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des mesures anthropométriques plutdt que des signes cliniques

Rainer Tan 12, Frank Kagoro®, Gillian A. Levine?, John Masimba® Josephine Samaka®*, Willy
Sangu®, Blaise Genton*?, Valérie D'Acremont!?, Kristina Keitel?®

unité de santé digitale et globale, Centre universitaire de médecine générale et santé
publique (Unisanté), Université de Lausanne, Suisse

2Institut Suisse de médecine tropicale et santé publique, Bale, Suisse

3Ifakara Health Institute, Dar es Salaam, Tanzania

4Amana Hospital, Dar es Salaam, Tanzania

®Dar es Salaam City Council, Dar es Salaam, Tanzania

Département d’urgences pédiatriques, Inselspital, Berne, Suisse

Les enfants avec une malnutrition sont plus a risques d’infections et ont des outcomes
cliniques plus sévéres que les enfants sans malnutrition.

Nous avons effectué une analyse en sous-groupes post-hoc d’enfants avec fievre et
malnutrition sévere inclus dans une étude randomisée prenant lieu dans des centres de soins
primaires en Tanzanie. Les outcomes cliniques d’enfants sévérement malnutris ont été
compares entre deux algorithmes cliniques diagnostiques électroniques ; ePOCT, qui a utilisé
les parametres poids-pour-age et circonférence du bras pour identifier et prendre en charge la
malnutrition sévere, et ALMANACH, qui a utilisé les signes cliniques d’cedéme des deux
pieds et amaigrissement visible sévére. Tous les enfants avec une malnutrition sévere
diagnostiquée par les deux algorithmes ont bénéficié¢ d’un traitement antibiotique et ont été
adressés a 1’hopital. ePOCT a identifié 56/57 des enfants avec malnutrition sévére avec des
mesures anthropométriques, et ALMANACH a identifié 2/49 enfants avec malnutrition sévere
avec des signes cliniques. La proportion d’échec clinique (développement de symptoéme
sévere avant le 7éme jour suite a la premiére prise en charge ou persistance de symptéme au
7¢™¢ jour, était de 1.8% (1/56) dans le groupe ePOCT versus 16.7% (8/48) dans le groupe
ALMANACH (différence de risque -14.9%, 95% CI -26.0%, -3.8%; risk ratio 0.11, 95% ClI
0.01, 0.83).

Utiliser des mesures anthropométriques pour identifier et prendre en charge les enfants
avec de la fievre et une malnutrition sévere a possiblement induit des meilleurs outcome
cliniques qu’en utilisant des signes cliniques seuls.
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Clinical Outcome of Febrile Tanzanian Children with Severe Malnutrition Using Anthropometry in
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Abstract.  Children with malnutrition compared with those without are at higher risk of infection, with more severe
outcomes. How clinicians assess nutritional risk factors in febrile children in primary care varies. We conducted a post hoc
subgroup analysis of febrile children with severe malnutrition enrolled in a randomized, controlled trial in primary care
centers in Tanzania. The clinical outcome of children with severe malnutrition defined by anthropometric measures and
clinical signs was compared between two electronic clinical diagnostic algorithms: ePOCT, which uses weight-for-age
and mid-upper arm circumference to identify and manage severe malnutrition, and ALMANACH, which uses the clinical
signs of edema of both feet and visible severe wasting. Those identified as having severe malnutrition by the algorithms in
each arm were prescribed antibiotics and referred to the hospital. From December 2014 to February 2016, 106 febrile
children were enrolled and randomized in the parent study, and met the criteria to be included in the present analysis.
ePOCT identified 56/57 children with severe malnutrition using anthropometric measures, whereas ALMANACH iden-
tified 2/49 children with severe malnutrition using clinical signs. The proportion of clinical failure, defined as the devel-
opment of severe symptoms by day 7 or persisting symptoms at day 7 (per-protocol), was 1.8% (1/56) in the ePOCT arm
versus 16.7% (8/48) in the Algorithm for the MANagement of Childhood ilinesses arm (risk difference —14.9%, 95%
Cl -26.0%, —3.8%; risk ratio 0.11, 95% CI 0.01, 0.83). Using anthropometric measures to identify and manage febrile

children with severe malnutrition may have resulted in better clinical outcomes than by using clinical signs alone.

