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Abstract

Background

Malaria endemic countries have scaled-up community health worker (CHW) interventions,
to diagnose and treat malaria in communities with limited access to public health systems.
The evaluations of these programmes have centred on CHW’s compliance to guidelines,
but the broader changes at public health centres including utilisation and diagnoses made,
has received limited attention.

Methods

This analysis was conducted during a CHW-intervention for malaria in Rukungiri District,
Western Uganda. Outpatient department (OPD) visit data were collected for children under-
5 attending three health centres one year before the CHW-intervention started (pre-inter-
vention period) and for 20 months during the intervention (intervention-period). An inter-
rupted time series analysis with segmented regression models was used to compare the
trends in malaria, non-malaria and overall OPD visits during the pre-intervention and inter-
vention-period.

Results

The introduction of a CHW-intervention suggested the frequency of diagnoses of diarrhoeal
diseases, pneumonia and helminths increased, whilst the frequency of malaria diagnoses
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declined at health centres. In May 2010 when the intervention began, overall health centre
utilisation decreased by 63% compared to the pre-intervention period and the health centres
saw 32 fewer overall visits per month compared to the pre-intervention period (p<0.001).
Malaria visits also declined shortly after the intervention began and there were 27 fewer vis-
its per month during the intervention-period compared with the pre-intervention period
(p<0.05). The declines in overall and malaria visits were sustained for the entire interven-
tion-period. In contrast, there were no observable changes in trends of non-malarial visits
between the pre-intervention and intervention-period.

Conclusions

This analysis suggests introducing a CHW-intervention can reduce the number of child
malaria visits and change the profile of cases presenting at health centres. The reduction in
workload of health workers may allow them to spend more time with patients or undertake
additional curative or preventative roles.

Introduction

Malaria is one of the leading causes of under-5 child morbidity and mortality in low income
countries where children have limited access to public healthcare [1]. In order to increase
access to prompt effective treatment for malaria, many countries have implemented commu-
nity health worker (CHW) strategies as part of national malaria control programmes [2]. They
have been effective in reducing under-5 mortality by 40% and reducing the incidence of severe
malaria by 50% [3-5]. Recently CHWSs have been endorsed by the World Health Organization
(WHO), United Nations Children’s Fund (UNICEF) and international donors as a strategy to
meet the fourth Millennium Development Goal (MDG) of reducing under-5 mortality from
1990 levels by two-thirds by 2015.

In many Sub-Saharan African (SSA) countries without CHW interventions, malaria
accounts for an average of 50% of all outpatient department (OPD) visits and between 20%
to 90% of all hospital admissions [6-9]. When malaria treatment is available in the commu-
nity, there may be a shift in treatment seeking away from health centres to CHWs within a
child’s community [10]. This may partly arise by the closer proximity of the treatment pro-
vider in the child’s area compared to a health centre. Secondly, there may be reduced house-
hold costs associated with seeking treatment closer to home and finally, CHWs are often
elected by the community and might be more trusted and accepted providers compared to
health centre staff. We hypothesise that changes in treatment seeking may affect the condi-
tions that present at health centres. For example, if a large proportion of febrile visits are
treated in the community, the proportion of non-malaria fever visits may increase among
children attending health centres.

Many SSA countries are scaling up CHW interventions, specifically integrated community
case management (iCCM). The primary evaluations of these programmes have been on
CHW’s compliance to guidelines and disease-specific impacts whilst the effects of the CHW
programmes on public health centres have not been widely documented [11]. The aim of this
paper is to examine the effects of introducing a CHW intervention for malaria on health centre
utilisation by children under-5 in South Western Uganda.
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Materials and Methods
Ethical approval

Data analysed comes from routinely available, anonymised health management information
systems (HMIS) captured from three public health centres in the study area. Ethical approval
for the collection and analysis of the anonymised HMIS data was approved by institutional
review boards at the Uganda National Council of Science and Technology, Ministry of Health,
Uganda and the London School of Hygiene & Tropical Medicine. Local approval to collect and
analyse the HMIS data was also sought from the district health officer and health centre staff.

Study context

This study was conducted in parallel to an on-going CHW-intervention which examined the
impact of malaria rapid diagnostic tests (mRDTs) on the proportion of children under-5 years
receiving appropriately targeted artemisinin based combination therapy (ACT) (Nydyomu-
genyi 2015 in press). The intervention was conducted in a moderate-to-high malaria transmis-
sion setting within Bwambara Sub-county, Rukungiri District, South Western Uganda [12].
Bwambara lies 400km west of the capital Kampala with a population of approximately 28,900
with more than 85% living in rural areas [13]. The area experiences a bimodal pattern of annual
rainfall with a long rainy season between September and December and a short rainy season
from March to May. Malaria transmission is perennial with peaks in incidence shortly after the
rains. The public health system has three health centres that serve the sub-county’s population.
Two are classified as public health centre I and are limited to outpatient services. There is one
health centre III and in addition to outpatient services, it has maternity services, an inpatient
ward and microscopy for diagnosing malaria, it also acts as a referral centre for both lower
level IT health centres (Table 1) [14].

Community health worker intervention. The primary objective of the CHW-interven-
tion was to evaluate the effectiveness of mRDT's used to diagnose and treat only malaria with
ACTSs compared with the presumptive diagnosis and treatment of malaria. The intervention
was implemented at the village level, where 63 clusters were randomised to either the mRDT
diagnosis arm or the presumptive diagnosis arm. In total 189 CHWSs were trained (3 per vil-
lage) between January and February 2010, with separate training sessions for each arm. All
CHW s were trained on how to examine the febrile children, take their history and record basic
patient details on treatment registers. CHWs were also taught how to recognise children with
severe malaria and symptoms of other illnesses and how to refer them to the nearest public
health centre for further management. The 31 villages in the mRDT arm received additional
training in malaria diagnosis using mRDT's and to only prescribe ACTs after a positive test
result (further trial details available at www.actconsortium.org/RDThomemanagement). In
February 2010, public meetings were held with participating villages to disseminate key

Table 1. The structure of the Uganda National Health system in Bwambara Sub-county.

