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Abstract

Introduction

Disease surveillance is a critical component in the control and elimination of vaccine pre-
ventable diseases. The Uganda National Expanded Program on Immunization strives to
have a sensitive surveillance system within the Integrated Disease Surveillance and
Response (IDSR) framework. We analyzed measles surveillance data to determine the
effectiveness of the measles case-based surveillance system and estimate its positive pre-
dictive value in order to inform policy and practice.

Methods

An IDSR alert was defined as >1 suspected measles case reported by a district in a week,
through the electronic Health Management Information System. We defined an alert in the
measles case-based surveillance system (CBS) as >1 suspected measles case with a
blood sample collected for confirmation during the corresponding week in a particular dis-
trict. Effectiveness of CBS was defined as having >80% of IDSR alerts with a blood sample
collected for laboratory confirmation. Positive predictive value was defined as the proportion
of measles case-patients who also had a positive measles serological result (IgM +). We
reviewed case-based surveillance data with laboratory confirmation and measles surveil-
lance data from the electronic Health Management Information System from 2012-2015.

Results

A total of 6,974 suspected measles case-persons were investigated by the measles case-
based surveillance between 2012 and 2015. Of these, 943 (14%) were measles specific
IgM positive. The median age of measles case-persons between 2013 and 2015 was 4.0
years. Between 2013 and 2015, 72% of the IDSR alerts reported in the electronic Health
Management Information System, had blood samples collected for laboratory confirmation.
This was however less than the WHO recommended standard of >80%. The PPV of CBS
between 2013 and 2015 was 8.6%.
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Conclusion

In conclusion, the effectiveness of measles case-based surveillance was sub-optimal, while
the PPV showed that true measles cases have significantly reduced in Uganda. We recom-
mended strengthening of case-based surveillance to ensure that all suspected measles
cases have blood samples collected for laboratory confirmation to improve detection and
ensure elimination by 2020.

Introduction

Having an effective measles surveillance system is vital in planning, prompt outbreak response,
monitoring and evaluation of control measures [1]. The Uganda National Expanded Program
on Immunization (UNEPI) strives to have a sensitive disease surveillance system within the
Integrated Disease Surveillance and Response (IDSR) framework [2]. This system provides
routine reports of suspected measles cases as part of the general system of aggregate summary
reporting of notifiable diseases and other health events. This surveillance system is entirely
under the control of Ministry of Health of Uganda, which is responsible for utilization of
health-related information in the health sector. Uganda adopted the IDSR strategy in 2000
with the aim of creating a coordinated approach to collection, analysis, interpretation, use and
dissemination of public health data to guide evidence based decision making [3]. The IDSR
strategy is a combination of active and passive systems using a single infrastructure that gath-
ers information about multiple diseases of interest [4]. The passive system of measles surveil-
lance uses the electronic Health Management Information System (eHMIS), where routine
health data are collected from all the health facilities in the country and reported to the
national Ministry of Health. The active case-based surveillance system for measles with labora-
tory confirmation (CBS), is based in the Uganda Virus Research Institute (UVRI) and is criti-
cal in documenting measles elimination.

During passive surveillance, data are collected from suspected measles patients during visits
to health centers and then reported routinely using weekly, monthly and quarterly reports [5,
6]. During reporting health workers use standard case definitions to avoid reporting non-mea-
sles cases as measles cases. This type of surveillance however, yields limited data because most
of these cases may not visit health facilities [7]. These limitations within the passive surveil-
lance system can be overcome if surveillance officers regularly visit health facilities, traditional
health care delivery points and communities. This process of ensuring that all cases are notified
and reported in time is called active surveillance. Also, when a disease has been targeted for
eradication/elimination as occurs with measles, health workers conduct case-based
investigations.

Case-based laboratory backed surveillance was rolled out in all districts of Uganda, in Octo-
ber 2003 [8]. The establishment of CBS demands that a case investigation form is filled for
each suspected measles patient who fulfils the case definition instead of relying on the aggre-
gate reporting in eHMIS. In addition, a blood sample is collected at first contact or within 30
days of rash onset for serological confirmation of measles infection. Laboratory confirmation
of suspected cases is based on the detection of measles specific IgM in a single blood sample
taken after rash onset.