INTRODUCTION

Malnutrition affects more than 150 million children aged less
than 5 years around the world" and has been suggested to
reduce host defense and favor microbial translocation,?3
leading to much higher incidence of infections in malnourished
than well-nourished children.2*=8 Furthermore, infections are
often more severe among malnourished children, with higher
mortality rates among malnourished children than children
without malnutrition,”~"" contributing to 14% of child mortality
worldwide.'? Complicating matters for clinicians is the fact
that children with malnutrition present fewer clinical signs
suggestive of serious infections than do children who are
better nourished.?®

Whereas substantial research has concentrated on pre-
venting infections in children identified as having severe
malnutrition, the point of entry into care is often the reverse:
children present with an acute complaint to a primary care
provider, who must then identify malnutrition as a risk factor
for more severe outcomes. How primary care providers as-
sess malnutrition in acute care settings varies widely.

The 2008 Integrated Management of Childhood lliness
(IMCI) guideline by the WHO for primary care providers in low-
resource settings first proposed the classification of severe
malnutrition necessitating referral to a hospital for children
with visible severe wasting or edema of both feet.’® In 2009,
the WHO and United Nations Children’s Fund updated the
recommendations for the diagnostic criteria for severe acute
malnutrition, which was later included in the 2014 Integrated

*Address correspondence to Rainer Tan, Global and Digital Health
Unit, Center for Primary Care and Public Health (Unisanté), Rue de
Bugnon 44, Lausanne 1011, Switzerland. E-mail: rainer.tan@
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Management of Neonatal and Childhood lliness (IMNCI)
guideline.'® They proposed the use of anthropometric
measures (weight-for-height [WFH] or mid-upper arm cir-
cumference [MUAC]) and edema of both feet to identify chil-
dren with severe acute malnutrition, and further stratify those
who need to be referred: complicated or uncomplicated
(Table 1). In reality however, primary care providers in low-
resource settings rarely take anthropometric measures.
Height measurements specifically are logistically challenging
to accurately assess in the short consultation time available,
and height measurement devices may not be available and are
overall judged as not feasible by pediatric experts in low-
resource settings.'®~'® Mid-upper arm circumference and, to
a lesser extent, weight-for-age (WFA) were found to be better
than WFH for classifying malnutrition in terms of age in-
dependence, precision, accuracy, sensitivity, and specific-
ity,2° and better or as well as WFH in predicting mortality.2'%
Meanwhile, the use of clinical signs alone for the detection of
severe malnutrition (visible wasting and edema) by low-level
health workers was found to be inaccurate, missing approxi-
mately half of children with severe malnutrition based on an-
thropometric measures or expert examination.*2* Based on
this evidence, WFA and MUAC were selected to assess nu-
tritional status within a novel electronic clinical decision al-
gorithm (eCDA) designed for the management of febrile
children at the primary care level (ePOCT).2®

The aim of this post hoc subgroup analysis of patients with
fever and severe malnutrition as defined by a combination of
anthropometric measures and clinical signs was to compare
the identification and clinical outcomes using two different
clinical algorithms: ePOCT algorithm, which uses WFA and
MUAC, and Algorithm for the MANagement of Childhood ill-
nesses (ALMANACH), which uses clinical signs alone. We
hypothesized that the ePOCT algorithm would identify more


mailto:rainer.tan@unisante.ch
mailto:rainer.tan@unisante.ch

428 TAN AND OTHERS

TaBLE 1
Classification of severe malnutrition

Source Label

Definition Need for hospital referral

Subgroup analysis study definition Severe malnutrition

WFA < -3 z-scores* or Yes
MUAC < 11.5cmt or
Visible severe wasting or

Edema of both feet

ePOCT Severe malnutrition WFA < -3 z-scores * or Yes
MUAC < 11.5cmt

ALMANACH Severe malnutrition Visible severe wasting or Yes
Edema of both feet

Integrated Management of Childhood Severe malnutrition Visible severe wasting or Yes

lliness (IMCI) 2008% Edema of both feet

IMNCI 2014§ Uncomplicated severe acute malnutrition WFH/L < -3 z-scores§ or No
MUAC < 11.5cmt or
Able to finish RUTF

IMNCI 2014% Complicated severe acute malnutrition Edema of both feet or Yes

WFH/L < -3z-scores or MUAC < 11.5cm,
and any of the following: /|
Medical complication present
Unable to finish RUTFYq
Breastfeeding problem

* WFA is weight-for-age determined by using the WHO growth standards charts.

T MUAC is mid-upper arm circumference measured only in children aged 6 months or older.

1 At the time of the study, Integrated Management of Childhood lliness 200 was in use in Tanzania.

§ IMNCl is Integrated Management of Childhood and Neonatal liness by the WHO.

|| WFH/L is weight-for-height or weight-for-length determined using the WHO growth standards charts.
4 RUTF is ready-to-use therapeutic food for conducting the appetite test and feeding children with severe acute malnutrition.

children with severe malnutrition than would ALMANACH and

that identification would improve clinical management in this

high-risk group, thus resulting in superior clinical outcomes
among children managed with ePOCT than ALMANACH.
Key messages.

