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Abstract

Background: Correct treatment of potentially life-threatening illnesses (PLTIs) in children under 5 years, such as
malaria, pneumonia, and diarrhea, can substantially reduce mortality. The Integrated Management of Childhood
Illness (IMCI) strategy has been shown to improve treatment of child illnesses, but multiple studies have shown that
gaps in health worker performance remain after training. To better understand factors related to health worker
performance, we analyzed 9,330 patient consultations in Benin from 2001–2002, after training one of the first
cohorts of 32 health workers in IMCI.

Methods: With data abstracted from patient registers specially designed for IMCI-trained health workers, we
examined associations between health facility-, health worker-, and patient-level factors and 10 case-management
outcomes for PLTIs.

Results: Altogether, 63.6 % of children received treatment for all their PLTIs in accordance with IMCI guidelines, and
77.8 % received life-saving treatment (i.e., clinically effective treatment, even if not exactly in accordance with IMCI
guidelines). Performance of individual health workers varied greatly, from 15–88 % of patients treated correctly, on
average. Multivariate regression analyses identified several factors that might have influenced case-management
quality, many outside a manager’s direct control. Younger health workers significantly outperformed older ones,
and infants received better care than older children. Children with danger signs, those with more complex illnesses,
and those with anemia received worse care. Health worker supervision was associated with improved performance
for some outcomes.

Conclusions: A variety of factors, some outside the direct control of program managers, can influence health
worker practices. An understanding of these influences can help inform the development of strategies to improve
performance.
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Background
Although much progress has been made in the last
decade, 7.6 million children worldwide still die each year
before their fifth birthday, and half of the 4.5 million
deaths among children between one and 59 months old
are due to pneumonia, diarrhea, and malaria [1]. These
three diseases all have effective treatment that can be
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delivered within community- or facility-based settings
[2–4]. Evidence from field studies of routine care sup-
port the importance of correct case management for
preventing child deaths, with an analysis of outpatient
visits for sick children in western Kenya finding that ap-
propriate health facility-based treatment reduced mortal-
ity by 78 % [5].
The Integrated Management of Childhood Illness

(IMCI) strategy was designed to address the major
causes of childhood mortality in a comprehensive man-
ner and was first introduced the 1990s [6, 7]. IMCI has
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been recommended by the World Health Organization
(WHO) and the United Nations Children’s Fund
(UNICEF) and implemented in more than 100 low-
and middle-income countries [8]. As the symptoms of
childhood illnesses can be non-specific and overlap-
ping, with co-morbidities common, IMCI provides an
algorithmic framework for systematically assessing,
classifying, and treating common childhood illnesses
[9]. The cornerstone of IMCI, along with strengthening
health system supports and community health prac-
tices, is improving the skills of facility-based health
workers through IMCI training, an 11-day course fo-
cused on syndrome-based management of children for
identifying and treating illnesses. Evaluations of IMCI
have found mixed results, with improvements in dis-
ease classification, treatment, and counseling in several
countries [10, 11], but inadequacies in overall imple-
mentation, health system supports and community
guidelines and practices [9, 12].
Despite significant improvements in quality of care

after IMCI training, important performance gaps remain,
with some studies indicating that about one-third of sick
children still do not receive correct treatment for poten-
tially life-threatening conditions after health workers re-
ceive IMCI training [11, 13]. Significant decreases in
mortality after IMCI training have been found in a few
studies [11, 14–18] but not in others [14, 15], likely due
to both low use of the formal health care system, lack of
health system infrastructure, and gaps in health worker
performance.
To help close gaps in case-management quality, it is

important to understand more fully the factors influen-
cing health worker performance, but definitive evidence
on determinants of health worker performance is lacking
[19]. We had a unique opportunity to examine an un-
usually large number of outpatient consultations per-
formed in Benin by IMCI-trained health workers, who
were part of a larger trial of additional health worker
supports after IMCI training. Drawing from more than
9,000 register records of consultations with children ages
2–59 months, we were able to examine multiple treat-
ment outcomes, including three cross-cutting quality of
care outcomes and seven disease-specific outcomes.
Whereas previous analyses have typically focused on a
single disease outcome (e.g., malaria), this analysis of 10
outcomes allowed us to assess factors that were consist-
ently related to case-management quality across a range
of potentially life-threatening illnesses (PLTI). This ap-
proach enabled us to determine the most important pre-
dictors of health worker performance for treatment of
child illnesses. A previous analysis using this dataset fo-
cused on the trends in health worker performance over
time following initial IMCI training [21] but not on
other predictive factors. This analysis focuses on a
wide array of other factors that might influence health
worker practices. Although the IMCI guidelines have
been updated since the time of data collection in
2001–2002, it is still relevant and informative to
understand the reasons behind health worker non-
adherence to guidelines, a problem that persists today
[22, 23].