The CBS also requires that all suspected outbreaks are investigated and confirmed by col-
lecting blood samples from the first reported 5 cases [7], while other cases are line listed and
classified epidemiologically. Ideally during the elimination phase, each suspected case reported
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through eHMIS should also be captured by CBS as they use the same case definition for detec-
tion of suspected cases. CBS however, is an essential component of a measles elimination pro-
gram as it provides data on the number of confirmed cases and characterizes the circulating
wild-type virus[9].

In 2011, countries in the African region agreed to eliminate measles by 2020[10] by reduc-
ing the annual incidence of measles to <5 cases per 1,000,000 in the presence of an effective
surveillance system [7]. However, as the incidence of measles decreases the PPV of any clinical
case definition decreases [11].This study examined measles surveillance data between 2012
and 2015 in 112 districts of Uganda, to estimate the effectiveness and PPV of the measles sur-
veillance system in order to improve efficiency and track progress to elimination.

Methods

We analyzed eHMIS and measles case-based surveillance data between 2012 and 2015 to deter-
mine the effectiveness and PPV of the measles surveillance system.

A suspected case of measles was defined as any person with fever and generalized maculo-
papular rash plus one of the following: cough, coryza or conjunctivitis; or any person in whom
a clinician suspects measles. A confirmed measles case was a suspected case with positive IgM
antibody or who was epidemiologically linked to a confirmed case in an outbreak.

We defined effectiveness of the measles case-based surveillance system as having > 80% of
suspected measles IDSR alerts with blood samples collected for laboratory confirmation [7].
The assessment of the effectiveness of a measles surveillance system requires that information
reported through the eHMIS is validated by CBS to distinguish accurate from inaccurate alerts.
To estimate the effectiveness of the measles case-based surveillance system, we compared two
databases used for measles surveillance in Uganda [8]. First, the eHMIS which captures both
the weekly measles surveillance and the monthly surveillance data in an Integrated Disease
Surveillance and Response manner and the case-based surveillance with laboratory confirma-
tion as the second data base, also considered as a reference standard for serological confirma-
tion of measles. Effectiveness was computed by dividing the number of measles alerts with
blood sample collected for laboratory confirmation during a particular year (numerator), by
all the alerts of measles cases reported by eHMIS (denominator).

The PPV was defined as the proportion of measles case-patients identified by CBS who also
had a positive measles serological result (IgM +) [12, 13]. It was computed by dividing the
number of measles case-patients with serum positivity of measles IgM, by the total number of
measles case-patients.

An IDSR alert was defined as >1 suspected measles case reported by a district through
eHMIS in a week. An alert in the case-based surveillance system was defined as > 1 suspected
measles case with a blood sample collected for laboratory confirmation from a corresponding
district during a particular week.

Measles surveillance data (2012-2015) were accessed from Uganda’s electronic Health
Management Information System using DHIS2 software.

Ethics

Approval to use the surveillance data was sought from Ministry of Health of Uganda which is
responsible for utilization of health and health-related data/information in the health sector
for the betterment of the population of Uganda. The office of the director general determined
that this activity was not human subjects’ research and its primary intent was public health
practice or a disease control activity (specifically epidemic disease control activity). To protect
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Table 1. Mean age and sex distribution of measles cases using CBS for Uganda, 2012-2015.

Year # IgM (+) measles cases Male Female Median age (IQR)
n % n %

2012* 504 244 (48) 260 (52) 2(0.0-5.5)

2013 100 49 (49) 51 (51) 2(1.0-9.0)

2014 144 74 (51) 70 (49) 1.0 (0.0-5.0)

2015 195 105 (54) 90 (46) 3.0 (0.0-7.0)

2013-2015 439 472 (50) 471 (50) 4.0 (1.0-6.0)

*Year with many measles outbreaks

https://doi.org/10.1371/journal.pone.0184549.t001

patient confidentiality, personal information were de-identified during extraction and data
analysis. Therefore none of the authors had access to identifying information.