1. Children with malnutrition are at higher risk of infection, with
more severe outcomes, yet assessment of malnutrition in
acute care settings varies widely.

2. Anthropometric measures of WFA and MUAC identified
more children with severe malnutrition than clinical signs
(visible wasting and edema of both feet) alone.

3. Systematically identifying and managing severe malnutri-
tion based on WFA and MUAC in children with acute febrile
illness resulted in better clinical outcomes.

4. Systematic screening for malnutrition using anthropometric
measurements should be implemented in the primary care
management of children with acute infections.

METHODS

Study design. This was a post hoc subgroup analysis of
children with severe malnutrition from within an open-label
randomized controlled non-inferior trial that compared a novel
eCDA using point of care tests (ePOCT) with a validated eCDA
derived from IMCI 2008 (ALMANACH) when managing febrile
children aged less than 5 years.2® The overall aim of the parent
study was to compare clinical outcome and antibiotic pre-
scription between both eCDAs. The study was conducted at
nine public outpatient clinics in the city of Dar es Salaam,
Tanzania. The overall methods and results of this trial are re-
ported elsewhere.?® The protocol, statistical analysis plan,
and CONSORT checklist are available in the supporting files of
the main publication.2®

Ethics. The study protocol and related documents were
approved by the Institutional Review Board of the Ifakara

Health Institute and by the National Institute for Medical Re-
search Review Board in Tanzania, by the Ethikkommission
beider Basel in Switzerland, and by the Boston Children’s
Hospital Ethical Review Board.

Participants. Consecutive patients presenting during nor-
mal business hours were screened for eligibility. For the main
trial, the inclusion criteria were age 2-59 months, history of
fever for more than 7 days or less, and axillary temperature
> 37-5°C. Exclusion criteria were weight < 2.5 kg, main com-
plaint as injury or acute poisoning, and previous medical care
for the present iliness. There were, however, no children older
than 2 months with weight less than 2.5 kg who were ex-
cluded. Children were enrolled if the guardian signed a de-
tailed written informed consent. For this subgroup analysis,
we included all children with severe malnutrition, defined as
WFA less than -3 z-scores calculated using the WHO growth
standards?®; children aged >/ = 6 months with mid-upper arm
circumference less than 11.5 cm; or children with clinical signs
of severe malnutrition (visible severe wasting or edema of both
feet) (Table 1). The use of the term severe malnutrition in this
article, therefore, includes all the definitions outlined in
Table 1, including severe acute malnutrition. The main study
also included a routine care cohort; this cohort was not used
for this subgroup analysis because routine clinicians did not
systematically record anthropometric or clinical signs of
malnutrition.

Randomization. Patients were enrolled by the study clini-
cians and individually randomized to one of the management
arms in blocks of four according to a computer-generated list
provided by an independent, off-site researcher. Sealed,
opaque forms were used for allocation concealment and
opened only after the patient’s enroliment.

Procedures. The intervention consisted in having study
clinicians use the ePOCT eCDA (intervention arm) or
ALMANACH eCDA (control arm) during the consultation to
manage the patient. The development and content of the
ePOCT and ALMANACH management algorithms are
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described elsewhere.?%2” The overall goal of the algo-
rithms was to better manage children with an acuteillness.
Identification of severe malnutrition was part of the many
assessments carried out within the algorithms to improve
clinical care. Weight and MUAC were measured in pa-
tients at enrollment and clinical signs for malnutrition
recorded (visible severe wasting/edema). The ePOCT
eCDA classified children with severe malnutrition using
the combination of anthropometric measures of very low
WFA < -3 z-scores and/or MUAC < 11.5 cm for patients
aged >/ = 6 months. The ALMANACH classified severe
malnutrition using the clinical signs of “visible severe
wasting” or “edema of both feet’”as per WHO 2008 IMCI
guidelines used at the time in Tanzania (Table 1).'3 Al-
though IMCI 2008 and ALMANACH used WFA to identify
children in need of nutritional counseling, this did not alter
the management of the acute febrile illness. Mid-upper
arm circumference was, thus, recorded for research pur-
poses only in the ALMANACH arm, whereas clinical signs
were only recorded for research purposes in the ePOCT
arm. Training and provision of standard operating pro-
cedures on the correct measurement of anthropometric
measures were provided to all study clinicians. A standard
MUAC measurement tape was provided, and weight
scales were calibrated daily with standard calibration
weights.