Health Number of Health Catchment Population Method of malaria
Centre Centres Served diagnosis
Health 2 Parish 5,000 mRDT
Centre Il
Health Outpatient, maternity services, inpatient 1 Sub-county 20,000 mRDT + light
Centre lll ward, microscopy + Parish microscopy

Adapted from Government of Uganda, Health Sector Strategic Plan Ill, 2010/11-2014/15[14]

doi:10.1371/journal.pone.0137448.1001
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messages that included, a) not all fevers are malaria, b) a diagnostic test was advisable before
treatment with an antimalarial and c) tests were available from CHWs in the intervention arm.
After CHWs completed training, the intervention was implemented in all villages during the
first week of May 2010. Immediately prior to the trial there were no other community case
management services operating in the sub-county.

Data collection. To analyse the impact of the CHW-intervention on the changes in health
centre visits before and after the introduction of the intervention, we reviewed OPD records on
children under-5 from the three health centres. Data were extracted from OPD treatment regis-
ters maintained by the health centre staff for the 12 months prior to the commencement of the
CHW-intervention (May 2009 to April 2010, the “pre-intervention period”) and for the full 20
months of the intervention (May 2010 to December 2011, the “intervention-period”). The
intervention did not introduce changes in the practice of OPD data collection or recording at
any of the three health centres. The routinely available OPD data captured demographic data
on age, sex, village of residence, diagnosis and date of visit. Malaria diagnosis at health centres
in Uganda was based on a presumptive diagnosis until 2009, when the National Malaria Con-
trol Programme adopted the WHO recommendation of universal parasitological testing at all
levels of the health care system [9]. Diagnosis of malaria at the health centres varied by the type
of health centre: the primary method of malaria diagnosis at the two level II health centres was
mRDT, whilst at the level III health centre the main method of malaria diagnosis was either by
light microscopy or mRDTs. When neither of these methods were possible, for example due to
a stock-out of mRDTs, a presumptive diagnosis was made. However, the method of diagnosis
for malaria or other conditions was not routinely recorded in the registers by health centre
staff.

This analysis of health centre OPD visits was conducted within the context of a cluster ran-
domised trial (CHW -intervention) and the locations of each health centre in relation to the
randomised villages (clusters) are shown in Fig 1. The aim of this analysis was to examine the
changes in the mean number of visits at health centres when a CHW-intervention for malaria
was implemented in the health centre’s catchment area.

Statistical methods. The diagnoses recorded in OPD registers by health centre staff were
categorised into commonly occurring childhood conditions (malaria, respiratory tract infec-
tions (RTIs), pneumonia, diarrhoea, helminths and other infections) during the pre-interven-
tion and intervention-period for each health centre and collectively for all three health centres.
Statistical chi-square tests were calculated to test the null hypothesis that there were no
differences in the age, sex and diagnoses made between the pre-intervention and intervention-
period. In addition, we calculated standardised differences the adjusted residuals (ARs)
between the observed and expected frequencies. These were calculated by dividing the residual
(observed minus the expected frequency) by the standard error of all the residuals. They mea-
sure the number of standard errors the residual falls from zero and follow a standard normal
distribution that allows hypothesis testing [15,16].

An interrupted time series (ITS) approach was used to analyse the longitudinal OPD visit
data and evaluate the impact of introducing a CHW-intervention on health centre utilisation,
taking into account background secular trends [17]. In an ITS approach, each unit of analysis
acts as its own control and one compares changes in the outcome of interest (here monthly
OPD visits) before and after the start of the CHW-intervention [17]. To undertake the ITS
analysis, segmented linear regression was used to estimate the effect of the intervention on
three outcomes at the health centres (malaria visits, non-malaria visits and overall visits) before
and after the introduction of the CHW-intervention. The specification of the linear regression
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Fig 1. Map of study area Bwambara Sub-county. The Map was generated by authors in Arc GIS 10.3. Sub-county boundaries were sourced from Global

Administrative Areas (http://gadm.org)
doi:10.1371/journal.pone.0137448.g001

model to be analysed for each outcome is:

Y, = f, + B, xtime, + f, X intervention, + 5, X time after intervention, + &€, (1)

Where Y, denotes the number of child visits (outcome) in month ¢ at a health centre for
malaria, non-malaria or overall visits; time is a continuous variable indicating the time in
months at time t over the entire period; trial is a dichotomous indicator variable for the CHW-
intervention, equal to zero before the start of the intervention and equal to one after the start of
the intervention; time after intervention is a continuous variable counting the number of
months after the CHW-intervention starts, and equal to zero before the intervention starts.
Finally, &, is an error term at time ¢ that represents random variability not explained by the
model.

With the variables defined as above, f3, estimates the number of visits per month at time 0
(baseline level of visit); B; estimates the secular trend in the number of visits per month over
the entire period; f, estimates the level change in the number of visits per month immediately
after the trial (the immediate effect of the intervention on the outcome of interest); 35 is the
coefficient that captures the change in trend in the number of visits after the start of the inter-
vention. The sum of 3, and f; is the intervention-period slope. By controlling for baseline level
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Fig 2. Graphical representation of the parameters in the segmented regression Eq 1 using artificial data.

doi:10.1371/journal.pone.0137448.9002

and trend, the model estimates level and trend changes associated with the start of the interven-
tion. The coefficients are illustrated graphically in Fig 2 and describe the analysis undertaken
using Eq 1.

The Durbin-Watson statistic was used to test for the presence of autocorrelation on the
error term £,. When this was detected, regression coefficients were estimated using a Prais-
Winsten estimator [18].

Finally, assuming that the changes in trend would remain the same in the future, we used
the estimated regression coefficients to predict changes in each outcome at 3, 6, 12 and 18
months after the introduction of the intervention [19]. These estimates were compared with a
simulated counterfactual, to project expected values in the absence of the intervention. This
assumes the trends continue along the same trajectory as in the pre-intervention period (f; =
0). Percentage changes were calculated for any visit and malaria-specific visits for each health
centre separately and for all three combined.

Data were entered using Microsoft Access 2007 (Microsoft Inc., Redmond, Washington),
cleaned and analysed using STATA version 13.1 and the ‘prais’ package (STATA Corporation,
College Station, Texas).

Results

Throughout the 12-month pre-intervention and 20-month intervention-period, a total of
11,422 visits were reported from all health centres and 97% of these came from the same sub-
county where the CHW-intervention was implemented. Approximately 3% of visits originated
from neighbouring sub-counties and were excluded from the analysis. The utilisation of all
three health centres was higher during the pre-intervention period (509 visits per month) com-
pared to the intervention-period (265 visits per month).

