]. All
children admitted to the ward were examined by a member of the
clinical research team. Children eligible for inclusion in the study
were those aged 6 months or more who had at least one feature of
severe malnutrition. Severe malnutrition was defined as either:
weight-for-height Z-score (WHZ, NCHS reference) <—3, or mid-
upper arm circumference (MUAC) <11 cm if length over 65 cm
[13] to define marasmus or kwashiorkor defined as symmetrical
pitting oedema involving at least the feet to define oedematous
malnutrition, excepting those with other conditions such as
nephrotic syndrome, irrespective of WHZ score or MUAC [14].
The only exclusion criterion was if the caretaker declined consent.
Parents or guardians of individual study participants had the study
explained in their own language and gave written informed
consent.

Full blood count, blood film for malaria parasites, plasma
creatinine and electrolytes, plasma glucose, blood gases, blood
culture and HIV rapid antibody test were collected at hospital
admission. Selected stool samples were examined for reducing
substances (using Clinitest tablets, Bayer, Elkhart, USA). Chest
x-rays, stool microscopy and culture were requested at the
discretion of the clinician. From November 2006 we imple-
mented an opt-out system for provider initiated prospective
HIV testing on admission following new recommendations by
Kenyan Ministry of Health. HIV status was determined by
antibody test and children with positive results were referred to
the HIV Comprehensive Care and Research Clinic. Blood
cultures were processed by a BACTEC 9050 system instrument
(Becton Dickinson, New Jersey, USA). Antibiotic sensitivity
testing of clinical isolates was performed in accordance with the
British Society for Antimicrobial Chemotherapy (BSAC, UK)
guidelines.
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Management

Children were treated according to WHO guidelines [7]. The
multi-disciplinary study team included clinical researchers, a nurse
coordinator, ward assistants, a nutritionist and a play therapist.
Heart rate, respiration rate, axillary temperature, oxygen satura-
tion (Nellcor), and presence of cold extremities were recorded
every 6 hours in the first 48 hours of admission then 12 hourly.
Blood glucose was also recorded 6 hourly for the first 48 hours.
Children were fed 4-hourly with F75 at 130 ml/kg/day until
appetite had improved and oedema had resolved, then they were
changed to F100 feeds in increasing amounts up to 200 ml/kg/
day as tolerated All milk feeds were freshly prepared every 4 hours
according to the recipes in the WHO manual [7], in a dedicated
milk kitchen by trained health staff, and included combined
commercially prepared mineral and vitamin mix. Intravenous
ampicillin (50 mg/kg 6 hourly) and gentamicin (7.5 mg/kg once
daily) were prescribed at admission after blood cultures had been
drawn. Antibiotic treatment was reassessed daily, based on clinical
condition in conjunction with culture and sensitivity results. Daily
clinical assessment was carried out by research medical staft’ and
entered directly onto a computer database during the ward round.
The child’s weight, type of feed (F75 or F100) and use of
nasogastric feeding tube were recorded daily as well as the
treatment plan for the next 24 hours. Dehydration was managed
according to WHO policy. ReSoMal (Nutriset, Malauny, France)
was provided for oral rehydration initially observed by nursing
staff. For children too weak or unable to rehydrate orally
a nasogastric tube was inserted for rehydration and feeding.
Carers were encouraged to give additional ReSoMal for every
loose stool. Intravenous rehydration was reserved for children with
impaired consciousness, persistent vomiting, and shock (defined by
the WHO 1in severe malnutrition as all of the following: altered
conscious level, capillary refill time more than 3 seconds, a weak
and fast pulse plus a temperature gradient (cool hands and/or
feet)). Half strength Darrow’s solution with 5% dextrose or Ringers
Lactate with 5% dextrose was prescribed and given according to
WHO treatment guidelines. We administered a potassium cor-
rection (0.4 mmol/kg/hour for 4 hours) to children with plasma
potassium less than 1.5 mmol/litre who had ECG changes
consistent with hypokalaemia.