In the ePOCT arm, children identified as having severe
malnutrition received per os (PO) amoxicillin (intramuscular
[IM] ceftriaxone if unable to take PO medications), along with
correction of low blood sugar and oral rehydration, and were
referred to the hospital. In the ALMANACH arm, IM ceftriax-
one, prevention of low blood sugar, and urgent referral to the
hospital were part of the management of severe malnutrition.
After identification, management, and referral for severe mal-
nutrition by each respective algorithm, not all investigations
for other severe diseases were performed. Patients referred to
the hospital were admitted and managed at the discretion of
the hospital personnel. For referred patients who were not
admitted and those discharged after hospitalization, oral
amoxicillin was continued for a total of 7 days, and enrollment
in an outpatient therapeutic feeding program was initiated at
the discretion of the hospital clinicians. The proportion of

children enrolled in an outpatient therapeutic feeding program
was not collected.

Laboratory point-of-care tests were performed on-site
according to the recommendation given by the assigned
eCDAs. Malaria rapid diagnostic test (mRDT) was carried out
for all patients in both arms using either the SD BIOLINE
Malaria Ag P.f/Pan™ (Standard Diagnostics Inc., Gyeonggi-
do, Republic of Korea) or the CareStart Malaria HRP2™ (Ac-
cess Bio, Inc., Sommerset, NJ) assay. Voluntary screening for
HIV antibodies using the Determine™ HIV-1/2 (Alere Inc.,
Waltham, MA) assay was offered to all patients in both arms
when HIV test kits were available at the health facilities.

All caregivers were asked to return with the child for a
scheduled visit on day 3 (D3) and D7 post-randomization (DO),
or at any time if the parent was concerned about the child’s
condition. Patients cured at D3 (see Table 2 for definition of
clinical failure/not cured) were followed up by a phone call on
D7. Field workers traced patients missing on the D7 visit.
Patients not cured at D3 were managed again according to the
assigned eCDA and returned at D7, whereas patients not
cured at D7 were treated according to the clinician’s judg-
ment; however, children with persisting fever without focal
clinical signs systematically received ciprofloxacin in both
arms. Those not cured at D7 had another follow-up visit on
D14 to assure that the child was cured. All patients were called
by telephone on D30 to inquire about interim hospitalizations
or deaths.

Outcomes. The primary outcome measure was the pro-
portion of children with clinical failure (see definition in Table 2)
by D7. At follow-up, clinicians recorded the variables that were
used to calculate the criteria for clinical failure according to
Table 2. (These variables were either already part of the eCDA
assessment or otherwise recorded on paper forms.) However,
the clinicians were unaware of the study criteria for clinical
failure and how the variables recorded were used to calculate
study outcomes. The study outcomes were not used to decide
on patient management.

The secondary outcome measures were the proportion of
primary referrals and admissions, the proportion of antibiotic
prescription at DO and between D1 and D6, and the proportion
of severe adverse events (secondary hospitalizations and
death) by D30.

TABLE 2
Definition of clinical failure by day 7 (primary outcome measure)

At any time between initial

assessment and day 7 Atday 3

Atday 7

Severe disease

More than two convulsions

within 24 hours indrawing
Inability to drink or breastfeed Significant dehydration§
Hypoxemia (Sa02 < 90%)
Severe tachypnea*

Severe tachycardiat

Clinical pneumonia
Coma History of cough and tachypneaf
History of cough and lower chest

Fever or temperature > 38°C
Clinical pneumonia
History of cough and tachypneat

History of cough and lower chest
indrawing

Diarrheal|

Significant dehydration§

Serious skin infectionq

A new significant symptom or sign related
to the acute episode but not present at
day 0

* Respiratory rate (RR) > 97th %ile for age and temperature.™
t Heart rate > 90th %ile for age and temperature.*”

1 Respiratory rate > 60/minutes and age < 12 months or RR > 50/minutes and age > 12 months.

§ Dehydration requiring facility-based treatment.
|| = 3 liquid stools per day.
4 Skin infection requiring systemic antibiotic treatment and/or facility-based treatment.
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Statistical analysis. The sample size was computed for the
primary analysis for the parent study.?® In the present sub-
group analysis, for the observed proportion of clinical failure
and total available sample size of 106 subjects, with an alpha
level of 0.05, we had 76% power to detect the observed dif-
ference in clinical failures between the two groups.