The age distribution of visits at health centres was statistically different between the two
periods (x* = 66.6, df = 4, p<0.001). The ARs revealed the largest changes in age frequencies
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Table 2. Characteristics and diagnoses made of children attending all three health centres.

Total number of visits
Age in years$

<1.0
1.0-2.9
3.0-4.9
5.0-11.0
Sex”

Male

Female

Total diagnoses made®
Diagnosis”

Malaria

Respiratory tract infection
Pneumonia

Diarrhoea

Helminths

Other

Average number of diagnoses per
visit

12 month Pre-intervention period 20 month Intervention-period Adjusted P-
(%) (%) Residual value
6110 5312
1650 (27.3) 1737 (33.1) 6.7 <0.001
3252 (53.7) 2548 (48.5) -5.5 <0.001
1124 (18.6) 942 (17.9) -0.9 0.195
25 (0.4) 24 (0.5) 0.4 0.363
2792 (46.2) 2441 (47.1) -1.0 0.456
3257 (53.8) 2740 (52.9) 1.0 0.456
9721 8708
4400 (45.3) 1845 (21.2) -37.4 <0.001
2644 (27.2) 2735 (31.4) 6.3 <0.001
59 (0.6) 123 (1.4) 5.5 <0.001
538 (5.5) 593 (6.8) 3.6 <0.001
428 (4.4) 771 (8.9) 12.2 <0.001
1652 (17.0) 2641 (30.3) 21.4 <0.001
1.5 1.5

S‘*Age missing 59 pre-intervention period, 61 intervention-period

*Sex missing 61 pre-intervention period and 131 intervention-period

€ It was possible for children attending health centres, to have more than one diagnosis

”RTl includes cough, cold, flu, excludes pneumonia, TB and asthma. A child can have more than one diagnosis.

Other diagnoses pre-intervention include: Skin infections (1.9%), burns, wounds, injuries (0.3%), eye infections (2.2%), epilepsy (0.2%), ear conditions
(1.4%), gastro intestinal infections (0.6%), STls (0.03%), fungal infections (0.2%), viral infections (0.07%); Other diagnoses trial period include: Skin
infections (4.5%), burns, wounds, injuries (0.9%), eye infections (5.3%), epilepsy (0.7%), ear conditions (2.6%), gastro intestinal infections (0.8%), STls
(0.1%), fungal infections (0.7%), viral infections (0.6%)

doi:10.1371/journal.pone.0137448.1002

were in children aged <1 year (AR = 6.7, p<0.001), 1.0-2.9 years (AR = -5.5, p<0.001) and
there were no significant changes for children aged between 3.0-4.9 years (AR = 0.2, p<0.195)
or 5.0-11.0 years (AR = 0.4, p = 0.363) (Table 2). The change in age frequencies suggests visits
of infants (<1 year) increased during the intervention-period compared to the pre-intervention
period, whilst there were decreases in visits from children aged between 1.0-4.9 years. There
were no significant differences between the frequencies of male or female visits between the
two time periods (Table 2).

OPD Diagnoses

Table 2 also shows the combined childhood diagnoses made by health centre staff at the three
health centres. Malaria contributed to approximately 45% of all diagnoses made during the
pre-intervention period, followed by RTIs (27%), diarrhoea (6%), helminth infections (4%),
pneumonia (1%) and other diagnoses (17%). During the intervention-period the frequencies of
diagnoses at the three health centres changed significantly when compared to the pre-interven-
tion period (* = 1346.4, df = 4, p<0.001). There was a significant decline in malaria diagnoses
observed between the two time periods (AR = -37.4, p<0.001), whilst the frequency of other
diagnoses (AR = 21.4, p<0.001), helminths (AR = 12.2, p<0.001), RTIs (AR = 6.3, p<0.001),
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pneumonia (AR = 5.5, p<0.001) and diarrhoea (AR = 3.6, p<0.001) all increased from the pre-
intervention to the intervention-period.

Trends in malaria, non-malaria and overall visits

The graphs in Fig 3 show the trends of a) malaria, b) non-malaria and c) overall visits at the
three health centres combined. During the pre-intervention period there were seasonal peaks
of malaria visits during the two rainy seasons between October-December 2009 and between
March-April 2010. When the intervention started in May 2010, a drop in malaria visits was
observed, with no seasonal variation in visits during the intervention-period (Fig 3A). In con-
trast, the patterns of non-malaria visits did not change substantially between the two periods
(Fig 3B). Finally, the trends of overall visits during the pre-intervention and intervention-
period are shown in Fig 3C. Collectively, the health centres saw similar patterns of visits as
those for malaria, with two large peaks of visits coinciding with the rainy seasons. Shortly after
these peaks the health centres saw a sharp drop in visits when the CHW-intervention began
and there appeared to be substantially fewer visits during the intervention-period compared
with pre-intervention period (Fig 3C).

Segmented regression results

Table 3 shows the segmented regression results for malaria, non-malaria and overall visits for
the three health centres combined. The regression coefficient ; estimates the average number
of visits during the pre-intervention period and indicates health centres saw an increase of
approximately 20 malaria visits per month. The average difference between pre-intervention
trend and the intervention-period slope is estimated by f; and after the intervention began
there were 27 fewer malaria visits per month compared with the pre-intervention period
(Table 3). The health centres saw a sharp change in malaria visits in May 2010 within one
month after the start of the intervention, and an estimate of the percentage change was calcu-
lated using the regression coefficients estimated from Table 3. These suggest that in May 2010
there was an average of 261.7 visits per month, whilst in the absence of the intervention 722.0
malaria visits per month would have been observed. This suggests the absolute effect of the
intervention was a sharp drop of 63.8% in malaria visits in May 2010. Despite the clear changes
in trends for malaria visits, there was poor evidence to indicate changes in non-malaria visits.
The results in Table 3 indicate an increase in the mean number of non-malaria visits during
the pre-intervention period and that these declined by 40 visits per month when the interven-
tion started, however these changes did not reach significance.

The results of the segmented regression analysis for overall visits in Table 3 reflect similar
findings as those presented in Fig 3C. At the beginning of the period of observation (May
2009) 296 consultations were reported from all three health centres and during the pre-inter-
vention period the average number of visits increased by 33 per month. These increases at
health centres were reversed with a drop shortly after the start of the intervention with 428
fewer monthly visits compared to the pre-intervention period, which represents a 63% decrease
in the mean number of overall visits at health centres between the two time periods (p<0.001).
The average difference between pre-intervention trend and the intervention-period slope
found that health centres received 32 fewer visits per month compared with the pre-interven-
tion period (Table 3). The number of visits during the intervention-period remained constant
throughout the period because there was no change in trend during the intervention-period
(Fig 3C).