Statistical Analysis

Baseline characteristics on admission were compared between
those with diarrhoea (defined as 3 or more watery stools per day)
and those without, to determine whether the groups differed from
cach other, and proportion, or median with interquartile ranges
presented. Bivariate variables were created for continuous data
(see Tables 1 and 2) including tachypnoea defined as 50 or more
breaths per minute (brpm) if aged less than 1 year and 40 or more
brpm if aged 1 year and over; and tachycardia defined as >160
beats per minute (bpm) if less than 1 year and >120 bpm if aged 1
year and over. Hypoxia was defined as oxygen saturation less than
95% on pulse oximetry. Severe dehydration was defined as 2 or
more of sunken eyes or decreased skin turgour or lethargy or
inability to drink.

The admission features were analysed to look for an
association with outcome among only those children with
diarrhoea and crude odds ratios for death with 95% confidence
intervals were obtained. Logistic regression analysis was used to
determine predictors of death in these children. Predictors that
were significant at the 10% level in the univariable analyses
were considered for inclusion in the multivariable regression
model. HIV antibody status was included in the model together
with a dichotomous variable for age, with a cutoff at 18
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months, the age below which positive serology may be due to
exposure, with passive transfer of maternal antibody, rather
than infection. It was expected that there would be marked
collinearity between many of the variables for clinical signs
assoclated with poor perfusion and dehydration. For variables
found to exhibit collinearity with each other, a single variable
chosen from them for in the multivariable
analysis. All statistical analyses were conducted in Stata version
10 (StataCorp LP, College Station, Texas, USA).

was inclusion
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Table 1. Frequency of baseline clinical features in 1206 severely malnourished children.

Observations No diarrhoea on admission Diarrhoea on admission
Admission Feature analyzed (n) n=613 (% of non diarrhoea) n=592 (% of diarrhoea) P value
Female 1203 293(48) 280(47) 0.840
Oedema 1203 266(43) 186(31) <0.001
MUAC <10 cm 1199 115(19) 142(24) 0.028
Hypothermia (axillary temp<35°C) 1205 1(0.2) 3(0.5) 0.3
Fever (axillary temp>37.5°C) 1205 265(43) 229(39) 0.110
Tachypnoea* 1188 184(30) 161(28) 0.270
Indrawing 1204 129(21) 84(14) 0.002
Hypoxia 1193 90(15) 64(11) 0.039
Bradycardia (<80 b.p. min) 1197 4(1) 5(1) 0.7
Tachycardia* 1197 176(29) 134(23) 0.014
Capillary refill time >2 seconds® 1204 23(4) 44(7) 0.005
Temperature gradient 1201 51(8) 74(13) 0.017
Weak pulse 1203 16(3) 46(8) <0.001
Wasting 1202 383(63) 394(67) 0.170
Deep breathing 1204 22(4) 66(11) <0.001
Lethargy 1203 46(8) 90(15) <0.001
Sunken eyes 1201 48(8) 209(35) <0.001
Reduced skin turgour 1203 47(8) 199(34) <0.001
WHO Shock® 1204 0 1(0.2) -
WHO Severe dehydration® 1206 37(6) 178(30) <0.001
Impaired consciousness® 1203 19(3) 29(5) 0.075
Danger signs® 1205 139(23) 181(31) 0.002
Hyponatraemia (<125 mmol/L) 1056 26(5) 61(12) <0.001
Hypokalaemia (<2.5 mmol/L) 1056 58(11) 182(35) <0.001
Elevated creatinine (>80 mmol/L) 1056 45(11) 63(16) 0.039
Hypoglycaemia (<3 mmol/L) 1105 87(15) 78(15) 0.790
Acidosis (base deficit >10 mmol/L) 1018 107(20) 206(42) <0.001
Bacteraemia 1206 38(6) 48(8) 0.200
Malaria parasitaemia 1201 126(21) 101(17) 0.120
Leucocytosis (wbc>12 x10%/L) 1186 324(54) 329(56) 0.370
Leucopenia(wbc<4x10°/L) 1186 15(2) 15(3) 0.930
Severe Anaemia(hb <5 g/dL) 1186 56(9) 16(3) <0.001
Died 1205 72(12) 122(21) <0.001
HIV antibody positive 1017 93(15) 136 (23) <0.001
HIV antibody not tested 1017 21(3) 46(8) 0.02
Tables 1 and 2 legend.
2APLS definition.
bImpaired consciousness = prostration or coma.
‘WHO definition of shock = impaired consciousness plus weak pulse volume plus CRT>3 seconds.
4WHO features of severe dehydration =2 or more of (sunken eyes or decreased skin turgour or lethargy or inability to drink).
€WHO Danger signs = Hypothermia or hypoglycaemia or lethargy.
doi:10.1371/journal.pone.0038321.t001