Results

A total of 1,769 serum specimens were obtained from suspected measles case-patients, using
the CBS in 2012. Of these, 61were excluded from further analysis because they had indetermi-
nate serological evaluation. Of the remaining 1,708 suspected measles cases, 504 (28%) were
measles specific IgM positive. Of the 1,190 suspected measles case-patients investigated by
CBS in 2013, 21 (2%) had indeterminate serological evaluation. Of the remaining 1,169 sus-
pected measles case-patients, 100 (8.6%) were measles specific IgM positive case-patients. Of
the 1,652 suspected measles case-patients investigated by CBS in 2014, 20 (1.2%) had indeter-
minate serological evaluation and were not included in further analysis. Of the remaining
1,632 suspected measles case-patients, 144 (8.8%) were measles specific IgM cases-patients. Of
the 2,363 suspected measles case-patients investigated in 2015, 78 (3.3%) had indeterminate
serology results and were also excluded from further analysis. Of the remaining 2,285 sus-
pected measles case-patients, 195 (8.5%) were measles IgM case-patients (Table 1).

In 2013,713 (63%) of the alerts reported in eHMIS had blood samples collected for labora-
tory confirmation. In 2014, the percentage of alerts with blood samples collected increased to
916 (84%) achieving the recommended WHO standard of >80%, this proportion however
decreased in 2015 (Table 2). The PPV of the measles case-based surveillance between 2013 and
2015 was 8.6% (Table 3).

Discussion

Our review of measles surveillance data showed that the proportions of IDSR measles alerts
with blood samples collected for laboratory confirmation (72%) through case-based measles

Table 2. Proportion of IDSR measles alerts with blood samples collected for confirmation in Uganda,
2012-2015.

Year IDSR measles alerts | Alerts with blood sample sentto | % of alerts with blood sample

(N) lab (n) collected
2012 190 850 N/A*
2013 1140 713 63
2014 1086 916 84
2015 1553 1083 70
2013- 3,969 3,562 72

2015
*Year with inconsistences in reporting between weekly IDSR alerts and CBS alerts

https://doi.org/10.1371/journal.pone.0184549.t1002
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Table 3. Positive predictive value of measles case-based surveillance for Uganda, 2012-2015.

Year Number of suspected measles cases with blood samples #1gM (+) measles | PPV

collected for laboratory confirmation cases %
2012* 1769 504 30
2013 1190 100 8.6
2014 1652 144 8.8
2015 2363 195 8.5
2013- 5205 439 8.6
2015

*Excluded from the calculation of the average PPV of measles CBS because of the high intensity of
outbreaks during that year

https://doi.org/10.1371/journal.pone.0184549.t1003

surveillance were sub-optimal to detect measles outbreaks between 2013 and 2015. Secondly,
the average PPV of the measles case-based surveillance system was within the recommended
target of <10% by the World Health Organization African Region (WHO-AFRO) [7].

In 2012, all districts were transitioning from paper based reporting to electronic Health
Management Information System [14]. During this period, most of the CBS alerts with blood
specimen collected were different from the IDSR alerts of suspected measles cases reported
through the eHMIS. The inconsistency in reporting between the weekly eHMIS and measles
case-based surveillance could have been due to two reasons; first, most of the personnel in dis-
tricts had not yet been trained in electronic reporting and therefore could have been unable to
report using the system. Secondly, some districts had information technology challenges mak-
ing it impossible to routinely report these cases. These data transmission challenges however,
were resolved by Ministry of Health Resource Center and did not happen in subsequent years.

Surveillance systems that are functioning optimally should collect blood specimens
from > 80% of all suspected measles cases for laboratory confirmation if they are to detect out-
breaks in time [15]. Having an effective surveillance system ensures that the information pro-
vided concerning low measles incidence is attributable to the absence of disease rather than to
inadequate detection and reporting [16]. The inability of the system to perform at the required
level during this period could have been due to several challenges inherent within surveillance
systems [17]. Studies elsewhere have shown that some measles surveillance systems perform
below average [18, 19]. However, it’s important to note that the implementation of case-based
surveillance in Uganda has relied mainly on health workers who collect specimens from sus-
pected measles cases that report to health centers with irregular visit to the community [20].
WHO-AFRO suggests that in order to overcome this limitation and get more accurate data
about disease burden in the community, surveillance officers should regularly look for measles
cases [19].