Methods
Study setting and data source
We used data from a larger trial of supports for
IMCI-trained health workers in Ouémé and Plateau
Departments, in southeastern Benin. After the 11-day
IMCI training, health workers in the trial’s intervention
arm received additional job aids, including modified
IMCI patient registers, a counseling guide, non-
financial incentives in the form of framed ‘certificates
of merit’ given to health workers at a ceremony every
1–2 years, and strengthened supervision visits focused
on IMCI [20]. The IMCI patient registers were de-
signed as job aids to facilitate comprehensive patient
care, and had spaces for health workers to record de-
tails on the patient’s assessment, disease classifications,
treatments prescribed, and any referrals made (see
Additional file 1: Web Appendix 1). From details in the
registers, we could essentially recreate patient consul-
tations to examine the extent to which health workers
followed IMCI guidelines.
Data for this analysis were abstracted from IMCI

registers for initial consultations (first visit to the
health facility for the disease episode) among children
ages 2–59 months seen by a cohort of the first 32
IMCI-trained health workers in the intervention arm
of the aforementioned trial. For each health worker,
records were abstracted for 12 months after the 11-
day IMCI training, which occurred in several rounds
from June–October 2001, and were double-entered
and verified with EpiInfo version 6 (CDC, Atlanta,
Georgia). For most of the register abstraction study
period (June 30, 2001–November 14, 2002), all con-
sultations were abstracted; towards the end of the
study period, a systematic sample of consultations
was selected, due to limited resources. Additional de-
tails on the methodology of the record review have
been described elsewhere [21].

Analysis
We included consultations with at least one PLTI and
used a computer program to apply IMCI guidelines to
patients’ clinical findings documented in the registers to
create a gold standard set of IMCI classifications and
treatments for each consultation. We analyzed ten case-
management outcomes: three primary and seven sec-
ondary (Table 1 and Box 1).



Table 1 Descriptions and levels of health worker performance for various measures of case management quality

Indicators of case management quality Description N Mean (%)

Primary outcomes

1. Recommended treatment for all potentially
life-threatening illnesses (PLTIs)

Essential treatment of all PLTIs a child had (including
malaria, very severe febrile illness, pneumonia, severe
pneumonia, diarrhea, anemia, and severe anemia) that
exactly matched IMCI guidelines†

8,277 63.6

2. Adequate treatment for all PLTIs Essential treatment of all PLTIs considered effectivea

even if it did not exactly match IMCI guidelines
8,277 77.8

3. Percentage of all needed tasks performed
per child (index of overall guideline adherence)

Percentage of total IMCI-recommended assessment tasks
(maximum of 39), disease classification tasks (maximum
of six), and treatment tasks (maximum of four) done
(see Box 1 for details)

9,330 96.5

Secondary outcomes

4. Recommended treatment for febrile illnesses First- or second-line antimalarial (chloroquine,
sulfadoxine-pyrimethamine, respectively) for malaria
or injectable quinine plus referral for very severe febrile
illness, with dosages that exactly match IMCI guidelines

6,872 80.1

5. Adequate treatment for febrile illnesses Antimalarial and dose considered effective even if it
did not exactly match IMCI guidelines

6,872 87.5

6. Recommended treatment for anemia Antimalarial, iron, and folate all given for anemia (with
dosages that exactly match IMCI guidelines) or referral
for severe anemia

3,133 47.1

7. Adequate treatment for anemia Anemia treatments all given with doses considered
effective even if they did not exactly match IMCI
guidelines

3,133 75.6

8. Recommended treatment for pneumonia First- or second-line antibiotics (cotrimoxazole, amoxicillin,
respectively) for pneumonia or injectable ampicillin plus
referral for severe pneumonia, with dosages that exactly
match IMCI guidelines

2,787 76.0

9. Adequate treatment for pneumonia Antibiotic and dose considered effective even if it did
not exactly match IMCI guidelines

2,787 82.7

10. Recommended treatment for diarrhea Oral rehydration solution given, plus antibiotic for bloody
diarrhea, with antibiotic dosages that exactly match IMCI
guidelines