Results

In a 4-year period there were 12,857 paediatric admissions aged
6 months and above, of whom 1,628 (13%) fulfilled the
anthropometric criteria for severe malnutrition, and 1,206 (74%
of these, 9% of all admissions) were recruited to the study.
Fourteen parents refused consent (1% of those fulfilling entry
criteria) and 28 (2%) did not come with a guardian who could act
as a proxy for consent. The remaining 360 children were not
enrolled either because they were readmissions with severe
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malnutrition, their eligibility was not picked up at admission or
they were suspected to have an alternative primary diagnosis (non-
malnutrition cause of oedema).

General Characteristics

Overall, the median age was 22 months [interquartile range 15
to 34], 91% of children were less than 5 years old and 52% were
male. Oedematous malnutrition constituted 452 (38%) of the
cases. HIV status was available for 1017 (84%) of study patients:
229 (19% of 1,206) were antibody positive, of these 159 (16%)
were aged 18 months or more (HIV infected) and 70 (7%) were
aged less than 18 months and were considered as HIV exposed.
Overall, 194 (16%) children died during their hospital stay.
Twenty two of these deaths (11%) occurred within 48 hours of
admission. The children who were not recruited but fulfilled the
admission anthropometric criteria for the study had a median age
of 27 months (IQR 17 to 50) with a case fatality of 15%.

Within this cohort (n=1,206), five hundred and ninety two
children (49%) were admitted with a history of diarrhoea. The
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Table 2. Clinical and laboratory features by mortality of 592 children admitted with diarrhoea.
Odds ratio 95% Confidence

Admission feature Survived Died for death intervals P Value

n=470 % n=122 %
Sex (male vs female) 216 46 64 52 0.8 0.5,1.2 0.210
MUAC<10 cm 93 20 49 41 2.8 1.8, 43 <0.001
Oedema 136 29 50 41 1.7 1.1, 26 0.009
Fever 182 39 47 39 1.0 0.7, 1.6 0.980
Tachypnoea 128 28 33 27 1.0 06, 1.5 0.940
Indrawing 59 13 25 20 1.8 1.1, 3.0 0.025
Hypoxia 42 9 22 18 23 13, 4.1 0.003
Deep breathing 44 9 22 18 2.1 12,37 0.007
Temperature gradient 51 1 23 19 19 11,33 0.018
Weak pulse 27 6 19 16 3.0 1.6, 5.7 <0.001
Reduced skin turgour 151 32 48 39 1.4 0.9, 2.1 0.140
Sunken eyes 154 33 55 45 1.7 1.1, 25 0.012
Severe dehydration 130 28 48 39 1.7 11,26 0.012
CRT=2 seconds 25 5 19 16 33 17,33 <0.001
Lethargy 63 13 27 22 1.8 1.1,3.0 0.017
Impaired consciousness 14 3 15 12 4.6 2.1,99 <0.001
WHO Danger signs 128 27 53 43 2.1 14, 3.1 0.001
Hyponatraemia (<125 mmol/L) 38 9 23 21 2.6 15,47 0.001
Hypokalaemia (<2.5 mmol/L) 128 31 54 50 2.2 14,34 <0.001
Elevated creatinine (>80 mmol/L) 42 13 21 23 2.0 1.1, 36 0.021
Hypoglycaemia (<3 mmol/L) 59 14 19 17 13 0.7, 2.3 0.380
Acidosis (base deficit >10 mmol/L) 151 37 55 55 1.9 1.2, 3.0 0.003
Bacteraemia 24 5 24 20 43 23,81 <0.001
Malaria parasitaemia 92 20 9 7 03 0.2, 0.7 0.001
Leucocytosis (Whe>12x10%/L) 256 55 73 60 1.2 0.8, 1.8 0.330
Leucopenia (wbc<4x10%/L) 11 2 4 3 14 04, 45 0.570
Severe anaemia (hb <5 g/dL) 14 3 2 2 0.5 0.1, 24 0.410
HIV Antibody status Negative 308 65 67 55 1
Positive 107 23 29 24 1.2 0.8, 2.0 0.38
Not tested 55 12 26 21 22 13,37 0.0042
doi:10.1371/journal.pone.0038321.t002

