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Short Research Article

An Evaluation of M eningitis Surveillance in Northern Ghana

ABSTRACT

Introduction: Public health surveillance is a key strategy intcmhng and preventing
meningitis outbreaks especially in northern Ghah&kvcontinues to suffer yearly focal
outbreaks. The aim of thigudy was t@®valuatien-was-to-examintheeperation-and
performance of the meningitis surveillance systewht® determine whether the surveillance

system as established within the Ministry of Headthchieving its objectives.

Design: This was a cross sectional study conducted in glenBi District between February
and March, 2015. The study employed a qualitatie¢hiod approach. Nine In-depth
interviews (IDIs) and two Focussed Group Discussi@#GDs) were held with key
informants involved in meningitis surveillance. $ilance records for meningitis were also

reviewed and analysed at community, sub-distristridt, andthe regional leved.

Results: The study revealed that the surveillance systemsivagle, flexible and highly
accepted by healthcare workers. The system wdg fapresentative, stable with good data
guality. However, it had a low sensitivity and avlpositive predictive value in
detecting/reporting cases of meningitis. Cerebradgdiuid samples of suspected cases were
timely presented to the public health referencedatory. On the contrary, feedback of
confirmation resultsvasdelayed. Also, lack of funding and motivation fargeillance
activities, inadequate technical personnel to caatylumbar puncture anebr-unavailability

of case definitioaat health facilities were system challenges tffatted meningitis

surveillance.
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Conclusion: Relatively, some of the primary objectives of theveillance systeraravere

met. However, we believe that motivation of the camity-based surveillance volunteers, a
construction of a regional public health laboratangl an effective training for healthcare
workers would strengthen the surveillance systenmomhern Ghana. Consequently, adequate
financial investment (especially through the goweent and other health-related

international organisations) is required.

Keywor ds. Meningitis, Surveillance, African meningitis heltalensi district, northern

Ghana

INTRODUCTION

Meningitis remains a global public health thregiezsally in sub-Saharan Africa which
continues to have seasonal incidence of the digéhdeespite several interventions to help
curb the situation, case fatality rate due to mgitimmremains high ranging between 2% and
30% globally [1]. Main aetiological agents in ba@émeningitis aréNeisseria meningitidis,
Streptococcunredmeniaepneumoniae@ndHaemophilus influenzg@]. Neisseria
meningitidisis of major public health importance as it is rasgible for the occurrence of
Epidemic Meningococcal Disease (EMD) in the 'Afriddeningitis belt' [3,4]. The African
meningitis belf AMB) is a sub-Saharan African region that extends fiteenwest of Ethiopia
to the east of Senegal with about 300 million peajtlrisk of the disease [4,5]. The
meningitis belt experiences seasamahdalfocal outbreaks with large epidemics occurring

every 8-12 years [5].

There are 12 serogroupshéisseria meningitidibased on the chemical composition of the
capsular polysaccharide [6]. Serogroup A accolortsiost of the epidemics in the African
meningitis belt, serogroups B, &d W135 have also been reported [/F&ksons
Individualswith meningitis usually present with fever, headaatreck stiffness, vomiting and
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photophobia [9]. Additionally, some neurologicadrss and symptoms such as lethargy, coma
and convulsions have been observed among menipgiisntsvietims [10]. Transmission of
N.eisserlameningitidisamong persons at risk of the disease is by reaspyrdroplets or

direct contact with respiratory secretions [11].lfiile interacting factors have beéngered

identified aseentributeryfactors thataveput the lives opeoplemany-tivingwithin the
AMB African-meningitis-belat riskat-risk-ef-meningitisExisting evidence he s shown that

low socioeconomic status, climatic conditions (geason), immunological susceptibility of
the populationand transmission of virulent straittsbearerisk factors for EMD [4,12,13].
Behavioural factors, migration, previous infectioasd acute respiratory tract infections may

also be contributory factors for the developmeriEbD [3].