1,680 81.6

Note: Analysis excludes consultations that took place on the day of the IMCI follow-up visit, as these may not be representative of typical health worker performance
† Includes referral for hospitalization for severe illness
aThat is, life-saving, based on standard clinical textbooks (Gilbert et al. 2004; Robertson & Shilkofski 20015). Adequate treatment could have included errors such
as small, clinically insignificant overdoses
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Nine outcomes were dichotomous, and one was conti-
nuous—an index from 0 to 100 % of the percentage of
needed IMCI tasks that was performed per patient (Box 1).
Statistical analysis was carried out in SAS 9.3 (SAS Insti-
tute, Inc., Cary, North Carolina). We performed logistic
regression on binary outcomes using the SAS SURVEY-
LOGISTIC procedure, and linear regression on the con-
tinuous outcome using the SURVEYREG procedure. Both
procedures use the Taylor linearization series to account
for clustering, in this case at the level of the health worker,
and weighting, as a small proportion of the record reviews
were sampled towards the end of data abstraction.
For each outcome, we systematically analyzed its rela-

tionship with factors at various levels (patient, health
worker, and health facility), first using bivariate and then
multivariable analysis. We included a broad range of
plausibly related factors, as our analyses were exploratory
in nature. We drew upon previous literature, as well as
plausibility of effects, to determine which factors to
test for their relationship to the outcomes. Factors with
a p-value < 0.10 from the bivariate logistic/linear regres-
sion models were retained for inclusion in multivariable
regression models. For each outcome, we tested four a
priori interactions: 1) number of IMCI-trained workers at
the facility and number of prior supervisory visits by the
time of consultation, 2) health worker age and number of
prior supervisory visits, 3) health worker age and caseload
on the day of the child’s visit, and 4) child’s temperature
and child’s age. Interaction terms were included in the
model if they were statistically significant and remained so
in a stable model after adding other covariates. Collinear-
ity of the model was assessed, and variables were removed
if warranted. Covariates that were not significant at the
p < 0.10 threshold in bivariate analysis were then added
back into the model one at a time, by ascending order of
their p-value in bivariate analysis. Added covariates were



Box 1: Items included in the index of overall
adherence to IMCI guidelinesa

Assessment tasks (maximum of 39 tasks per child)

� For all children, the following were recorded, 1) patient

complaint; 2) age; 3) temperature; 4) weight; and 5) whether

the child: a) could drink or breastfeed, b) vomits everything,

c) had convulsions, d) was lethargic or unconscious, e) had

cough or difficult breathing, f ) had diarrhea, g) had fever, h)

had ear problem, i) had severe wasting, j) had bilateral pedal

edema, k) was very low weight for age, and l) had palmar

pallor.

� If child should not be referred for urgent hospitalization,

vaccination status checked.

� If cough or difficult breathing, 1) cough lasted more than

30 days, and 2) whether the child had: a) fast breathing

based on a 60-second respiratory rate, b) chest indrawing,

and c) stridor.

� If diarrhea, 1) diarrhea lasted 14 days or more, 2) child had

bloody stool, 3) child’s general state (irritable, lethargic, or

unconscious), 4) assessment of thirst by offering fluids, 5)

child had sunken eyes, and 6) assessment of abdominal skin

pinch.

� If fever, 1) fever every day for 7 days, 2) neck stiffness, and

3) child had measles in past 3 months.

� If fever and measles in past 3 months, 1) mouth ulcers, 2)

pus in eye, and 3) opacity of the cornea.

� If fever and measles in past 3 months and mouth ulcers,

ulcers are deep and extensive.

� If ear problem, 1) ear pain, 2) ear drainage, and 3) tender

swelling behind the ears.

� If ear problem and ear drainage, 1) drainage for 14 days or

more, and 2) visible pus.

Disease classification tasks (maximum of 6 classifications per child)

� Correct identification of: 1) dehydration, 2) dysentery, 3)

persistent diarrhea, 4) febrile illness, 5) anemia, and 6)

pneumonia.

Treatment tasks (maximum of 4 tasks per child)

� Recommended treatment for: 1) diarrhea, 2) febrile illness,

3) anemia, and 4) pneumonia.