median duration of diarrhoea before admission was 5 days (IQR 3,
14 days) and of those with diarrhoea only 86 (15%) children had
chronic diarrhoea persisting for more than 14 days. Oedema was
less prevalent in cases with diarrhoea than non-diarrhoeal cases
(see Table 1) Clinical features of impaired perfusion and acidotic
breathing, as well as signs of severe dehydration, were more
common in children admitted with diarrhoea than non-diarrhoeal
cases (Table 1). Of the WHO danger signs, lethargy was more
prevalent in diarrhoea cases (15%) than non-diarrhoea cases (8%)
whereas hypothermia or the strict WHO definition of shock were
rare (<0.5%) in all children. Hypoglycaemia at admission (blood
glucose <3.0 mmol/l) was equally common in the two groups.

Outcome

One hundred and twenty two of the children admitted with
diarrhoea died (21%) compared to 72/614 (12%) without
diarrhoca on admission (X*=17.6 p<<0.001). A further 187
(16%) children admitted without diarrhoea developed diarrhoea
(> than 3 loose watery motions) more than 48 hours after
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admission of whom 33/187 died (18%). The mortality for children
who had diarrhoea at any time during their admission 161/852
(19%) was significantly higher than those whose hospital stay was
not complicated by diarrhoea 33/351 (9%) (X*=16.6 p<<0.001).

The timing of death differed between diarrhoea and non-
diarrhoea groups (Figure 1) log-rank p-value<<0.001.

Risk Factors for Mortality

Admission characteristics were compared between survivors and
fatal cases in children admitted with a history of diarrhoea
(Table 2). One hundred and seventy eight children (30%) admitted
with a history of diarrhoea had signs of severe dehydration. Severe
dehydration was associated with a higher risk of death (crude odds
ratio 1.7; 95% CI 1.1, 2.6; p=0.012), Markers of impaired
perfusion (including any one of delayed capillary refill 3 or more
seconds, temperature gradient or weak pulse volume), hypona-
traemia, hypokalaemia or high creatinine (a marker of renal
perfusion) were more common in fatal cases and increased the risk
of death (see Table 2). Of the WHO malnutrition-specific danger
signs (lethargy, hypothermia or hypoglycaemia), only lethargy was
discriminatory for outcome.

Bacteraemia, detected by admission blood culture, was a major
risk factor for death in those admitted with diarrhoea (crude Odds
Ratio (OR) =4.3; 95% C.I2.3, 8.1 p<<0.001); of all the fatalities
24/122 (20%) had a positive admission blood culture. For children
admitted with diarrhoea there was no difference in the crude odds
ratio of dying associated with HIV status (O.R =1.2 95% C.10.8,
2.0 p=0.38) among those tested; however those not tested were at
a higher risk of dying (OR 2.2 95% C.I 1.3, 3.7 p=10.004).

The development of signs of shock indicating the need for
intravenous rehydration occurred in 156 (26%) children who had
diarrhoea. This group was characterised by a high prevalence of
hypokalaemia (<2.5 mmol/L 90 (58%)), raised creatinine
(>80 mmol/L 55 (35%)) and severe acidosis (base ex-
cess<—10 mmol/L 49 (31%)). Outcome was poor: 68 (44%) died.

Multivariable Analysis

The wvariables significantly associated with death in the
multivariable analysis are shown in Table 3. Children with
bacteraemia or hyponatraemia had the greatest odds of dying

(adjusted OR 6.1 95%CI 2.3, 16.3 P=<0.001 and 4.6 95%CI
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2.0, 10.6 P<<0.001 respectively). Other predictors of death in
children admitted with diarrhoea included having a MUAC below
10 cm, hypoxia, hypokalaemia and oedema. The variables for
HIV serology and age were displaced from the final model during
the regression analysis.