The three northern regions (Upper East, Upper \&iedtNorthern) of Ghana lie within the
AMB African-meningitis-belwith annual focal outbreaks of meningitis during thry season
(October to April) [4]. Large scale epidemics ogedrin 1996/1997 which affected 19,000
people with 1,200 deaths in the three regions®Nabrth [4]. In 2010, an outbreak of

meningitis occurred in the Bongo district of thepdp East Regiofplease give more

statistical details; number of cases and ded4js)

Persons diagnosedth ef meningitis are treated with antibiotics whilst masccinations are
provided to people in outbreakreas. Polysaccharides vaccines against serogfQupsAC
and ACW-135 meningococcal infections are affordalvld readilyavailableceessible
[3,12,14]. In 2010, Ghana was part of a group ofcah countries that benefited from
meningococcal A conjugate vaccine roll-out in B African-meningitis-belvith
comprehensive mass immunizations campaigns [15pilethe availability of drugs and
vaccines in the management of meningitis outbrepidémics, case fatality rates in Ghana
stilt remains high ranging between 36% and 50% [1]. Hewet has been argued that high

case fatality rates are largely due to pgmiaquality of data poor motivationfate delayed

3
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reporting of health eventand inadequate feedback for public health acicBhana [16,17].
Containment of epidemics and managing cases ofngiisi depends largely on early

detection and laboratory isolation of the causatrganism [4see reference by Barghouthi

and Al ZuqhayyarAfrican Journal of Microbiology Research Vol. 6(1pp. 3415-3424, 16 April, 20}2 Enhanced

epidemiological and laboratory surveillance arauinesgl to enable early detection of
epidemics, identification of causative organism adchinistration of appropriate
antimicrobials. Moreover, vaccines to protect pagiohs are essentialafredudion-+n
mortality and morbidity due to meningitis are todmatrolledachieved4,18]. In view of
this, Ghanran 2002Ghana haadopted the World Health Organization Regional ¢@ffior
Africa (WHO/AFRO) Integrated Disease Surveillanoel &esponse (IDSR) stratetiat

was revised in 2011. Accordinghe surveillance in developing countriegrich-has-sinee

beenrevisedHn2011tthe strategenable early detection and timely dissemination of

information on priority diseases like meningitis &ppropriate action [15,19, 20,21].

Although northern Ghana is located within fecan-Meningitis-belaMB, and all the
districts in the region operates a surveillanceéesyghat is in line with the 2011
WHO/AFRO IDSR guidelines, to early detect, confimgport and timely respond to
meningitis cases as well as assess the impactfeutieeness of MenAfrivVaguroll-out in
2010. However, since the introduction of IDSR, éhkas not been any specific evaluation of
the surveillance system on meningitis in northeha. The objective of this evaluation
therefore was to examine how surveillance systemmeningitis operategs-perforns ance
and todetermine whether the system is achieving its obes then-anrdtomake
recommendations to improve the system. We fedos the Talensi district in the Upper
Eastregion-efGhana; a district known for large scale epidemiusyearly focal outbreaks of

meningitis [4,22].



%  METHODS

% Study setting

% | The Talensi district is one dfirteen-13) districts in the Upper East Region of Ghana [23].

100 The Talensi district is made up of eight (8) sustitits. The district and the Upper East

101 1 Region as a whole completely lie within the Africaeningitis belt. Talensi district shares

192 | poundaries with Nabdam district to the North, Btdgea municipal to the West, East

103 | Mamprusi district to the South East, West Mampdisirict to the South West and Bawku

104 | West to the East [23The target population under meningitis surveillaincthe Talensi

105 | district is 85,164 [22, 24]The district has two seasongpar-monthshort wet season from

196" June td Octobe¥ and the rest of the year is a long dry season [#6%t residents practice

197 subsistence agriculture as their main means dftived. The district has a hospital in

198 addition to other health facilities which includ@ealth centre, clinics and Community-based

199 Health Planning and Services (CHPS) compoundsptioatde healthcare services [23].

10 study design

11 This was a cross sectional study that employedaditgtive method approach. Apart from its

112 Jarge scale epidemics and yearly focal outbreaksefingitis [4], the Talensi District was

113 also chosen because the region received techmiddlrsncial support in 2002 to fully

1141 implement IDSR in all.3 districtsof in-the region including the Talensi district [26].