Footnote for Box 1.
aExample of how index is calculated: If a particular child needed to have
20 tasks completed and only 14 were completed then the child’s index
would be 70 %.
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retained in the model as confounders if they changed the
measure of association (usually an odds ratio) of any other
variable in the model by 20 % or greater, except if the ori-
ginally included variables were not initially significant at
the p < 0.05 level and remained non-significant after the
addition of the potential confounder. Added variables
were retained in the model as predictors if their p-value
was <0.05. Each time a new variable was added to the
model, the process of checking confounders/additional
predictors was repeated in an iterative manner until all co-
variates had been assessed for the current model. Al-
though multiple comparisons were made, given that we
had 10 outcomes, no adjustments for significance levels
were made, but we considered factors to be key predictors
only if they were significant (in the same direction) at the
p < 0.05 level across at least two outcomes.

Ethical approval
The protocol for the larger trial of IMCI supports was
approved by the Ethics Committee of the Benin Ministry
of Public Health and the Centers for Disease Control
and Prevention’s Human Subjects Review Board. All
health workers provided written, informed consent to
participate in the study.

Results
The 32 IMCI-trained health workers were all nurses
working at 21 different health facilities: 14 smaller primary
care clinics and 7 larger referral facilities. Altogether
13,324 visits were recorded in the 12 months following
IMCI training, and of these 9,402 initial consultations
were abstracted. Nine initial consultations were excluded
because of implausible values, and 63 were excluded
because they occurred on the day of a supervisor’s post-
IMCI training follow-up visit (about four to six weeks
after the IMCI course) and were not thought to be repre-
sentative of typical consultations. The remaining 9,330
initial consultations were screened for eligibility in the
analysis. Each health worker had a median of 252 consul-
tations in the dataset (range: 31–704). As a measure of
data completeness, we calculated that 98.4 % of required
IMCI assessment tasks were documented by health
workers in the registers.
Among the 9,330 initial consultations, 8,277 (88.7 %)

involved a PLTI according to gold standard IMCI algo-
rithms, including malaria/fever (6,872, or 73.6 %),
anemia (3,133 or 33.6 %), pneumonia (2,787 or 29.9 %),
and diarrhea (1,680 or 18.0 %) (Table 1 and Box 1).
Among children with a PLTI, 41.0 % had one PLTI,
41.4 % had two, 16.3 % had three, and 1.3 % had four.
For children with at least one PLTI, 63.6 % were treated

exactly according to IMCI guidelines, and 77.8 % were
treated adequately (i.e., effective treatment even if it did
not exactly match IMCI guidelines) (Table 1 and Box 2).



Box 2: Definition of essential treatment

Any of the following, which were considered as minimal treatments

for PLTIs: referral for hospitalization (for severe illnesses), antimalarials,

antibiotics, oral rehydration solution, or iron and folic acid (for

anemia). First- and second-line oral antimalarials were chloroquine

and sulfadoxine-pyrimethamine, respectively; pre-referral treatment

of severe malaria was injectable quinine; first- and second-line oral

antibiotics were cotrimoxazole (trimethoprim-sulfamethoxazole)

and amoxicillin, respectively; pre-referral treatment of severe

pneumonia or very severe febrile illness was injectable ampicillin.

Note that after this study, because of the resistance to chloroquine

and sulfadoxine-pyrimethamine, the malaria guidelines were

revised to recommend artemisinin-based combination therapy.
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Performance varied widely by health worker, ranging from
an average of 15 % to 88 % of children receiving recom-
mended treatment (Fig. 1). The mean percentage of total
IMCI tasks (assessment, classification, and treatment)
done per patient was quite high, at 96.5 %. This result was
primarily driven by the large number of assessment tasks
(maximum of 39) that were very thoroughly performed,
and by the generally correct classifications (mean of
93.2 %), despite much lower levels of correct treatment
(74.2 %).
The provision of recommended treatments for febrile

illness, pneumonia, and diarrhea was reasonably good, at
80.1 %, 76.0 %, and 81.6 %, respectively (Table 1).
Adequate treatment, which included recommended
treatment plus treatment that deviated from the IMCI
guidelines but was still lifesaving, for febrile illness and
pneumonia was six to seven percentage points higher
than recommended treatment. Recommended treatment
for anemia, however, (which required correctly dosed
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Fig. 1 Graph of recommended treatment by individual health worker. Note
iron, folate, and an antimalarial) was substantially lower,
at 47.1 %. Adequate treatment of anemia was 75.6 %.
One-third of consultations analyzed took place at large