Bacterial Isolates and Reducing Substances

Admission blood culture isolates amongst children admitted
with SAM and diarrhoea are shown in Table 4. The most
common organisms were Streptococcus pneumoniae (27%), Escherichia.-
coli (19%) and Salmonella species (15%). Blood cultures taken later
on in the hospital stay (n =240) were positive in 23/592 children
with diarrhoea at admission compared to 12/614 children in those
without (X*=4.0 p=0.05). Post-admission isolates (nosocomial)
were predominantly Gram-negative (83%) compared to only 54%
of admission blood culture isolates. The main organisms re-
sponsible for nosocomial-acquired infection were FE.coli (39%),
Klebsiella species (22%) and Pseudomonas species (17%).

In vitro testing of admission blood culture isolates from patients
admitted with diarrhoea against the standard WHO recom-
mended antibiotic combination of ampicillin and gentamicin
demonstrated that 67% (32/48) were sensitive to first line
antibiotics; 90% were sensitive to the second line antibiotic
chloramphenicol; 71% of isolates were sensitive to ceftriaxone and
80% to ciprofloxacin. In 48 children with bacteraemia and
diarrhoea at admission, 24 died (50%). Isolates from post-
admission blood cultures were less sensitive to commonly used
antibiotics: of the 23 tested from patients admitted with diarrhoea
only 35% were sensitive to the ampicillin and gentamicin
combination, 37% to chloramphenicol, 32% to ceftriaxone and
44% to ciprofloxacin. Mortality was high in this group: 14/23
(61%).

Stool culture was not routinely performed, but was requested in
151 cases due to bloody diarrhoea, high-output severe diarrhoea
or refractory diarrhoea (29 were repeated stool cultures).
Pathogens were only cultured in 7 specimens from 7 children;
Shigella flexner: 4, Salmonella 2 and Campylobacter 1. Stools were tested
for reducing substances in 111 of the diarrhoea cases on the day of
admission, usually before milk feeding. These were positive in 8%
(9/111) of which 2 children died.

No diarrhoea

Diarrhoea

Logrank p=0.001

0 10 ) .20
Days since admission

30

Figure 1. Kaplan-Meier plot of survival time of children with SAM admitted with and without diarrhoea.

doi:10.1371/journal.pone.0038321.g001
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Discussion

We have shown that diarrhoea is a common complication (49%)
in children hospitalised with severe acute malnutrition. Overall,
mortality for children who had diarrhoea at any time during their
admission was significantly higher (19%) than the mortality
without diarrhoea (9%). Many children who were admitted with
diarrhoea had concurrent features of severe dehydration, impaired
perfusion or severe metabolic acidosis- mortality in this group was
substantial. Of note was that only one patient at admission met the
strict WHO shock criteria and thus eligible for fluid resuscitation.
Bacteraemia and hyponatraemia were the factors associated with
the highest risk of death, irrespective of HIV or MUAC status.

Table 4. Blood culture isolates in children admitted with
diarrhoea.

Post-admission
Isolates N (%)

Admission

Organism Isolates N (%)

Gram negative

Escherichia coli 9 (19) 9 (39)
Salmonella spp 7 (15) -
Klebsiella spp 2 (4) 5(22)
Haemophilus influenzae 2 (4) =
Acinetobacter spp 3 (6) -
Pseudomonas spp 1(2) 4(17)
Aeromonas hydrophila 1(2) -
Morganella morganii 1(2) -
Proteus mirabilis - 1(4)
Subtotal 26 (54) 19 (83)

Gram positive

Streptococcus pneumoniae 13 (27) -
Staphylococcus aureus 4 (8) 1(4)
Streptococcus group A 12 -
Streptococcus group D 2 (4) 3(13)
Streptococcus group G 2 (4 =
Subtotal 22 (46) 4(17)
Total 48 (100) 23 (100)

doi:10.1371/journal.pone.0038321.t004

@ PLoS ONE | www.plosone.org

Table 3. Multivariable logistic regression variables associated with death in children with severe malnutrition and diarrhoea at
admission.