1151 Conducted between February and March, 20T6is studyaiseadopted th&€enters=for

116 | Disease Control and Prevention (CDfpdated guidelines for evaluating public health

171 surveillance systerrisy

18 | evaluating-theneningitis-surveillance-systef7]. The WHO practical guidelines on control

191" of epidemic meningococcal diseasereesalso used in providing guidance on meningitis

120 surveillance [28].
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Data collection

Records at the Regional Health Directorate (RHDhefGhana Health Service, Talensi
District Health Management Team (DHMT), eight (Bbdistrict health facilities and six
communities were reviewed. Records from Januaty 20 December 2014 were reviewed
which includel IDSR 1 weekly report forms, IDSR 2 monthly repionms, laboratory
register?, IDSR immediate case-based report forms, linetisiorms, case notification
forms, community-based surveillance summary refoonhs, monitoring charts and

community registerfor vital events.

Interviews were conducted with key informants & involved with meningitis
surveillance at all levels in the Talensi distimatluding the Regional Health Directorate.
Interviews conducted were focussed on surveillapectives, data collection, data
reporting, challenges with the surveillance syssem their proposed recommendations to
help improve the system. In-depth Interviews wemedticted with th&egionalDeputy
Director for Public Health (DDPH) and the RegioBadease Control Officer (RDC@pth
at-theregionaHevelAt the district level, in-depth interviews werenducted with the Talensi
District Director of Health Services (DDHS) and istrict Health Information Officer
(DHIO) whilst a Focussed Group Discussion (FGD) welsl with three (3) Disease Control
Officers of the Talensi DHMT. Also, in-depth integws were held with the Physician
Assistant, Disease Control Officer and Biomediaze8tist of the Talensi District Hospital.
Similarly at the sub-district level, in-depth int&aws were conducted with two (2)
Community Health Officers. A FGD was held with $6) Community-based Surveillance

Volunteers (CBSVs). All IDIs and FGDs were recoradth audio tape recorders.
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Case Definitions

The following case definitions were used for suspeécprobableand confirmed meningitis

cases during the meningitis surveillance evaluation

Suspected meningitis cas@ny person with sudden onset of fever (>38%5 rectal or
>38.02 C axillary) and one of the following signs: neckffsess, bulging fontanelle,

convulsions, altered consciousness or other meairsggns.

Probable meningitis caseAny suspected case with macroscopic aspect of Gmpginal
fluid turbid, cloudy or purulent or with microscapitest showingGramGram negative
diplococcic, GrarGram positive diplococcicGrarGram positive or_negative*ibacilli; or

leukocyte count of more than 10 cells/mm3.

Confirmed meningitis caselsolation or identification of causal pathogehe(sseria
meningitides, Streptococcus pneumoniae, Haemoplmflieenzae pfrom the Cerebrospinal
fluid of a suspected or probable case by cultuodyriferase Chain Reaction or agglutination

test.

System attributes

Surveillance system attributes were assessed swijgdhrough interviews to provide a
proxy measure of how the meningitis surveillancgtey is performing. The surveillance
system attributes that were assessed indiugmplicity, flexibility, stability, sensitivity,

acceptability, representativeness, positive pradictalue, data quality and timeliness.

The surveillance system was rated simgef staff operating at the different levels of the
system are informed about their role in surveilaandif they wereare able to complete
surveillance forms with ease in about 5-10 minuRgta analysis was simplef reporting

levelsare werefew with infermationtimely disseminabn of informationed-dene-timeously

The system wasleemedfeund to be very flexible,if for example, when the community
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register for vital events were modified in 2012,was immediately adopted without any
challenge. Additionally, the stability of the suill@nce system was found to be gpad

Although there were no specific funds allocated darveillance, the Talensi DHMT and
health facilities made use of administrative furidssupport surveillance. The system is

therefore reliable and consistent in its operatfons long time. #

It was difficult to assess the true sensitivitytloé surveillance system as no field research or
survey was conducted. However the level of casertieyg from sub-district health facilities
to the Talensi DHMT was used as a proxy for thesisity of surveillance systerfirable 1)

For example in 2014out of 13 suspected casastotal of five (5) confirmed cases were

detectecamong-eut-of-a-totaldistrict populatiot? of 85,164 representing| a sensitivityof

0.0059%. The sensitivity was therefore rated as [0le positive predictive value of the
system wagstimateccalculatedoy dividing the suspected cases from sub-disttiws were
confirmed at the zonal public health reference fdatoyy as having meningitis by the total
number of suspected cases. All the thirteen (1§)etted cases were laboratory tested, out of
which five (5 true positivé were confirmed positive. The positive predictivelue was

therefore estimated to be 5/18 true positive + 8 False positivehich is equal to 38.5%

meaning that the probability of meningitis cases tire identified by surveillance system as

truly having the disease is 38.5%.