primary care facilities (Table 2). Children were seen by
health workers with a mean age of 36 years (range = 25,
53), and approximately three-quarters were seen by fe-
male health workers. Patient volumes (in terms of chil-
dren 2–59 months old seen per day) were relatively low
at the included health facilities, with only 6.5 % of con-
sultations taking place on days when the health worker
saw at least 10 children in this age range. Health workers
almost certainly performed consultations on patients
outside the 2–59 month range, however caseload data
for these patients were not abstracted. About one-fifth
of consultations were performed by health workers who
had received specific malaria training prior to their IMCI
training. Children were seen by health workers who had
received on average 1.6 supervision visits in the last six
months. About half of children were seen in a health
facility in which at least one other IMCI-trained health
worker was present.
Forty percent of consultations were for infants

between 2 and 11 months old (Table 3). The mean
temperature among children was 38° Celsius, and chil-
dren required on average 26.5 IMCI tasks to be per-
formed (for assessment, classification, and treatment),
with a range from 18 to 43. Danger signs, including un-
consciousness, lethargy, inability to eat or drink, vomit-
ing everything, and history of convulsions, were rare,
present in only 2.7 % of recorded consultations. The
most common classifications, according to gold-standard
classifications derived from assessment findings, were
fever (86.2 %), anemia (38.3 %), pneumonia (34.0 %), and
diarrhea (18.6 %). The most common documented patient
complaints to the health worker were fever (75.2 %),
cough or difficult breathing (39.8 %), and diarrhea
(15.3 %) (Table 3).
4 16 18 20 22 24 26 28 30 32

lth Worker #

: Vertical lines represent confidence intervals



Table 2 Health facility and health worker characteristics

Variable Mean (%)

N=8,277 consultations

Health facility level

Large (vs. small) facility (district-level referral
center vs. clinic)

33.3

Health worker level

Health worker age in years , mean (range) 35.8 (25, 53)

Female health worker 73.5

10+ consultations on day of child's visita 6.5

Previous malaria trainingb 20.5

# supervision visits in previous 6 months,
mean (range)†

1.6 (0, 8)

1+ other IMCI-trained health worker at facility† 50.6

Note: for consultations with at least one potentially life-threatening illness
aConsultations of patients 2–59 months
bPrior to IMCI training, which all health workers received. Previous diarrhea
training (25.6 %) instead of previous malaria treatment was modeled for
diarrhea treatment outcome
†Values may vary over time for the same health worker
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Multivariable models highlighted several consistent
trends across the outcomes (Table 4). For nearly all out-
comes, performance declined as health worker age in-
creased, with about a five-percent decrease in the odds
of recommended or adequate treatment per additional
year of age (Fig. 2). A caseload of 10 or more children
on the day of the child’s consultation was associated
with a 33 % increased odds of recommended treatment.
The number of supervision visits the health worker
received in the previous six months was significantly
associated with improved care for fever and ane-
mia—although paradoxically associated with a lower
Table 3 Patient characteristics

Variable Mean (%)

N=8,277 consultations

Age <1 year 40.0

Female sex 45.4

Patient temperature in degrees Celsius,
mean (range)

38.0 (31.0, 41.7)

# total IMCI tasks required (case complexity) 26.5 (18, 43)

At least one danger sign 2.7

Gold-standard classification of fevera 86.2

Gold-standard classification of anemiaa 38.3

Gold-standard classification of pneumoniaa 34.0

Gold-standard classification of diarrheaa 18.6

Patient complaint of cough or difficult breathing 39.8

Patient complaint of diarrhea 15.3

Patient complaint of fever or malaria 75.2
aDerived from computer algorithm analysis of documented patient
assessment variables
odds of recommended treatment for pneumonia. For
adequate fever treatment, the interaction between
health worker age and the number of supervision visits
received was significant, with more supervision visits
attenuating the decline in health worker performance
seen with increasing age. The figure in Additional file 2:
Web Appendix 2 illustrates this interaction. Having at
least one other IMCI-trained health worker working at
the facility was significantly associated with better care for
pneumonia, but not for other diseases. Health worker sex
and facility type were not significantly related to any of
the outcomes assessed.
At the patient level, infants received significantly bet-