The modified intention-to-treat (mITT) population com-
prised all randomized patients within the sub-study pop-
ulation for which the inclusion criteria for this subgroup
analysis could be assessed (all patients for whom data were
entered into the eCDA on DO0). According to the definition,
patients who were lost for follow-up were treated as clinical
failures. The per-protocol (PP) population included all ran-
domized patients who received the intervention and completed
the D7 assessment (Figure 1). The primary outcome was cal-
culated for both the intention-to-treat (ITT) and PP populations.
Because the ITT and PP populations were almost the same, we
used the PP analysis as our primary analysis. Risk difference
(RD) and relative risk (RR) values with 95% Cls were calculated
to estimate the intervention effects on the main study outcomes
using the Stata cs procedure. Odds ratios were used as ap-
proximated RR because the primary outcome was rare. The trial
was registered in ClinicalTrials.gov, identifier NCT02225769.
We used Stata version 15.1 for the analysis.

RESULTS

Trial participants. From December 2014 through February
2016, 4,729 age-eligible patients were screened and 3,192
randomized into the main parent trial (Figure 1). Five patientsin
each arm withdrew before data were entered into the eCDA.
The mITT population of patients with severe malnutrition for
this analysis included 106 patients: 57 (54%) in the ePOCT arm
and 49 (46%) in the ALMANACH arm. Among patients older
than 6 months, WFA identified severe malnutrition in 77/96
patients for whom the MUAC was above 11.5 cm, whereas the
MUAC identified 4/96 patients in whom the WFA was
above -3 z-scores (Figure 1). The two patients identified as

WFA<-3
z-scores

MUAC Visible severe
<11.5¢m wasting or
edema of

both feet

Ficure 1. Venn diagram of severe malnutrition detection. Number
of children aged 6-59 months identified as having severe malnutrition
using mid-upper arm circumference < 11.5 cm, weight-for-age < — 3
z-scores, and visible severe wasting or edema of both feet.

having visible severe wasting also met the criteria for severe
malnutrition using both WFA and MUAC. One patient in each
arm was lost to follow-up for the D7 outcome assessment and
D30 phone follow-up (Figure 2).

Children in both arms were young and presented to care
shortly after the onset of illness, with similar anthropometric
values. Among the children with severe malnutrition classified
based on a combination of anthropometric measures and
clinical signs and included in this subgroup analysis, ePOCT
identified 56/57 (98 %) children with severe malnutrition based
only on anthropometric values, whereas ALMANACH identi-
fied 2/49 (4%) children based only on clinical signs (Table 3).

The ePOCT algorithm integrated POCT including hemo-
globin (Hb), which identified 34 severely malnourished chil-
dren (60%) with moderate anemia as defined by the WHO (Hb
710 9.9 g/dL) and five (9%) with severe anemia (Hb < 7 g/dL).%°
Blood cultures were positive for a pathogen in four (8%) se-
verely malnourished children in the ePOCT arm and negative
in all severely malnourished children in the ALMANACH arm.

Outcomes. In the PP analysis, 1.8% (1/56) of patients in the
ePOCT arm experienced clinical failure by D7 versus 16.7%
(8/48) in the ALMANACH arm (RD -14.9%, 95% CIl -26.0%
to —3.8%; Table 4). The RR of clinical failure among those with
severe malnutrition was 89% lower in the ePOCT arm than the
ALMANACH arm (RR 0.11, 95% CI 0.01 to 0.83). The pro-
portion of clinical failures was the same across age groups. In
the ePOCT arm, 98.2% (55/56) of children received antibiotics
at day 0 and were referred to the hospital for management of
severe malnutrition; 19.6% (11/56) were admitted based on
the hospital staff’s judgment. In the ALMANACH arm, only
47.9% (23/48) of children received antibiotics at day 0, 14.6%
(7/48) were referred to the hospital, and 10.4% (5/48) were
admitted. Only two of those receiving antibiotics and referred
to the hospital in the ALMANACH arm were referred because
of severe malnutrition, and neither was admitted. There was
no significant difference in the proportion of secondary ad-
missions and death in the ePOCT arm compared with the
ALMANACH arm: 1.8% (1/56) versus 4.2% (2/49, RR 0.43,
95% CI 0.04-4.58), respectively (Table 4). There was one
death in each arm and one secondary admission in the
ALMANACH arm. The results were similar in the intention-to-
treat analysis (Supplemental Appendix Table 1).

In the ePOCT arm, 1.8% (1/55) of children with severe
malnutrition who received antibiotic treatment experienced
clinical failure by D7, whereas the one patient who did not
receive antibiotic treatment did not experience clinical failure.
In the ALMANACH arm, 26% (6/23) of children who received
antibiotic treatment versus 8% (2/25) of those who did not
receive antibiotic treatment experienced clinical failure.