Other studies elsewhere have found similar results in measles surveillance systems[21, 22].
A study done in the World Health Organization European Region found that the majority of
countries did not report routine use of laboratory confirmation for measles suspected cases
[15].

The low PPV of the measles case-based surveillance system (8.6%) indicates that most of
the suspected measles cases (19,620) that were reported between 2012 and 2015 were not true
measles cases. This usually happens when the incidence of disease is rare. When the incidence
increases the PPV also increases [23]. The low PPV also implies that serological confirmation
of all measles cases in Uganda is important to ensure accurate diagnosis. As elimination of
measles is approached it becomes critical to accurately identify each case of measles because it
could be the only evidence of measles transmission in the area [12].
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Among the suspected measles alerts that had blood samples collected for laboratory confir-
mation, the year 2012 registered the highest positive predictive value. During this period, sev-
eral measles outbreaks were detected across the country before implementation of the measles
mass campaign in November 2012. Following this campaign, the positive predictive value of
the surveillance system reduced significantly.[24]. Although the PPV of CBS shows that mea-
sles incidence has significantly reduced, the median age of 4.0years, IQR (1.0-6.0), illustrates
that measles transmission is still common in the under 6 year age-group. This may also neces-
sitate measles mass campaigns and other interventions geared towards elimination to focus on
this age group. A study done to illustrate the epidemiology of measles in the Region of America
and Western Pacific Region showed that measles incidence may increase in older age groups
in areas which have achieved elimination[25].

Strength and limitations

Findings from this analysis should be interpreted with a grain of salt. A measles alert as used in
this study does not put into consideration the number of cases reported during a particular
week or the number of positive measles cases identified. Secondly, we lacked information
external to the system to determine the true frequency of measles cases. The strength of this
study was that we compared two national databases; the electronic Health Management Infor-
mation System and the case-based surveillance system, which is the gold standard for measles
diagnosis in Uganda.

Conclusion

The effectiveness of measles case-based surveillance was sub-optimal, while the PPV showed
that true measles cases have significantly reduced in Uganda. We recommended strengthening
of case based surveillance to ensure that all suspected measles cases have blood samples col-
lected for laboratory confirmation or line listed in case of confirmed outbreaks as an important
part of measles control and elimination program in Uganda.

Acknowledgments

The authors are grateful to the Director Uganda Virus Research Institute and Uganda’s Min-
istry of Health for allowing them to freely access the data that was used for this publication.
The authors also acknowledge the technical support provided by Dr. Opio Alex and UNEPI
staff.

Author Contributions

Conceptualization: Fred Nsubuga, Immaculate Ampaire, Simon Kasasa, Henry Luzze, Annet
Kisakye.

Data curation: Fred Nsubuga, Simon Kasasa, Annet Kisakye.

Formal analysis: Fred Nsubuga, Immaculate Ampaire, Simon Kasasa, Henry Luzze, Annet
Kisakye.

Investigation: Fred Nsubuga, Immaculate Ampaire, Simon Kasasa, Annet Kisakye.

Methodology: Fred Nsubuga, Immaculate Ampaire, Simon Kasasa, Henry Luzze, Annet
Kisakye.

Project administration: Fred Nsubuga, Simon Kasasa, Henry Luzze, Annet Kisakye.

Resources: Fred Nsubuga, Annet Kisakye.

PLOS ONE | https://doi.org/10.1371/journal.pone.0184549  September 8, 2017 6/8


https://doi.org/10.1371/journal.pone.0184549

@° PLOS | ONE

Positive predictive value and effectiveness of measles case-based surveillance in Uganda; 2012-2015

Software: Fred Nsubuga, Simon Kasasa, Annet Kisakye.

Supervision: Fred Nsubuga, Immaculate Ampaire, Simon Kasasa, Henry Luzze, Annet

Kisakye.

Validation: Fred Nsubuga, Immaculate Ampaire, Simon Kasasa, Annet Kisakye.

Visualization: Fred Nsubuga, Simon Kasasa, Annet Kisakye.

Writing - original draft: Fred Nsubuga, Immaculate Ampaire, Simon Kasasa, Henry Luzze,

Annet Kisakye.