Also, all staff involved at different levels of seillance was willing to participate in
surveillance activities. They showed great concand passion for surveillance although
some staff complained of having to refer suspectses to the Talensi district hospital for

Lumbar PuncturelP) because they lack the necessary technical expeftige acceptability

of the surveillance system was rated high. The esllmmce system was also fairly
representative. For example, in 2014, the age rahgeeningitis cases was 2- 44 years with

3 (60%) females and 2 (40%) males. Out of the ef@htsub-districts of Talensi district,

8
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confirmed cases came from four (4) sub-districtgresenting 50%. All cases occurred

between week 10 and 12 of 2014. This is illustratetiable 1.

Table 1: Distribution of meningitis cases by Age, Sex, Sub-district and week in the

Talens District, 2014,- a three year trend of meningitis cases in therBaldistrict with no

fatality.

Cases Age (years) Sex Week Sub-district
1 19 Femal 1C Tongc

2 14 Femalt 11 Namolgo/Kpatii
3 18 Male 12 Pwalugu

4 2 Male 12 Pwalugu

5 44 Female 12 Gorogo

In addition, data quality was not an issue as fomeee always completed with valid data. Ad
hoc phone calls or visits were made to sub-distiigtthe DHMT to ensure completeness and
accuracy of data. Hence, data quality was rategad. With respect to timeliness, suspected
cases of meningitis usually present to sub-distredlth facilities after an average of 2 to
3days of experiencing signs and symptoms. Lumbactoire(LP) iswasdone on the day of
presentation and treatment immediately startedsivthley await LP results. The sub-district
DCO is-was immediately informed who also notitie the district DCO for the case to be

monitored till laboratory findings from the regiorereare obtained.

Data Analysis

The qualitative data was analysed by content aisa]29,30]. This was after in-depth
interviews and FGDs were transcribed into fieldehaiok that were further verified using
field audio tape recorders to ensure that tranedribxts were accurate. The transcribedstext
were systematically analysed to obtain themesvilat in line with the main objectives of
the evaluation. The specific themes retrieved wiegaingitis surveillance systeraperation,

9
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resourcesand system performance. These themes are imparntdatermining how the

surveillance system timely detects, reports, aealynd resporsito public health events.

RESULTS

The recommended surveillance system for meningitidhana involves timely detection of
suspected cases at community, sub-district andadiltvels with lumbar puncture for
Cerebrospinal Fluid (CSF) done for all suspectesbsat either sub-district health facility or
a district hospital levelsranGramstaining/agglutination tesheulrdbew_as\vuﬂcarried out

for all CSF samples collected at sub-district hettilities or district hospitals. Also, part
samples of CSF of all suspected cadesild-bavassent to the regional health directorate by
the district health directorate. Sampéeswerefurther forwarded by the regional health
directorate to a zonal public health referencedataoy for confirmatioriestte-be-earried-out
by Polymerase Chain Reaction (PCR). The resuliseotonfirmatiors-wassuppesed-te-be
reported timely to the regional health directoratbich alsosheuldprovided timely feedback
to the district that recorded the suspected caésu8pected or confirmed casesstals
bewere reported timely to the national Disease SurvedéaBepartment (DSD) of the Ghana
Health Service. The district health directoratexpected-te-algorovided timely feedback to
the sub-district health facility that reported thespected case+whereappropriate public

health actiorio-bavastaken.