Model including MUAC Model excluding MUAC
Variable Odds Ratio 95% Confidence Interval P value Odds Ratio 95% Confidence Interval P value
Bacteraemia 6.1 23,163 <0.001 6.7 25178 <0.001
Hyponatraemia 4.6 2.0, 10.6 <0.001 4.9 22,111 <0.001
MUAC <10 cm 35 1.9, 6.5 <0.001
Hypoxia 2.6 1.1, 6.1 0.033 25 1.1,5.8 0.03
Hypokalaemia 25 13,46 0.004 23 13, 4.2 0.007
Oedema 2.1 1.1, 4.0 0.019 1.9 1.03.4 0.045
Different models with and without low MUAC were tested because MUAC has been reported to vary with hydration status.
doi:10.1371/journal.pone.0038321.t003

Our cohort had a lower mortality in the first 48 hours of
admission (11%) than the cohort of severely malnourished children
admitted to our hospital between September 2000 and June 2002
(33%,X? = 26.6 p<<0.001) previously described. [3] This may have
resulted from improved emergency triage and early supportive
treatment, however mortality during hospital stay (16%) was
similar to the earlier cohort (19%, X*=3.4, p=0.07).

Stool culture data from a small proportion (13%) did not allow
us to describe the population prevalence of pathogenic diarrhoea;
however the results in those children with stool microbiological
data suggested that a primary bacterial actiology for diarrhoea was
infrequent, unlike cohorts described in Bangladesh [15,16] where
Vibrio cholerae and Shigella species were common. The possibility
exists that delays in sample transfer and processing may have
resulted in a low isolation rate of pathogens. More likely
explanations are pre-hospital use of antibiotics or associated
enteropathy which has been described in other populations [17].
Concomitant bacteraemia was common (7%) in all children
admitted with malnutrition but had no particular association with
diarrhoea at admission. However, bacteraemia even on appropri-
ate antimicrobial treatment, remained the greatest independent
risk factor for death in those admitted with diarrhoea (adjusted
OR =6.1; 95% C.I 2.3, 16.3). Although bacteraemia was less
common in our unselected cohort of hospitalized severely
malnourished children than that described by Bachou in
Kampala, Uganda (17%), in both studies the proportions of
Gram-negative and Gram-positive organisms were similar [18].

The antimicrobial sensitivities of admission blood culture
isolates to the first line combination of ampicillin and gentamicin
were only 67%. This proportion was similar to findings of
a previous study examining antimicrobial sensitivities of invasive
gram negative bacterial isolates in children admitted to our
hospital between 1994 to 2001 showing that 73% were sensitive to
gentamicin [19]. In both studies we found no effect of resistance
on mortality. In the current study non-typhoidal Salmonellae (N'T'S)
were the second most common Gram-negative blood culture
isolates. Gentamicin, although not indicated by sensitivity testing,
is not recommended for treatment of N'T'S since it is poorly active
against such intracellular organisms. For all Gram-negative
organisms sensitivities were greatest to ciprofloxacin. We have
previously shown that the bioavailability and pharmacokinetics of
a 30 mg/kg/day oral preparation of this drug in severely
malnourished children indicates adequate (>80%) cumulative
fraction of response for L. coli, Klebsiella pneumoniae and Salmonella
species, but poor (60%) for Pseudomonas aeruginosa. [20,21].
Prognosis was extremely poor in cases complicated by hospital-
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acquired bacteraemia; case fatality was 61%, emphasizing the
importance of effective hospital infection control measures for
severely malnourished children [22]. Children with severe
malnutrition complicated by diarrhoea are cohorted in a dedicated
area of the ward. Medical and nursing staff undergo regular
training on handwashing and prevention of cross-infection.