The adjusted segmented regression models incorporated an indicator variable to capture
the effects of the rainy seasons on visits (Table 3). When compared to the unadjusted results,
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Fig 3. Trends in visits during the pre-intervention and intervention-period at all health centres. A)
Malaria visits, B) Non-malaria visits and C) Overall visits.

doi:10.1371/journal.pone.0137448.g003

there was no longer evidence for an increasing trend in malaria visits at health centres during
the pre-intervention period, and the magnitude of decline in malaria visits when the interven-
tion began was slightly smaller (219 visits per months) compared with the unadjusted results
(245 visits per month). In addition, malaria visits peaked by approximately 52 visits per month
during the rainy seasons. There were no substantial changes in non-malaria visits and overall
visits between the adjusted and unadjusted results (Table 3).

Table 4 uses the coefficients presented in Table 3 to calculate the simulated counterfactual
visits that would have occurred in the absence of the CHW-intervention. At all the health cen-
tres these were calculated for malaria, non-malaria and overall visits at 3, 6, 12 and 18 months
after the start of the intervention. Three months after the intervention began malaria and over-
all visits declined by 68% and continued to decline throughout the course of the intervention
and there were no significant changes in non-malaria visits.

The declines in overall health centre are plotted alongside all visits to CHWs as part of the
intervention. The data in Fig 4 shows when the intervention began in May 2010 there was a
sharp rise in visits at CHWs which gradually declined in subsequent months, except for a peak
in visits from October to December 2011. The average number of visits at the CHW-interven-
tion was 1,267 per month, which exceeded the average number of malaria visits at health cen-
tres (80 per month) during the months of the intervention-period.

Supplementary analyses

An additional analysis was undertaken to compare the age distributions and diagnoses between
two equal time periods, a 12-month pre-intervention period and a 12-month intervention-

Table 3. Changes in level and trend of malaria, non-malaria and overall visits at three health centres combined, results from a segmented linear
regression model, unadjusted and adjusted results.

Constant (Bo)

Secular trend (84)

Change in level after intervention starts

(B2)

Change in slope after intervention starts

(Bs)

Rainy season (84)

Standard errors in parenthesis
*p<0.05

** p<0.01

**% p<0.001

Unadjusted Adjusted”
Malaria Non-malaria Overall Malaria Non-malaria Overall
visits® visits visits visits® visits visits
207.7** 106.0%** 296.3*** 204.0%* 106.3*** 204 4***
(70.9) (23.3) (46.5) (70.8) (23.7) (45.5)
19.2% 5.6 32.7*** 15.7 6.0 290.8***
(8.9) (3.2) (6.3) (8.9) (3.4) (6.5)
-245.0%** -39.8 -427.9%** -218.7** -42.6 -408.3***
(65.9) (27.1) (54.0) (62.9) (28.3) (54.3)
-27.1*% -1.8 -32.3*%** -24.7% 2.1 -30.0%**
(11.0) (3.5) (7.0) (11.1) (3.6) (7.0)
51.8* -6.1 42.8
(23.7) (14.6) (28.1)

$model includes an adjustment for autocorrelation

Aadjusted for bimodal rainy seasons.

doi:10.1371/journal.pone.0137448.1003
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Table 4. Percentage change in health centre visits for malaria, non-malaria visits and overall visits over time unadjusted and adjusted results.

Unadjusted Adjusted”
Malaria Non-malaria Overall Malaria Non-malaria Overall
visits® visits” visits visits visits” visits”
% Change 3 months after intervention -68.6 -24.1 -67.9 -69.7 -25.2 -68.6
starts
% Change 6 months after intervention -75.8 -24.7 -71.2 -77.9 -26.1 -72.0
starts
% Change 12 months after intervention -86.8 -25.8 -76.1 -90.4 -27.4 -77.0
starts
% Change 18 months after intervention -94.5 -26.5 -79.5 -99.5 -28.4 -80.5
starts

$Model includes an adjustment for autocorrelation
*Percentage changes not significantly different from zero
Aadjusted for bimodal rainy seasons.

doi:10.1371/journal.pone.0137448.1004
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Fig 4. Trends in malaria visits at health centres and visits to the community health worker intervention, during the pre-intervention and
intervention-period.

doi:10.1371/journal.pone.0137448.9004
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period (Table A in S1 File). This found the same changes in age visits as the analysis with a
20-month intervention-period. Children <1 year increased during the 12-month intervention-
period, whilst children aged between 1.0-2.9 years decreased and no significant changes were
seen with children aged 3 years or greater (Table A in S1 File).The analysis of diagnoses found
similar changes, as the frequency of malaria diagnoses during the 12-month intervention-
period decreased, RTIs, pneumonia, diarrhoea, helminths and other diagnoses all increased
during the intervention-period (Table A in S1 File).

The aggregated results mask some of the heterogeneity seen at the individual health cen-
tres, and to examine patterns of visits at each individual health centre a further set of analyses
were undertaken (Table B in S1 File). During the pre-intervention period, level IT health cen-
tres saw a monthly increase in malaria and overall visits, ranging between 9 and 18 visits per
month. One month after the start of the intervention, both level II health centres saw a drop
in visits that ranged from 127 to 142 fewer visits per month (Table B in S1 File). Shortly after
the drop, in the intervention-period health centres IIs saw between 8 and 20 fewer visits per
month compared to the pre-intervention period. Despite the changes seen at each individual
health centre for malaria and overall visits, there were no obvious changes at each health cen-
tre for non-malaria visits (Table C in S1 File). The higher level health centre III saw no signif-
icant change in the number of monthly malaria or overall visits during the pre-intervention
period, however there was a significant drop in overall visits when the intervention began
(Table Fin S1 File).

The regression results adjusted for the rainy seasons were broadly similar compared to the
unadjusted results for each health centre. However, health centre III saw a large reduction of
129.2 malaria visits compared with a non-significant reduction of 44.2 visits in the unadjusted
model (Table B in S1 File). The adjusted results also showed an increase of between 15-18
malaria and overall visits per month at Kikongi Health Centre II during the rainy seasons
(Table B in S1 File, Table F in S1 File).