DISCUSSION

This post hoc subgroup analysis of malnourished childrenin
arandomized trial of children with fever provides evidence that
a diagnostic strategy using systematic anthropometric
screening with measurements amenable to primary care
(weight and MUAC) to identify nutritional risk factors may
improve the clinical outcome of children with acute infections
in the outpatient setting. The ePOCT tool identified more
children with severe malnutrition than would be identified
using other algorithms that focus on clinical signs alone, fur-
ther informing more appropriate clinical management of
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4729 patients assessed for eligibility

o 1391 not eligible®

146 not recruited

3192 randomised

y

1596 assigned ePOCT |

5 were not treated per ePOCT

1527 without severe
malnutrition

57 with severe malnutrition

1 lost to follow-up ]

i 56 completed day seven
H follow-up (per protocol
i analysis)
| v
i

57 included in modified
. » | intention-to-treat analysis

v

| 1596 assigned ALMANACH

5 were not treated per
ALMANACH

1541 without severe
malnutrition

49 with severe malnutrition

| 1 lost to follow-up

48 completed day seven i
follow-up (per protocol H
analysis) i
i
i

v
49 included in modified
intention-to-treat analysis <

Ficure 2. Patient flowchart. Flow diagram of the progress of patients through the different phases of enroliment, allocation, and follow-up, and
analysis of this randomized trial subgroup analysis.? “Not eligible” refers to patients who did not meet the inclusion or exclusion criteria.

children with both fever and severe malnutrition. Whereas
many studies have looked at preventing infections in children
hospitalized with severe malnutrition, our approach analyzes
the effect of a different identification and classification method
for malnutrition among children with acute febrile iliness, to
inform treatment and attempt to prevent adverse outcomes
among this especially high-risk group.

Despite reports from other studies that 35% and 42% of
children with severe acute malnutrition admitted to a tertiary
referral hospital in Dar es Salaam, Tanzania, had edematous
malnutrition,3%3" there were few patients identified with clinical
signs of bipedal edema or visible severe wasting in our study.
This was not surprising, given the probable low number of
cases of edematous malnutrition which would be expected to
present at the primary care setting compared with tertiary re-
ferral hospitals. Furthermore, numerous studies have demon-
strated the difficulty of healthcare workers in identifying these
signs and the lower yield in identifying severe malnutrition than
anthropometric measures. Nurses in an outpatient clinic in The
Gambia only identified half of the children with visible severe
wasting and/or bipedal edema compared with an expert clinical
evaluation from a physician, and this was after receiving training
to identify malnutrition using IMNCI training materials.?® A study
in Kenya found that clinical signs identified only half of the cases
compared with anthropometric measures, a much higher pro-
portion than that identified by clinical signs in our study.?* The
two patients identified with clinical signs would have also been
identified with very low WFA and MUAGC, as clinical signs are
often signs of more severe disease.

There are multiple potential mechanisms through which
ePOCT may have resulted in improved outcomes among
children with severe malnutrition and fever. Electronic clinical
decision algorithms help encourage systematic performance

of screening for nutritional risk factors, facilitate accurate z-
score calculations, and support systematic and appropriate
management of patients identified as at risk, including
informing indications for appropriate antibiotic treatment and
patient referral.®2 The mere identification of severe malnutri-
tion when using the eCDA, which indicates that the patient has
a serious disease, may also partly explain the better clinical
outcomes in the ePOCT arm as it may have led clinicians and
their caregivers to provide more vigilant and comprehensive
care to the child. This could include less quantifiable actions,
such as better counseling to the caretakers and, thereafter,
improved feedings by the caretakers.

Identifying more children with severe malnutrition may have
resulted in a reduction in clinical failures. This study was un-
derpowered to assess the effects on mortality and secondary
hospitalizations, the beneficial effects of antibiotics and hos-
pital referral, or the influence of clinician and caretaker
awareness of severe malnutrition on the care provided. The
prescription of antibiotics to all identified as having severe
malnutrition (very low WFA or low MUAC) by ePOCT may,
however, be the most plausible explanation for the better
outcomes. The benefit of systematic antibiotic treatment,
however, remains unclear for those with uncomplicated se-
vere acute malnutrition or in those with more broad definitions
of severe malnutrition, including very low WFA. Three ran-
domized placebo-controlled trials comparing clinical out-
come among children with uncomplicated severe acute
malnutrition receiving prophylactic antibiotics to prevent in-
fectious complications versus placebo showed contradictory
results.3*3% Given the unclear benefit of systematic pro-
phylactic antibiotics for children with uncomplicated severe
acute malnutrition*® and the high rates of antimicrobial re-
sistance among infected children with malnutrition,®”*8 a
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TaBLE 3
Baseline characteristics