We suspected that impaired gut barrier function may be
prevalent in our population with severe malnutrition owing to the
poor outcome in those with diarrhoea and the development of
purging diarrhoeca on nutritional rehabilitation. Although not
systematically tested, reducing substances (indicating disaccharide
intolerance), were only present in 8% of stools taken at admission
but this usually preceded a lactose challenge, thus the true
prevalence was likely to be underestimated. In malnourished
Ugandan children higher mean stool frequency was found to be an
independent predictor of lactose intolerance [23]. In Malawian
children with kwashiorkor there was a higher prevalence of gut
barrier dysfunction, defined by decreased absorption of L-
rhamnose and increased permeation of lactulose in cases with
diarrhoea and fatal outcome [10]. In Australian Aboriginal
children who were underweight, osmotic diarrhoea was a common
complication and linked to lactose intolerance and increased
intestinal permeability leading to severe purging, hypokalaemia
and metabolic acidosis [24]. In these children a low osmolarity,
low lactose milk formula resulted in significantly better weight gain
than either a low lactose or partially hydrolysed milk formula (both
having higher osmolarities) [25]. A Zambian controlled trial of 4
weeks’ feeding with an amino acid-based elemental feed in
severely malnourished or underweight children with persistent
diarrhoea found better weight gains and greater increases in
haemoglobin level than in children fed on cow’s milk or soya based
formulas [26]. Taken together there appears to be mounting
evidence to support the adverse outcome in children with SAM
complicated by diarrhoea. Impaired brush barrier function of the
small intestine may be more common than previously considered -
indicated by lactose intolerance and other markers of impaired
permeability in previous studies and the increased susceptibility to
Gram-negative bacteraemia in our study. We hypothesise that the
osmolarity and lactose content of the milk-based feeds are
important factors underpinning the development of severe, high
output, osmotic diarrhoea with life-threatening consequences and
prolongation of rate of recovery. The osmolarity of 75 and F100
milk formulas, including both commercially-produced and milk
formulae prepared locally in accordance to standard recommen-
dations, were measured serially over one year and were found to
be hyperosmolar (means 333 and 550 milliosmoles/litre re-
spectively).

One of the greatest challenges to successful treatment of
malnourished children with diarrhoea was the management of
severe dehydration and/or shock. Under the current guidelines for
severely malnourished children, dehydration is managed on oral
replacement with low sodium rehydration solution (ReSoMal).
Intravenous fluid resuscitation is reserved for children with
advanced shock (impaired consciousness plus three signs of
impaired perfusion) only and with no consideration for re-
hydration. The high mortality of children managed on WHO
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therapeutic strategies to treat the gut dysfunction associated with
malnutrition.

Acknowledgments

The authors thank all the study participants, their carers, nursing and
clinical staff and research staff involved in the study. They thank the
Director of KEMRI for permission to publish this paper.

Author Contributions

Conceived and designed the experiments: AT SA JB KM. Performed the
experiments: AT NT JK CC JA CT SA. Analyzed the data: AT NT EO
KM. Wrote the paper: AT NT JK CC EO JI JB CT SA KM.

3. Maitand K, Berkley JA, Shebbe M, Peshu N, English M, et al. (2006) Children
with severe malnutrition: can those at highest risk of death be identified with the
WHO protocol? PLoS Med 3: ¢500.

4. Heikens GT (2007) How can we improve the care of severely malnourished
children in Africa? PLoS Med 4: e45.

June 2012 | Volume 7 | Issue 6 | e38321



6.

Heikens GT, Bunn J, Amadi B, Manary M, Chhagan M, et al. (2008) Case
management of HIV-infected severely malnourished children: challenges in the
arca of highest prevalence. Lancet 371: 1305-1307.

Irena AH, Mwambazi M, Mulenga V (2011) Diarrhea is a major killer of
children with severe acute malnutrition admitted to inpatient set-up in Lusaka,
Zambia. Nutr J 10: 110.

WHO (1999) Management of severe malnutrition: a manual for physicians and
other senior health workers.

Brewster DR (2006) Critical appraisal of the management of severe
malnutrition: 3. Complications. J Paediatr Child Health 42: 583-593.
Waterlow J (1999) Treatment of children with malnutrition and diarrhoea.
Lancet 354: 1142.

Brewster DR, Manary M]J, Menzies IS, O’Loughlin EV, Henry RL (1997)
Intestinal permeability in kwashiorkor. Arch Dis Child 76: 236-241.

Berkley JA, Lowe BS, Mwangi I, Williams T, Bauni E, et al. (2005) Bacteremia
among children admitted to a rural hospital in Kenya. N Engl J Med 352:
39-47.

O’Meara WP, Bejon P, Mwangi TW, Okiro EA, Peshu N, et al. (2008) Effect of
a fall in malaria transmission on morbidity and mortality in Kilifi, Kenya.
Lancet 372: 1555-1562.