The percentage change in visits at each health centre was also calculated using a simulated
counterfactual. Both health centre IIs saw an estimated 90% decline in malaria visits and both
centres followed similar patterns of decline 18 months after the intervention started (Table C
in S1 File). There was little difference between the adjusted and unadjusted percentage changes,
suggesting the rainy season did not affect the results.

Discussion

This interrupted time series analysis shows a decline in health centre utilisation for malaria and
overall visits shortly after the introduction of a CHW-intervention for malaria diagnosis and
treatment. This decline did not occur gradually over the study period, rather there was a clear
drop in visits that coincided with the introduction of the intervention to the surrounding com-
munities. Three months after the invention began malaria and overall visits declined by an
average of 70% across the three health centres, however there was little evidence to suggest any
change in the average number of non-malaria visits at the health centres. The reductions in
both malaria visits and overall visits were sustained beyond an initial three-month period, after
18 months malaria visits had decreased by 95% and overall visits by 80% when compared to
the pre-intervention period. In relation to these changes a marked increase in utilisation of
CHWs (1,267 visits per month) was reported, when compared with malaria-visits at health
centres (Fig 4). This suggests there was a shift in caretaker treatment seeking from public health
centres to CHWs during the intervention-period and that access to malaria diagnosis and treat-
ment also increased when compared to the pre-intervention period. Both the shift in treatment
seeking and the increased access suggest a greater utilisation of case management services for
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those in rural areas. These findings are similar to household cross-sectional surveys where
27%-59% of caretakers first sought treatment from CHW:S treating malaria [20-22].

In this study, CHWs only treated malaria and saw the proportion of malaria diagnoses
approximately halved at health centres between the pre-intervention and intervention-periods.
The diagnoses made for RTTs, pneumonia, diarrhoea, helminth and other diagnoses all
increased during the intervention-period. There could be a number of explanations for this
change. Firstly, there were more overall visits to CHWs by caretakers and a larger number of
non-malaria visits may have been referred to health centres, which would have been unlikely in
the absence of a CHW-intervention. Secondly, the change in diagnoses could be due to health
workers being more alert and aware to the possibility of other diagnoses, knowing that CHW's
in their health centre catchment area are diagnosing and treating malaria, and therefore tend
to diagnose other conditions over malaria. However, previous studies report a low frequency of
referral making by CHWs and a low compliance to referral advice by caretakers [23,24]. This
was also confirmed in this study by examining CHW’s and health centre worker’s treatment
registers from the intervention trial, which suggested that only 13% of children referred from a
CHW to a health centre actually went (i.e. completed the referral). Thus referral may explain
only a small fraction of visits attending for non-malaria diagnoses, whilst the change in clinical
decision-making by health workers may be an explanation that accounts for the increase in the
diagnoses of non-malarial conditions.

There are a number of limitations that need to be considered when interpreting the findings
from this analysis. The impacts of new healthcare programmes are ideally evaluated using
experimental study designs such as cluster randomised controlled trials. However, when pro-
grammes begin to scale up at a district or national level they are not randomised and evaluating
impacts on health systems can be achieved using routinely available health centre data. There-
fore a non-experimental interrupted time series approach was used with segmented regression
models and these are becoming more commonly used to assess impacts of health programmes
or policies [18,25]. Another approach to analyse the routinely available visit data would be to
use auto-regressive integrated moving average modelling (ARIMA) [26]. However, ARIMA
modelling-based approaches require a large number of data points over time and much of the
routinely available data from low and middle-income countries are not available for long peri-
ods of time and can be irregularly reported. As with all non-randomised studies, causal infer-
ence from the interrupted time-series approach is limited because it is impossible to rule out
alternative explanations for observed changes in visits at health centres. For example, one
explanation for the observations found could be a change in data recording practices, however
the study did not introduce data collection tools at the health centres to systematically collect
data over the entire period of the analysis and no other changes in routine reporting took place
during the period of this analysis. Another explanation for the decrease in malaria visits could
be the misclassification of diagnoses as malaria instead of other non-malaria febrile illness.
During the pre-intervention period if health centres experienced stock-outs of mRDT's and
continued with a presumptive diagnosis of malaria this may have resulted in a practice of over
diagnosing visits as malaria. In contrast, during the intervention-period health centres were
supported by the project with regular supplies of mRDTSs, and the increased stock and use of
mRDTs during this period may have improved the accuracy of malaria diagnoses compared to
the pre-intervention period.

Another explanation for the changes in utilisations observed between the two periods could
be the changes in individual demographic or socio-economic characteristics of caretakers visit-
ing health centres. These may have changed between the pre-intervention period and the inter-
vention-period and may have led to different patterns of health centre utilisation. However, as
the unit of analysis in the segmented regression model was the monthly number of visits, it was
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not possible to undertake an analysis with individual-level covariates nor was it possible to
determine whether there was a change in characteristics visiting between the two periods.
Regardless, routine OPD data does not include detailed characteristics or socio-economic
information on each visit. Individual level characteristics, such as child age or sex, would only
confound the time series results if they were associated with the outcome and changed in rela-
tion to the timing of the intervention.

Another set of factors to be considered is whether malaria risk declined over the time period
of this study. Rainfall is a predictor of malaria admissions to hospitals and may have changed
between the pre-intervention and intervention-period [27]. Rainfall affects vector density by
providing breeding sites for vectors and their development during the immature stages of the
mosquito [28]. We estimated monthly rainfall in South-Western Uganda from the National
Oceanic and Atmospheric Administration satellite, and did not change between the pre-inter-
vention and intervention-period (32mm and 31mm, respectively), suggesting it is unlikely
rainfall affected the changes in health centre visits found in this analysis [29]. Similarly parasi-
tological malaria surveillance data collected from a neighbouring district suggested prevalence
was comparable during pre-intervention period (43.4%) and intervention-period (43.9%) [12].
Finally, during the intervention-period CHWs were also mobilised to distribute insecticide-
treated nets (ITNs) to all villages and other studies have found net distribution may play a role
in decreased utilisation of health services for malaria [30]. Four months after the start of the
CHW-intervention in May 2010 ITNs were distributed to all villages. Therefore, ITN distribu-
tion could not have explained the immediate decline in malaria visits the subsequent declines 3
months after the intervention. However, it is plausible that ITNs may have supported the
continued reductions in malaria trends during the intervention-period in parallel with the
CHW-intervention. Unfortunately it is not possible to separate effects of ITNs and the CHW-
intervention on health centre visits in this study. Another explanation for the abrupt decrease
in visits during the intervention-period could be a sharp decline in the population under-5
years within the sub-country. However, this seems unlikely and was not reported by the project
or health staff.