Writing - review & editing: Fred Nsubuga, Immaculate Ampaire, Simon Kasasa, Henry

Luzze, Annet Kisakye.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

World Health Organization. WHO guidelines for epidemic preparedness and response to measles out-
breaks 1999. http://www.who.int/csr/resources/publications/measles/whocdscsrisr991.pdf

Ministry of Health-Uganda. Uganda EPI multiyear plan Kampala: MOH; 2010-2014. http://www.gavi.
org/country/uganda/. . ./comprehensive-multi-year-plan.

Lukwago L, Nanyunja M, Ndayimirije N, Wamala J, Malimbo M. The implementation of Integrated Dis-
ease Surveillance and Response in Uganda: a review of progress and challenges between 2001 and
2007. Health Policy Plan. 2013( 28/1).

Tambo E, Ai L, Zhou X, Chen J-H, Hu W, Bergquist R, et al. Surveillance-response systems: the key to
elimination of tropical diseases. Infect Dis Poverty. 2014; 3(1):17.

Nsubuga P, White ME, Thacker SB, Anderson MA, Blount SB, Broome CV, et al. Public health surveil-
lance: a tool for targeting and monitoring interventions. 2006.

Uganda Ministry of Health. The Health Management Information System 2010. www.health.go.ug/
hmis/public/tools/District_Revised_HMIS_Manual_Updated.pdf.

World Health Organization. African Regional Guidelines for Measles and Rubella Surveillance 2015
[11/01/2016]. www.afro.who.int/index.

Mbabazi WB, Nanyunja M, Makumbi |, Braka F, Baliraine FN, Kisakye A, et al. Achieving measles con-
trol: lessons from the 2002—06 measles control strategy for Uganda. Health policy and planning. 2009;
24(4):261-9. https://doi.org/10.1093/heapol/czp008 PMID: 19282484

Rota P, Featherstone D, Bellini W. Molecular epidemiology of measles virus. Curr. Top. Microbiol.
Immunol. 2009; 330:129. PMID: 19203108

World Health Organization. Global Measles and Rubella Strategic plan 2012 [ISBN 978 92 4 150339 6].
http://apps.who.int/iris/bitstream/10665/44855/1/9789241503396_eng.pdf

Hutchins S, Papania M, Amler R, Maes E, Grabowsky M, Bromberg K, et al. Evaluation of the measles
clinical case definition. The Journal of infectious diseases. 2004; 189:S153. https://doi.org/10.1086/
379652 PMID: 15106104

Katz SL, Hutchins SS, Papania MJ, Amler R, Maes EF, Grabowsky M, et al. Evaluation of the measles
clinical case definition. Journal of Infectious Diseases. 2004; 189(Supplement 1):S153-S9.

Romaguera RA, German RR, Klaucke D, Teutsch S, Churchill R. Evaluating public health surveillance.
Principles and practice of public health surveillance. 2000; 2:176-93.

Kiberu VM, Matovu JK, Makumbi F, Kyozira C, Mukooyo E, Wanyenze RK. Strengthening district-
based health reporting through the district health management information software system: the Ugan-
dan experience. BMC Med Inform Decis Mak. 2014; 14(1).

Spika JS, Wassilak S, Pebody R, Lipskaya G, Deshevoi S, Gurig D, et al. Measles and rubella in the
World Health Organization European Region: diversity creates challenges. J. Infect. Dis. 2003; 187
(Supplement 1):S191-S7.

Guris D. Module on best practices for measles surveillance: Department of Vaccines and Biologicals,
World Health Organization; 2001. http://apps.who.int/iris/bitstream/10665/67192/1/WHO_V-B_01.43_
eng.pdf.

Filia A, Bella A, Rota M, Tavilla A, Magurano F, Baggieri M, et al. Analysis of national measles surveil-
lance data in Italy from October 2010 to December 2011 and priorities for reaching the 2015 measles
elimination goal. Korea (in 2006). 2013; 1:4-5.

World Health Organization. Guidelines for measles surveillance 2004. www.afro.who.int/index.php.