Myatt M, Khara T, Collins S (2006) A review of methods to detect cases of
severely malnourished children in the community for their admission into
community-based therapeutic care programs. Food Nutr Bull 27: S7-23.
Berkley J, Mwangi I, Griffiths K, Ahmed I, Mithwani S, et al. (2005) Assessment
of severe malnutrition among hospitalized children in rural Kenya: comparison
of weight for height and mid upper arm circumference. JAMA 294: 591-597.

. Ahmed T, Ali M, Ullah MM, Choudhury IA, Haque ME, et al. (1999) Mortality

in severely malnourished children with diarrhoea and use of a standardised
management protocol. Lancet 353: 1919-1922.

. Alam NH, Islam S, Sattar S, Monira S, Desjeux JF (2009) Safety of rapid

intravenous rehydration and comparative efficacy of 3 oral rehydration solutions
in the treatment of severely malnourished children with dehydrating cholera.
J Pediatr Gastroenterol Nutr 48: 318-327.

Rohner P, Pittet D, Pepey B, Nije-Kinge T, Auckenthaler R (1997) Etiological
agents of infectious diarrhea: implications for requests for microbial culture.
J Clin Microbiol 35: 1427-1432.

@ PLoS ONE | www.plosone.org

20.

23.

24.

26.

27.

28.

Diarrhoea Complicating Severe Acute Malnutrition

Bachou H, Tylleskar T, Kaddu-Mulindwa DH, Tumwine JK (2006)
Bacteraemia among severely malnourished children infected and uninfected
with the human immunodeficiency virus-1 in Kampala, Uganda. BMC Infect
Dis 6: 160.

Bejon P, Mwangi I, Ngetsa C, Mwarumba S, Berkley JA, et al. (2005) Invasive
Gram-negative bacilli are frequently resistant to standard antibiotics for children
admitted to hospital in Kilifi, Kenya. J Antimicrob Chemother 56: 232-235.
Muchohi SN, Thuo N, Karisa J, Muturi A, Kokwaro GO, et al. (2011)
Determination of ciprofloxacin in human plasma using high-performance liquid
chromatography coupled with fluorescence detection: application to a population
pharmacokinetics study in children with severe malnutrition.
J Chromatogr B Analyt Technol Biomed Life Sci 879: 146-152.

Thuo N, Ungphakorn W, Karisa J, Muchohi S, Muturi A, et al. (2011) Dosing
regimens of oral ciprofloxacin for children with severe malnutrition: a population
pharmacokinetic study with Monte Carlo simulation. J Antimicrob Chemother.

. Aiken AM, Mturi N, Njuguna P, Mohammed S, Berkley JA, et al. (2011) Risk

and causes of paediatric hospital-acquired bacteraemia in Kilifi District
Hospital, Kenya: a prospective cohort study. Lancet 378: 2021-2027.

Nyeko R, Kalyesubula I, Mworozi E, Bachou H (2010) Lactose intolerance
among severely malnourished children with diarrhoea admitted to the nutrition
unit, Mulago hospital, Uganda. BMC Pediatr 10: 31.

Kukuruzovic RH, Brewster DR (2002) Small bowel intestinal permeability in
Australian aboriginal children. J Pediatr Gastroenterol Nutr 35: 206-212.
Kukuruzovic RH, Brewster DR (2002) Milk formulas in acute gastroenteritis
and malnutrition: a randomized trial. J Paediatr Child Health 38: 571-577.
Amadi B (2002) Role of food antigen elimination in treating children with
persistent diarrhea and malnutrition in Zambia. ] Pediatr Gastroenterol Nutr 34
Suppl 1: $54-56.

Alam NH, Hamadani JD, Dewan N, Fuchs GJ (2003) Efficacy and safety of
a modified oral rehydration solution (ReSoMal.) in the treatment of severely
malnourished children with watery diarrhea. J Pediatr 143: 614-619.

Akech SO, Karisa ], Nakamya P, Boga M, Maitland K (2010) Phase II trial of
isotonic fluid resuscitation in Kenyan children with severe malnutrition and
hypovolaemia. BMC Pediatr 10: 71.

Maitland K, Kiguli S, Opoka RO, Engoru C, Olupot-Olupot P, et al. (2011)
Mortality after fluid bolus in African children with severe infection. N Engl ] Med
364: 2483-2495.

June 2012 | Volume 7 | Issue 6 | e38321