Despite these potential limitations and the relatively short period of observation, it is
unlikely that the sharp declines in malaria and overall visits observed would be seen in a short
time frame in the absence of our CHW-intervention. We are thus confident that the changes
we observed can be attributed to the intervention operating within the population catchment
area of the three health centres. This is further supported by the timing of the dramatic
decreases in malaria and overall visits reported by health centres that coincided with the same
month as the start of the intervention. Data from the CHW treatment registers suggest that all
CHWs in the sub-county were reporting management of malaria visits in the first month of the
intervention.

These findings are consistent with all previous observational studies that have documented
the effects of health centre utilisation during the introduction of a community case manage-
ment programme. Studies in Burkina Faso, Rwanda and Southern Tigray, Ethiopia reported
reductions in overall visits to public health centres of 83%, 48%, and 46% respectively
[10,31,32]. It is important to note that methodological differences between these studies, in
terms of study design, length of the CHW-intervention, case definitions for malaria and multi-
ple CHW activities, restrict cross country comparisons. The study in Rwanda by Sievers et al
was the only study to capture changes in diagnoses, finding a 24 percentage point increase in
non-malaria admissions between the pre and post-intervention period [31]. However, ITNs
were also distributed in addition to training CHWs to diagnose malaria presumptively, there-
fore it is not possible to discern the relative contribution of the two control activities to the
reduction in admissions in Rwanda [31].
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In SSA countries where malaria poses a considerable burden on the health system and
where there is a shortage of healthcare workers, our analysis suggests CHW-interventions can
alleviate the often overwhelming caseload at health centres. Many of these countries, including
Uganda face a shortage of qualified healthcare workers and WHO recommends a ratio of 2.3
healthcare workers per 1,000 population as a minimum to meet the MDGs and Uganda’s ratio
remains below the target level at 1.8 per 1,000 [33-35]. A low healthcare worker to patient ratio
results in greater caseload and poorer quality of care due to time pressures that affect their abil-
ity to follow guidelines and best practices, which in turn results in poor patient outcomes such
as readmissions and increased mortality [36]. From our study, we found visits can be reduced
by 63% immediately after the introduction of a CHW-intervention and the reduction can be
sustained throughout the duration of the intervention. Shifting workload from health workers
to CHWs suggests more consulting time would be available for patients at health centres,
which has shown to improve patient diagnoses and treatment in low and middle income coun-
tries [37,38]. It may also allow the role of health workers to be expanded to include other ame-
liorative tasks, outreach services or the supervision of CHWs.

Conclusion

The introduction of CHWSs can reduce the number of patient visits presenting as malaria and
change the profile of cases seen at health facilities. As malaria endemic countries begin to scale
up community-based treatment interventions such as iCCM, there may be reductions in the
utilisation of health services as caretakers use CHWs instead. There is a need for further
research to document the impact these changes may have on health services and healthcare
financing. Priorities for future research should include estimating changes in caretaker’s treat-
ment seeking behaviour, allocation of health worker’s time, quality of care and the diagnoses
being made at health centres when CHW3s are implemented. This evidence would help plan
how available healthcare resources can be distributed more efficiently in countries with high
patient caseloads and constrained healthcare budgets.

Supporting Information

S1 File. Twelve month intervention-period analysis and analysis by each health centre.
(DOCX)

Acknowledgments

We acknowledge the support of the District Health Officer of Rukungiri and the Health Centre
Staff for allowing us to use the outpatient department registers and Dr. Ayesha Kadir for help-
ing to code the diagnoses from the health centre OPD registers. I thank the data entry clerks
for entering all the OPD data and Dr. Anthony Mbonye, Débora Miranda, Dr. Kristian Hansen
and Maru Aregawi at WHO, for their comments on earlier versions of the manuscript. Finally
I also thank the anonymous reviewers for their constructive comments to manuscript.

Author Contributions

Conceived and designed the experiments: SL ML NDA. Performed the experiments: SL. Ana-
lyzed the data: SL. Contributed reagents/materials/analysis tools: SL RN. Wrote the paper: SL
RN NDA ML LP PM DC SEC.

PLOS ONE | DOI:10.1371/journal.pone.0137448 September 10,2015 15/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137448.s001

@’PLOS ‘ ONE

Health Facility Visit Changes during a CHW-Intervention in Uganda

References

1.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, et al. Global, regional, and national causes of
child mortality: an updated systematic analysis for 2010 with time trends since 2000. Lancet. 2012; 379:
2151-61. doi: 10.1016/S0140-6736(12)60560-1 PMID: 22579125

Rasanathan K, Mufiiz M, Bakshi S, Kumar M, Solano A, Kariuki W, et al. Community case management
of childhood illness in sub-Saharan Africa—findings from a cross-sectional survey on policy and imple-
mentation. J Glob Health. 2014; 4: 020401. doi: 10.7189/jogh.04.020401 PMID: 25520791

Sirima SB, Konate A, Tiono AB, Convelbo N, Cousens S, Pagnoni F. Early treatment of childhood
fevers with pre-packaged antimalarial drugs in the home reduces severe malaria morbidity in Burkina
Faso. Trop Med Int Heal. 2003; 8: 133—139. Available: http://onlinelibrary.wiley.com/doi/10.1046/j.
1365-3156.2003.00997 .x/abstract

Kidane G, Morrow RH. Teaching mothers to provide home treatment of malaria in Tigray, Ethiopia: a
randomised trial. Lancet. 2000; 356: 550-555. doi: 10.1016/S0140-6736(00)02580-0 PMID: 10950232

Okwundu CI, Nagpal S, Musekiwa A, Sinclair D. Home- or community-based programmes for treating
malaria. Cochrane database Syst Rev. 2013; 5: CD009527. doi: 10.1002/14651858.CD009527.pub2
PMID: 23728693

WHO. Africa Malaria Report 2003 [Internet]. Geneva; 2003. Available: http://www.who.int/malaria/
publications/atoz/whocdsmal20031093/en/

WHO. Africa Malaria Report 2006 [Internet]. Geneva; 2006. Available: http://www.afro.who.int/index.
php?option = com_docman&task = doc_download&gid=479

Steinhardt LC, Chinkhumba J, Wolkon A, Luka M, Luhanga M, Sande J, et al. Quality of malaria case
management in Malawi: Results from a nationally representative health facility survey. PLoS One.
2014; 9. doi: 10.1371/journal.pone.0089050

Uganda Ministry of Health. Uganda Malaria Program Review Report 2001-2010. Kampala; 2011.