ter care across nearly all outcomes, with 1.82 times the
odds of recommended treatment than older children.
Case complexity was negatively associated with recom-
mended care (overall and for anemia), as well as adher-
ence to guidelines. Care was substantially and consistently
worse for children with a danger sign, with the exception
of anemia treatment, which was significantly better. One
explanation of this finding could be that for febrile, re-
spiratory, and diarrheal illnesses, children with any danger
sign need referral and pre-referral treatments; in contrast,
for severe anemia, no pre-referral treatment is needed ac-
cording to the guidelines, and simple referral is sufficient.
Additional file 3: Web Appendix 3 shows the 10 outcomes
stratified by disease severity. For all three primary out-
comes, care was significantly worse if the child had a gold-
standard diagnosis of anemia (row 15 of Table 4). Unlike
health worker age and presence of a danger sign, however,
this association was only seen for one secondary outcome
(diarrhea).
Findings for two disease-specific outcomes deserve

particular attention. First, children with anemia who had
another PLTI illness classification (fever/malaria, pneu-
monia, or diarrhea) were significantly more likely to be
correctly treated for anemia than those with only an
anemia classification (column 8 of Table 4). Presence of
another illness might have prompted health workers to be
more thorough in their treatment and, for fever/malaria,
treatments for the two diseases overlapped. Second, hav-
ing a patient complaint of diarrhea was associated with
better diarrhea treatment (column 10 of Table 4), although
patient complaints were not associated with better treat-
ment for febrile or respiratory illnesses.

Discussion
To understand what might have influenced health
worker performance after IMCI training, we assessed a
broad set of factors across the most common child ill-
nesses in Benin. Mean health worker performance, though
significantly improved after IMCI training, especially for
health workers who received additional supports [20], was
still insufficient, with only 63.6 % of children with PLTI



Table 4 Predictors of ten health worker performance outcomes from multivariate analyses

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Variable Recommended
treatment

Adequate
treatment

Adherence to
guide-lines (%)

Recommended
fever treatment

Adequate
fever
treatment

Recommended
pneumonia
treatment

Adequate
pneumonia
treatment

Recommended
anemia
treatment

Adequate
anemia
treatment

Mean value 63.6% 77.8% 96.5% 80.1% 87.5% 47.1% 75.6% 76.0% 82.7%

Health facility level

Large (vs. small) facility

Health worker level

Health worker age, years 0.96** 0.93** −0.11* 0.94** 0.89** 0.92** 0.95** 0.95

Female health worker 1.46

10+ consultations on day of visit 1.33* 1.56** 1.18 1.59 1.58*

Previous malaria training† 1.18 2.96*

No. of supervision visits in previous 6 months 1.07 0.17 1.18** 1.13 0.87* 1.15* 1.15*

1+ other IMCI-trained health worker at facility 1.38 1.77* 1.90*

Patient level

Age <1 year 1.82** 0.66** 1.37* 1.68** 1.53** 2.63**

Female sex 1.16 1.27*

Patient temperature, degrees Celsius 0.96 −0.30** 0.88

No. of total IMCI tasks required (case complexity) 0.95** 0.96 −0.51** 0.88** 0.99

At least one danger sign 0.33** 0.19** −3.38** 0.08** 0.07** 0.45 30.52** 9.86**

Gold-standard diagnosis of fever 1.41 2.89** ¥ ¥ 4.24** 3.11**

Gold-standard diagnosis of anemia 0.27** 0.49** −0.97** ¥ ¥

Gold-standard diagnosis of pneumonia 0.83 0.61* 1.17** ¥ ¥ 2.03**

Gold-standard diagnosis of diarrhea 0.39* 3.41** 3.28**

Patient complaint of cough or difficult breathing 0.94 0.97 0.85*

Patient complaint of diarrhea 2.04** 1.10

Patient complaint of fever or malaria −0.30 0.78 1.76*

Interaction: HW age x no. of previous supervision visits 1.02*

Note: each column contains the measure of association between the predictors included in a model and the outcome. All measures of association are odds ratios, except for outcome 3, which is the absolute
percentage-point change in the outcome per unit change in the predictor). Blank cells indicate that predictors were not included in the model because they were neither significant in bivariate analyses nor a
confounder/additional predictor (see Methodology section for further details).
*Significant at p<0.05 level
**Significant at p<0.01 level
¥Predictor excluded from the model due to collinearity
†Prior to IMCI training, which all health workers received. Previous diarrhea training modeled for diarrhea treatment outcome
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Fig. 2 Bubble plot graph of health worker age and recommended treatment. Note: Size of bubbles proportional to number of consultations
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receiving recommended treatment. Health workers
performed thorough assessment and classification
tasks, but fell short on providing recommended treat-
ments to children. Our analyses showed that a range of
factors were associated with case management quality,
which has been seen in other studies of health worker
performance [24–26]. In general, factors largely outside
managers’ direct control, such as patient-level factors and
health worker age, were the most important predictors of
case-management quality. Factors more directly within
program managers’ control, such as frequency of supervis-
ory visits or in-service training, were found to have lesser
effects on quality of care.
Increasing health worker age was associated with con-