PLOS ONE | https://doi.org/10.1371/journal.pone.0184549  September 8, 2017 7/8


http://www.who.int/csr/resources/publications/measles/whocdscsrisr991.pdf
http://www.gavi.org/country/uganda//comprehensive-multi-year-plan
http://www.gavi.org/country/uganda//comprehensive-multi-year-plan
http://www.health.go.ug/hmis/public/tools/District_Revised_HMIS_Manual_Updated.pdf
http://www.health.go.ug/hmis/public/tools/District_Revised_HMIS_Manual_Updated.pdf
http://www.afro.who.int/index
https://doi.org/10.1093/heapol/czp008
http://www.ncbi.nlm.nih.gov/pubmed/19282484
http://www.ncbi.nlm.nih.gov/pubmed/19203108
http://apps.who.int/iris/bitstream/10665/44855/1/9789241503396_eng.pdf
https://doi.org/10.1086/379652
https://doi.org/10.1086/379652
http://www.ncbi.nlm.nih.gov/pubmed/15106104
http://apps.who.int/iris/bitstream/10665/67192/1/WHO_V-B_01.43_eng.pdf
http://apps.who.int/iris/bitstream/10665/67192/1/WHO_V-B_01.43_eng.pdf
http://www.afro.who.int/index.php
https://doi.org/10.1371/journal.pone.0184549

@° PLOS | ONE

Positive predictive value and effectiveness of measles case-based surveillance in Uganda; 2012-2015

19.

20.

21.

22,

23.

24.
25.

World Health Organization. Strengthening National Surveillance Systems towards Measles and Rubella
Elimination in the WHO European Region 2011. http://www.euro.who.int/en/health-topics/
communicable-diseases/measles-and-rubella/publications/2012/strengthening-national-surveillance-
systems-towards-measles-and-rubella-elimination-in-the-who-european-region

Nsubuga P, Brown W, Groseclose S, Ahadzie L, Talisuna A, Mmbuiji P, et al. Implementing integrated
disease surveillance and response: four African countries’ experience, 1998—2005. Glob. Public Health.
2010; 5(4):364-80. https://doi.org/10.1080/17441690903334943 PMID: 19916090

Vogt RL, LaRue D, Klaucke DN, Jillson DA. Comparison of an active and passive surveillance system
of primary care providers for hepatitis, measles, rubella, and salmonellosis in Vermont. American Jour-
nal of Public Health. 1983; 73(7):795-7. PMID: 6859365

Thacker SB, Choi K, Brachman PS. The surveillance of infectious diseases. Jama. 1983; 249(9):1181—
5. PMID: 6823080

Guris D, Harpaz R, Redd S, Smith N, Papania M. Measles surveillance in the United States: an over-
view. J. Infect. Dis. 2004; 189:S177. https://doi.org/10.1086/374606 PMID: 15106108

World Health Organization. AFRO Measles Surveillance Guidelines 2004. http://www.afro.who.int/.

Durrheim DN, Crowcroft NS, Strebel PM. Measles—the epidemiology of elimination. Vaccine. 2014; 32
(51):6880-3. https://doi.org/10.1016/j.vaccine.2014.10.061 PMID: 25444814

PLOS ONE | https://doi.org/10.1371/journal.pone.0184549  September 8, 2017 8/8


http://www.euro.who.int/en/health-topics/communicable-diseases/measles-and-rubella/publications/2012/strengthening-national-surveillance-systems-towards-measles-and-rubella-elimination-in-the-who-european-region
http://www.euro.who.int/en/health-topics/communicable-diseases/measles-and-rubella/publications/2012/strengthening-national-surveillance-systems-towards-measles-and-rubella-elimination-in-the-who-european-region
http://www.euro.who.int/en/health-topics/communicable-diseases/measles-and-rubella/publications/2012/strengthening-national-surveillance-systems-towards-measles-and-rubella-elimination-in-the-who-european-region
https://doi.org/10.1080/17441690903334943
http://www.ncbi.nlm.nih.gov/pubmed/19916090
http://www.ncbi.nlm.nih.gov/pubmed/6859365
http://www.ncbi.nlm.nih.gov/pubmed/6823080
https://doi.org/10.1086/374606
http://www.ncbi.nlm.nih.gov/pubmed/15106108
http://www.afro.who.int/
https://doi.org/10.1016/j.vaccine.2014.10.061
http://www.ncbi.nlm.nih.gov/pubmed/25444814
https://doi.org/10.1371/journal.pone.0184549