Tiono AB, Kabore Y, Traore A, Convelbo N, Pagnoni F, Sirima SB. Implementation of Home based
management of malaria in children reduces the work load for peripheral health facilities in a rural district
of Burkina Faso. Malar J. 2008; 7: 201. doi: 10.1186/1475-2875-7-201 PMID: 18834504

Wazny K, Sadruddin S, Zipursky A, Hamer DH, Jacobs T, Kallander K, et al. Setting global research pri-
orities for integrated community case management (iCCM): Results from a CHNRI (Child Health and
Nutrition Research Initiative) exercise. J Glob Health. 2014; 4. doi: 10.7189/jogh.04.020413

Sserwanga A, Harris JC, Kigozi R, Menon M, Bukirwa H, Gasasira A, et al. Improved malaria case man-
agement through the implementation of a health facility-based sentinel site surveillance systemin
Uganda. PLoS One. 2011; 6: e16316. doi: 10.1371/journal.pone.0016316 PMID: 21283815

Rukungiri District Local Government. Higher Local Government Statistical Abstract, Rukungiri District
[Internet]. 2009. Available: http://www.ubos.org/onlinefiles/uploads/ubos/2009_HLG_Abstract_printed/
RUKUNGIRI FINAL DISTRICT ABSRACT 2008-09.pdf

Ministry of Health. Health Sector Strategic Plan 111 2010/11-2014/15. 2014.

Haberman SJ. The Analysis of Residuals in Cross-Classified Tables. Biometrics. International Biomet-
ric Society; 1973; 29: 205—220. doi: 10.2307/2529686

Agresti A. An introduction to categorical data analysis. Second Edi. Hoboken, New Jersey: John
Wiley & Sons, Inc.; 2007.

Penfold RB, Zhang F. Use of interrupted time series analysis in evaluating health care quality improve-
ments. Acad Pediatr. 2013; 13: S38—44. doi: 10.1016/j.acap.2013.08.002 PMID: 24268083

Lagarde M. How to do (or not to do). . .Assessing the impact of a policy change with routine longitudinal
data. Health Policy Plan. 2012; 27: 76—-83. doi: 10.1093/heapol/czr004 PMID: 21278077

Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D. Segmented regression analysis of interrupted
time series studies in medication use research. J Clin Pharm Ther. 2002; 27: 299—-309. doi: 10.1046/j.
1365-2710.2002.00430.x PMID: 12174032

Kalyango JN, Lindstrand A, Rutebemberwa E, Ssali S, Kadobera D, Karamagi C, et al. Increased use
of community medicine distributors and rational use of drugs in children less than five years of age in
Uganda caused by integrated community case management of fever. Am J Trop Med Hyg. 2012; 87:
36—45. doi: 10.4269/ajtmh.2012.11-0733 PMID: 23136276

Nsungwa-Sabiiti J, Peterson S, Pariyo G, Ogwal-Okeng J, Petzold MG, Tomson G. Home-based man-
agement of fever and malaria treatment practices in Uganda. Trans R Soc Trop Med Hyg. 2007/10/20
ed. 2007; 101: 1199-1207. S0035-9203(07)00246-5 [pii] doi: 10.1016/j.trstmh.2007.08.005 PMID:
17945320

PLOS ONE | DOI:10.1371/journal.pone.0137448 September 10,2015 16/17


http://dx.doi.org/10.1016/S0140-6736(12)60560-1
http://www.ncbi.nlm.nih.gov/pubmed/22579125
http://dx.doi.org/10.7189/jogh.04.020401
http://www.ncbi.nlm.nih.gov/pubmed/25520791
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-3156.2003.00997.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-3156.2003.00997.x/abstract
http://dx.doi.org/10.1016/S0140-6736(00)02580-0
http://www.ncbi.nlm.nih.gov/pubmed/10950232
http://dx.doi.org/10.1002/14651858.CD009527.pub2
http://www.ncbi.nlm.nih.gov/pubmed/23728693
http://www.who.int/malaria/publications/atoz/whocdsmal20031093/en/
http://www.who.int/malaria/publications/atoz/whocdsmal20031093/en/
http://www.afro.who.int/index.php?option�=�com_docman&amp;task�=�doc_download&amp;gid=479
http://www.afro.who.int/index.php?option�=�com_docman&amp;task�=�doc_download&amp;gid=479
http://dx.doi.org/10.1371/journal.pone.0089050
http://dx.doi.org/10.1186/1475-2875-7-201
http://www.ncbi.nlm.nih.gov/pubmed/18834504
http://dx.doi.org/10.7189/jogh.04.020413
http://dx.doi.org/10.1371/journal.pone.0016316
http://www.ncbi.nlm.nih.gov/pubmed/21283815
http://www.ubos.org/onlinefiles/uploads/ubos/2009_HLG_Abstract_printed/RUKUNGIRI FINAL DISTRICT ABSRACT 2008-09.pdf
http://www.ubos.org/onlinefiles/uploads/ubos/2009_HLG_Abstract_printed/RUKUNGIRI FINAL DISTRICT ABSRACT 2008-09.pdf
http://dx.doi.org/10.2307/2529686
http://dx.doi.org/10.1016/j.acap.2013.08.002
http://www.ncbi.nlm.nih.gov/pubmed/24268083
http://dx.doi.org/10.1093/heapol/czr004
http://www.ncbi.nlm.nih.gov/pubmed/21278077
http://dx.doi.org/10.1046/j.1365-2710.2002.00430.x
http://dx.doi.org/10.1046/j.1365-2710.2002.00430.x
http://www.ncbi.nlm.nih.gov/pubmed/12174032
http://dx.doi.org/10.4269/ajtmh.2012.11&ndash;0733
http://www.ncbi.nlm.nih.gov/pubmed/23136276
http://dx.doi.org/10.1016/j.trstmh.2007.08.005
http://www.ncbi.nlm.nih.gov/pubmed/17945320