sistently worse performance (for 7/10 outcomes), sug-
gesting that older health workers should be prioritized
for quality improvement strategies. To our knowledge,
only one previous study, also from Benin, found worse
performance among older health workers [27]. Health
worker age and experience were highly correlated in our
analysis, and previous studies have found improved per-
formance with greater health worker experience [28].
While it is possible that health worker age might be a
proxy for another unmeasured characteristic besides
experience, several plausible explanations exist for this
finding. Older health workers, who also had more years
of experience, may have relied more on their clinical
experience and intuition and been less apt to follow
guidelines, in line with other studies that have found
that higher-level cadres of health workers tend to per-
form less well at following new guidelines than lower-
level cadres [29, 30]. Alternatively, older health workers
may be more likely to follow guidelines learned during
initial pre-service or early in-service training, when they
were more open to new ideas. It is also possible that
older health workers were older than IMCI trainers and
perceived the trainers to be less knowledgeable.
Children ages one to four years old received worse
care than infants for most outcomes, an association
found in another study of IMCI-trained health workers
in Morocco [24]. Two other studies, neither of which
were of IMCI-trained health workers, found worse care
for infants [25, 31]. This finding, which perhaps results
from the perception that younger children are particu-
larly vulnerable, supports the importance during initial
IMCI training and routine supervision visits of empha-
sizing the vulnerability of all children under five years.
Increased case complexity, defined as the number of

IMCI tasks required, was associated with worse per-
formance in terms of recommended treatment, adher-
ence to guidelines, and anemia treatment. A likely
explanation is that with greater case complexity there
are more opportunities for errors. A good example of
this is the low scores for recommended anemia treat-
ment, which generally involves prescribing three differ-
ent medicines (antimalarial, iron, and folate), all in
correct doses. For more complex treatments such as that
for anemia, more time during initial IMCI training and
post-training supervision should be devoted to reviewing
the treatment and reminding health workers to consist-
ently prescribe all three medications.
Presence of a danger sign was consistently associated

with worse care except for anemia treatment, for which
it was associated with better care. Correct care for chil-
dren with a danger sign involved referral plus any re-
quired pre-referral treatment, which was often skipped.
As there is no pre-referral treatment for anemia, referral
was sufficient.
We found a complex relationship between patient

complaints and quality of care. In some cases, com-
plaints probably prompted health workers to give a
needed medicine—for example, antimalarials for chil-
dren with anemia and ORS for children with diarrhea.
This positive relationship was found in several previous
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studies of fever treatment [32–34]. However, there is not
always a simple correspondence between a complaint
and correct treatment. In our study, fever complaint was
not associated with better fever care. Furthermore,
patient complaints can paradoxically be associated with
worse care for other diseases. For example, a complaint
of cough or difficult breathing, which may have prompted
health workers to zero in on pneumonia diagnosis, was as-
sociated with worse diarrhea treatment.
Significant predictive factors of health worker per-

formance that are potentially more modifiable (e.g.,
through quality improvement interventions) were less
consistently related to better case management quality.
The number of supervision visits the health worker had
in the past six months was positively related to several
outcomes, including anemia treatment, but was associ-
ated with worse pneumonia treatment. One possible ex-
planation is that the IMCI training and subsequent
supervision was focused primarily on fever/malaria treat-
ment, which was a larger perceived problem at the time
in Benin. For adequate treatment of fever, additional
supervision visits also appeared to attenuate the worse
performance with increasing health worker age (see
Additional file 2: Web Appendix 2). A review of the ef-
fects of supervision in low- and middle-income coun-
tries has found limited high-quality evidence and
uncertain results of its impact [35].
Finally, higher patient volumes the day of the child’s

consultation was associated with significantly better care
for some outcomes. Higher volumes of IMCI patients
perhaps afforded health workers more opportunities to
practice their new skills, although we cannot rule out
another underlying factor, given the small number of
consultations (6.5 %) that took place on days where the
health worker saw at least 10 IMCI patients. It should
also be noted that the volumes in these facilities in
Benin are on average quite low, and thus higher volumes
in this setting would not overwhelm health workers or
result in extremely limited consultation time as they
might in other settings [27, 36].