ePOCT ALMANACH
Characteristic N n (%) or median (IQR) or mean (SD) N n (%) or median (IQR) or mean (SD)
Demographic
Male gender 57 31 (54%) 49 27 (65%)
Age group (months) 57 49
2-11 29 (51%) 26 (53%)
12-23 21 (37%) 13 (27%)
>24 7 (12%) 10 (20%)
Primary caregiver other than mother 56 2 (4%) 48 2 (4%)
Mother’s highest grade of education 56 48
None 7 (13%) 9 (19%)
Primary 41 (75%) 30 (63%)
Postprimary 7 (13%) 9 (19%)
Number of children in household, 55 2(1,93) 48 2(1,3)
median (IQR)
Medical history
Symptoms
Diarrhea 57 14 (25%) 49 17 (35%)
Cough 57 33 (58%) 49 30 (61%)
Skin problem 51 0 (0%) 48 4 (8%)
Duration of fever (days) 56 49
1 orless 29 (52%) 26 (51%)
2-4 26 (46%) 21 (43%)
5 or more 1(2%) 3 (6%)
Clinical characteristics
Weight-for-age z-score <-3* 57 54 (95%) 49 47 (96%)
Weight-for-age z-score, median (IQR)* 57 -3.5(-3.8,-3.2) 49 -3.6 (-4.0,-3.2)
Mid-upper arm circumference < 11.5 53 10 (19%) 43 10 (23%)
cm if age > 6 months
Mid-upper arm circumference for age z- 53 -2.0(1.1) 43 -1.9(1.3
score if > 6 months, mean (SD)*
Clinical signs of severe acute
malnutrition
Visible severe wasting 57 0 49 2 (4%)
Edema of both feet 57 0 49 0
Complicated severe malnutritiont 57 3 (5%) 49 7 (14%)
Respiratory rate, median (IQR) 57 40 (36, 48) 49 47 (38, 58)
Heart rate, mean (SD) 57 147 (16) 49 146 (15)
Axillary temperature, median (IQR) 57 38.0(37.8,38.4) 49 38.3(37.9, 38.7)
Laboratory values
Malaria rapid diagnostic test positive 57 3 (5%) 49 1(2%)
HIV-1/2 antibody positive 50 2 (4%) 43 3 (7%)
Hemoglobin (g/dL)t 57 9.6 (8.8, 10.4) 4 9.7 (9.3, 9.95)
Moderate anemia according to WHO 57 34 (60%) 4 3(75%)
Severe anemia according to WHO 57 5 (9%) 4 0
Positive blood cultures 54 4(7%)§ 11 0 (0%)
Algorithm disease classification
Severe malnutrition|| 57 56 (98%) 49 2 (4%)
Severe disease other than malnutrition||q 57 2 (4%) 49 5(10%)
Gastrointestinal diseasel|| 57 13 (23%) 49 15 (31%)
Pneumonial| 57 0 (0%) 49 21 (43%)
Fever without a clinical sourcel| 57 0 (0%) 49 11 (22%)
Data are n (%), median (IQR), mean (SD), or n/N (%).
*WHO 2006 growth curve.?®

1 Complicated severe malnutrition definition adapted from the 2014 Integrated Management of Neonatal and Childhood linesses (IMNCI) guidelines, defined as for the purpose of this study:
WFA < -3 z-score or MUAC < 11.5 cm if age >/ = 6 months and the presence of any danger sign, severe classification, or tachypnea with chest indrawing.
1 Moderate anemia defined as Hb 7-9.9 g/dL, and severe anemia as Hb < 7g/dL. Only performed systematically with the ePOCT algorithm. Four patients in the ALMANACH arm had Hb measured

at the referral hospital.

§ Excluding contaminants, the pathogens were Salmonella paratyphi B, Staphylococcus aureus, Acinetobacter baumannii/coacetius, and Vibrio vulnificus.

|| As defined by each respective algorithm.

4 The detection of other severe diseases was limited once one severe disease (such as severe malnutrition) was identified.

more targeted approach should be explored among febrile
children with uncomplicated severe malnutrition. Limiting
antibiotic prescription to align with IMNCI 2014 recommen-
dations in only treating those with severe acute malnutrition
and not those with very low WFA must, however, be balanced
with the observed potential benefit in this subgroup analysis
and evidence of very low WFA being a better or equal predictor
of mortality than WFH.3%4°