@’PLOS ‘ ONE

Health Facility Visit Changes during a CHW-Intervention in Uganda

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

Ajayi IO, Browne EN, Garshong B, Bateganya F, Yusuf B, Agyei-Baffour P, et al. Feasibility and accept-
ability of artemisinin-based combination therapy for the home management of malaria in four African
sites. [Internet]. Malaria journal. 2008. doi: 10.1186/1475-2875-7-6

Thomson A, Khogali M, de Smet M, Reid T, Mukhtar A, Peterson S, et al. Low referral completion of
rapid diagnostic test-negative patients in community-based treatment of malaria in Sierra Leone. Malar
J.2011;10: 94. doi: 10.1186/1475-2875-10-94 PMID: 21496333

Kallander K, Tomson G, Nsungwa-Sabiiti J, Senyonjo Y, Pariyo G, Peterson S. Community referral in
home management of malaria in western Uganda: a case series study. BMC Int Heal Hum Rights.
2006; 6: 2. doi: 10.1186/1472-698X-6-2

Ramsay CR, Matowe L, Grilli R, Grimshaw JM, Thomas RE. Interrupted time series designs in health
technology assessment: lessons from two systematic reviews of behavior change strategies. Int J
Technol Assess Health Care. 2003; 19: 613-623. doi: 10.1017/S0266462303000576 PMID: 15095767

McCleary R, Hay RA, Meidinger EE, McDowall D. Applied time series analysis for the social sciences.
Sage Publications Beverly Hills, CA; 1980.

Hay SI, Snow RW, Rogers DJ. Predicting malaria seasons in Kenya using multitemporal meteorological
satellite sensor data. Trans R Soc Trop Med Hyg. 1998; 92: 12—20. doi: 10.1016/S0035-9203(98)
90936-1 PMID: 9692138

Martens P, Kovats RS, Nijhof S, De Vries P, Livermore MTJ, Bradley DJ, et al. Climate change and
future populations at risk of malaria. Glob Environ Chang. 1999; 9: S89-S107. doi: 10.1016/S0959-
3780(99)00020-5

NOAA. Climate prediction center [Internet]. 2010 [cited 8 Jul 2015]. Available: http://www.cpc.ncep.
noaa.gov/products/fews/data.shtml

Okiro EA, Hay SI, Gikandi PW, Sharif SK, Noor AM, Peshu N, et al. The decline in paediatric malaria
admissions on the coast of Kenya. Malar J. 2007; 6: 151. doi: 10.1186/1475-2875-6-151 PMID:
18005422

Sievers AC, Lewey J, Musafiri P, Franke MF, Bucyibaruta BJ, Stulac SN, et al. Reduced paediatric hos-
pitalizations for malaria and febrile iliness patterns following implementation of community-based
malaria control programme in rural Rwanda. Malar J. 2008; 7: 167. doi: 10.1186/1475-2875-7-167
PMID: 18752677

Lemma H, Byass P, Desta A, Bosman A, Costanzo G, Toma L, et al. Deploying artemether-lumefan-
trine with rapid testing in Ethiopian communities: impact on malaria morbidity, mortality and healthcare
resources. Trop Med Int Heal. 2010; 15: 241-250. doi: 10.1111/].1365-3156.2009.02447 .x

WHO. Working Together For Health, The World Health Report 2006 [Internet]. Geneva; 2006. Avail-
able: http://www.who.int/whr/2006/whr06_en.pdf?ua=1

Uganda Ministry of Health. Ministry of Health Statistical Abstract 2010. Kampala; 2010.

Uganda Ministry of Health,Health Systems 20/20, Makerere University School of Public Health.
Uganda Health System Assessment 2011. Kampala, Uganda and Bethesda, MD; 2011.

Needleman J, Buerhaus P, Mattke S, Stewart M, Zelevinsky K. Nurse-staffing levels and the quality of
care in hospitals. N Engl J Med. 2002; 346: 1715-22. doi: 10.1056/NEJMsa012247 PMID: 12037152

Dubois C-A, Singh D. From staff-mix to skill-mix and beyond: towards a systemic approach to health
workforce management. Hum Resour Health. 2009; 7: 87. doi: 10.1186/1478-4491-7-87 PMID:
20021682

Zurovac D, Rowe AK, Ochola SA, Noor AM, Midia B, English M, et al. Predictors of the quality of health
worker treatment practices for uncomplicated malaria at government health facilities in Kenya. Int J Epi-
demiol. 2004; 33: 1080—1091. doi: 10.1093/ije/dyh253 PMID: 15256523

PLOS ONE | DOI:10.1371/journal.pone.0137448 September 10,2015 17/17


http://dx.doi.org/10.1186/1475-2875-7-6
http://dx.doi.org/10.1186/1475-2875-10-94
http://www.ncbi.nlm.nih.gov/pubmed/21496333
http://dx.doi.org/10.1186/1472-698X-6-2
http://dx.doi.org/10.1017/S0266462303000576
http://www.ncbi.nlm.nih.gov/pubmed/15095767
http://dx.doi.org/10.1016/S0035-9203(98)90936-1
http://dx.doi.org/10.1016/S0035-9203(98)90936-1
http://www.ncbi.nlm.nih.gov/pubmed/9692138
http://dx.doi.org/10.1016/S0959-3780(99)00020-5
http://dx.doi.org/10.1016/S0959-3780(99)00020-5
http://www.cpc.ncep.noaa.gov/products/fews/data.shtml
http://www.cpc.ncep.noaa.gov/products/fews/data.shtml
http://dx.doi.org/10.1186/1475-2875-6-151
http://www.ncbi.nlm.nih.gov/pubmed/18005422
http://dx.doi.org/10.1186/1475-2875-7-167
http://www.ncbi.nlm.nih.gov/pubmed/18752677
http://dx.doi.org/10.1111/j.1365-3156.2009.02447.x
http://www.who.int/whr/2006/whr06_en.pdf?ua=1
http://dx.doi.org/10.1056/NEJMsa012247
http://www.ncbi.nlm.nih.gov/pubmed/12037152
http://dx.doi.org/10.1186/1478-4491-7-87
http://www.ncbi.nlm.nih.gov/pubmed/20021682
http://dx.doi.org/10.1093/ije/dyh253
http://www.ncbi.nlm.nih.gov/pubmed/15256523