Strengths and limitations
This study has several important limitations. Although
the dataset included a very large number of consulta-
tions, our sample size of health workers (n = 32) was
relatively small, limiting our ability to assess in more de-
tail health worker factors influencing performance. Sec-
ond, our analysis relied on data abstracted from patient
registers, which assumes that these registers accurately
capture the patient consultation. However, completeness
of register documentation was quite high, and 98.4 % of
required IMCI assessment tasks were documented in the
registers by health workers. Although we cannot know
with certainty the accuracy of information in the registers,
survey data from health worker observations and patient
re-examinations from the same time frame in Benin
showed similar trends as the register review data [20].
Therefore, in settings where health worker documentation
has been assessed to be complete, and potentially where a
sample of register data can be validated against health
worker observations, register review data abstraction can
permit analysis of a large number of consultations at lower
cost than health worker observations and can also avoid
the “Hawthorne” bias of better performance when health
workers know they are being observed [26, 37–39]. How-
ever, particular attention should still be given to assess-
ment of danger signs, which studies have indicated health
workers might miss during assessments [40, 41].
Third, our analyses were more exploratory than con-

firmatory in nature, with multiple statistical tests per-
formed across the 10 outcomes, thus increasing our
chances of Type I error. Although we did not make any
statistical adjustments (e.g., Bonferroni correction) for
the multiple tests [42], we are relatively confident that
relationships that held across several outcomes are not
likely to be spurious. Fourth, it is possible that health
worker practices were influenced by other factors that
were not measured in this study, such as health worker
motivation and beliefs in the importance of following
guidelines [22]. Fifth, we were unable to assess the qual-
ity of counseling for patients, given that this was not
documented in the register. Finally, our data are drawn
from facilities in a small geographical area of Benin dur-
ing a period immediately following initial IMCI intro-
duction in the early 2000s, thus representing a relatively
narrow context and highlighting the importance of
confirming these associations through additional studies.
Although the IMCI algorithm has been updated since
this study, most notably to include diagnostic testing for
malaria, health worker performance against IMCI guide-
lines is still low [23, 43] and understanding the factors
influencing their behavior from this and other studies
can help in crafting responses to poor performance—for
IMCI and other guidelines [44].

Conclusions
Despite its limitations, this study offers several import-
ant findings that have implications for case management
in Benin and other settings. First, a range of factors at
various levels can influence case-management quality,
and many of these influences can be outside a manager’s
direct control. For example, health worker age had one
of the most consistently strong negative influences on
case management quality. Although health worker age
might be a proxy for another factor (e.g., experience or
resistance to change) more directly related to poor
performance, it is a measurable indicator and points to
the importance of evaluating individual health worker
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performance on a regular basis and having targeted
follow-up with poorly performing individuals.
Significantly poorer treatment for children with danger

signs or anemia and some evidence of poorer treatment
for more complex cases indicates potential gaps of IMCI
training and supervision in addressing these types of pa-
tients. As real-life examples of children with danger signs
or more complex patient presentations might be uncom-
mon during initial IMCI practical training, IMCI program
managers should take advantage of training modalities
such as videos to expose health workers to more complex
cases. In addition, supervisors should review documented
cases of children with danger signs or anemia during
supervision visits and refresher training and remind health
workers about co-morbidities and the importance of asses-
sing and addressing all signs and symptoms. This would
also make consultations less driven by patient complaints,
for which we saw some evidence, and more by comprehen-
sive health worker assessment and classifications.
It is encouraging to see that additional supervision

visits were associated with better performance across a
number of outcomes, as previous evidence on supervi-
sion has been mixed [35]. A separate assessment found
that the quality of supervision was generally good [45],
and the supervision process was specifically tailored to
improve performance for IMCI-recommended tasks.
However, the low levels of performance of certain health
workers (see Fig. 1), which did not change significantly
over time [21], suggest that supervisors should focus more
attention on underperforming health workers. In addition
to more structured supervision, and regular on-the-job and
refresher trainings, program managers should also consider
creative strategies, such as group problem solving (includ-
ing improvement collaboratives [46]) or text message re-
minders to health workers’ mobile phones [47, 48] or
other forms of technology such as electronic job aids [49],
to improve particularly challenging performance issues.
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patient severity (for any PLTI classification).
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