A more targeted approach may also be necessary for iden-
tifying patients who require hospital referrals, as only 20% (11/
55) of patients referred to the hospital using ePOCT were ad-
mitted, whereas 71% (5/7) in the ALMANACH arm were ad-
mitted, although none were admitted for severe malnutrition.
This likely represents an over-referral as both eCDAs referred
cases of uncomplicated severe malnutrition, who are unlikely to
benefit from inpatient therapy.*'*? Such discrepancies in the
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TABLE 4
Primary and secondary outcome measures (per-protocol analysis)

ePOCT ALMANACH Risk difference Risk ratio
% (n/N) % (n/N) % (95% Cl) (95% Cl)
Primary outcome
Clinical failure by day 7 1.8 (1/56) 16.7 (8/48) -14.9 (-26.0, -3.8) 0.11(0.01-0.83)
Secondary outcomes
Primary referrals 98.2 (55/56) 14.6 (7/48) 83.6(73.1,94.2) 6.7 (3.4-13.4)
Primary admission 19.6 (11/56) 10.4 (5/48) 9.2 (-4.3,22.8) 1.9(0.7-5.1)
Severe malnutrition 100 (11/11) 0 (0/5)
Severe pneumonia 0 100 (5/5)
Anemia (including severe anemia) 36 (4/11) 0
Malaria 9(1/11) 0
Dehydration 0 20 (1/5)
Antibiotic prescription at day 0 98.2 (55/56) 47.9 (23/48) 50.3 (35.7, 64.8) 2.1(1.5,-2.8)
Antibiotic prescription by day 7 98.2 (55/56) 50.0 (24/48) 48.2 (33.7,62.8) 2.0(1.5-,2.6)
Severe adverse events by day 30 1.8 (1/56) 4.2 (2/48) -2.4(-9.0,4.2) 0.43 (0.04-4.6)
Secondary admissions 0 (0/56) 2.0(1/48) -2.1(-6.1,2.0) NA
Deaths 1.8 (1/56) 2.1 (1/48) -0.3 (-5.6,5.0) 0.86 (0.06, 13.3)

Results for the modified intention-to-treat analysis are available in the Supplemental Appendix Table 1.

criteria used could result in a source of tension, confusion, and
dissatisfaction among caretakers, as well as reduced compli-
ance of primary care clinicians to the eCDA recommendation to
refer the patient, as was described in a community-based
therapeutic care program.*® A more sensible approach would
be to refer only cases of complicated severe malnutrition (in-
cluding very low WFA) or only cases of complicated severe
acute malnutrition, as proposed by IMNCI 2014, instead of the
more conservative approach of ePOCT which referred all cases
of severe malnutrition (based on WFA and MUAC) with fever.
Cases of uncomplicated severe malnutrition, including those
with very low WFA and normal MUAC, could be referred to
nutrition programs, where WFH could be assessed.

The better overall identification and management of other
problems identified by ePOCT, in addition to malnutrition
identification, may have contributed to the favorable out-
comes observed in this subpopulation.2® For example, the
addition of systematic Hb testing identified that 68% of chil-
dren had anemiain the ePOCT arm, whereas only 6% of those
in the ALMANACH arm were determined to have anemia, and
only a small proportion of the children in this arm were tested
and managed accordingly. It is possible that among the vul-
nerable population of children with malnutrition, other com-
ponents of the ePOCT algorithm, in addition to malnutrition
classification, may account for some of the difference in clin-
ical outcomes observed between the two arms.

The main limitation of this study is due to the intrinsic nature
of a subgroup analysis, for which confounders could bias re-
sults. Another potential source of bias in our analysis is that
most patients met the subgroup inclusion criteria based on the
anthropometry measures used in the ePOCT arm and not
because of the clinical signs as used in the ALMANACH arm.
Because of practical reasons and difficulty with height
measurements,?%*+4° height was not integrated in the ePOCT
algorithm or as an independent anthropometric measure for
this study. It was also not integrated into ALMANACH because
at the time of development, in Tanzania the 2008 IMCI
guidelines were being used, which only used clinical signs of
malnutrition to diagnose severe malnutrition.’® ePOCT was
thus compared with the 2008 IMCI guidelines and not the 2014
guidelines. However, given that height and other anthropo-
metric measures are rarely measured,'® ALMANACH may

actually better resemble routine care in Tanzania than what is
recommended in the 2014 IMNCI guidelines. More practical
and simpler tools to measure height in children (e.g., based on
image analysis) would be beneficial if clinicians are to align
with IMNCI. The generalizability of this study is limited by the
fact that it took place in an urban area of a single country with
low HIV prevalence and moderate malaria prevalence. Tan-
zania also has a low proportion of edematous malnutrition in
the primary care setting, limiting the use of clinical signs for the
identification of severe malnutrition. The sample size of this
analysis was limited because of the relatively good nutritional
status of children in Dar es Salaam, although we maintained
adequate power to detect a difference, which we believe is of
clinical significance.

In conclusion, this analysis has shown that anthropometric
measurements assisted by an eCDA may be an important
component of the systematic assessment to detect malnu-
trition among febrile children so that they can be managed
appropriately.
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