Flow chart of the Meningitis Surveillance System

The flow of data information and dissemination witthe surveillance system is shown in
Figure 1. The reporting system was mainly pasatie very little active surveillance carried
out by CBSVs at the community level. An averagé t6 6 *2suspected meningitis cases at
the community levekrewereusually reported to sub-district health facilittegs CBSVs

which are screened by the health facilities to meitge which cases fit into the suspected

meningitis case criteria. Some suspected casesegieced directly to the sub-district health

10



241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259
260

facility or Talensi District Hospital. The DiseaSentrol Officer (DCO) at the health facility
iswasimmediately informed and the IDSR immediate cassetaeporting formaravere
filled. The medicabfficerstaffat the Talensi District Hospital cardeoutathe Lumbar

Puncture (LP)pperation and collectegdr Cerebrospinal Fluid (CSK)hich wasferevaluated

gramstaiing-by the biomedical scientist. Referralseweremade to the district hospital

from health facilities in the distri¢hat did not havevitheut the capacity to perform LP and

grarGramstaining. Whilst treatment was on-going, sampfeS®F and the filled IDSR

immediate case-based reporting faaind CSF samplis-weresent to the Talensi District

Health Management Teamvhichis-then forwarded to the Regional hospital laborataay
the Regional Health Directorate for confirmationdgglutination test. A further analysis
wags done by sending part of the sample of the CSReabnal Public Health Reference
Laboratory for final confirmation by Polymerase @hReaction (PCR). The resuligreare
later communicated to the District DCO who also oamicatels the findings to the health
facility in which the casevaspresentedi-the-case-isConfirmedasmeningitiscases were

treated and followed up jya team made up of District DCO, Community Healtird¢, and

the CBSVss-censtitute-fora-follow-up-to-the-communityThde team thereducated
patientsmeetcontactof-confirmed-caserhoaretheneducatedn about meningitisand its

prevention.

Figure 1: Datareporting and feedback of meningitis surveillance flow chart in Talensi
District, 2015.

11
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Notes: TDHD=Talensi District Health Directorate, RED= Upper East Regional Health Directorate, DSDOseBse Surveillance

Department, Data reporting and laboratory surveiitafollow same pattern as shown by the arrows.

Description of components of the surveillance system

The main components of the surveillance systemvtiea¢ identified include:-the
community, sub-district, health facility, districggional and national levels. At the
community level, CBSVs play a critical role in sapfing healthcare workers, identify

suspected cases of meningitis as well as carrizealth education in the community.

Quialitative Findings

12
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In an interview with the CBSVs on their routineka@sd challenges that confront theme

of them recounteds

l. Difficulty of reaching some families

Il. Cost associated and incurred by volunteers

1. L ack of knowledge and education, lack of under standing the natur e of

volunteer wor k combined with-andpresence-of negative attitude among some

individuals.

V. L ack of means of communication; telephones, inter net, thermometers, and

health centersin roral areassuch as...
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At the sub-district health facility, the DCO coltaiates with the CBSVs to refer suspected
cases immediately to the district hospital for appiate investigations and management

Fhe BCOalso-canpleteshe IDSR immediate case-based reporting foompleted by DCO

andserdsCSFsamplesst-CSFare sento the districteveland-makesfeliew-up-toontacts of

all confirmed casewere followed uptBbSR-wWeekly and monthlyDSR report formswere

areprepared and submitted to the Talensi DistrictitHiddanagement Team by the DCO.

At the district level, the DCO sea@SFsampleof all suspected cases from all sub-district
health facilities to the regional level for the hdgoation test. The IDSR immediate case-
based reporting formerewerealso submitted to the Regional Health Directorate.
Additionally, weekly IDSR forms, monthly IDSR andramunity-based surveillance

summary report forms are submitted to the regi@al. In an interview with DCOs at the

Talensi District Health Directorate they reportkd followingproblems and concerns

l. Inadequate staff trained to take CSF samples

Il. Unavailability of agglutination test

IR CBSVs are not sufficiently supported or motivated

V. Lack of sufficient funding

14
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At the regional level, samples of C8Fetaken to the zonal public health reference laboyato
for final confirmation. The Regional Health Direcdte reportdsall suspected and
confirmed cases at national level at the DSD andliged feedback of confirmation of
meningitis results to various districts in the megincluding the Talensi district which also

relayrelayed the information to the respective sub-districtltietacilitieswhereferthe

appropriate public health actignvere takenHowever, feedback of confirmation of

meningitis casedelays required 3-4 days faslaboratory resultg beareusdatly received

within-3-to-4-days The delay in confirmation and feedback was mostyiklue to

bureaucracy in reportiné

Resour ces

There are no specific funds allocated for menisgtirveillance in the district. The total cost
for meningitis surveillance is estimated basedhendirect personnel cost plus the cost of

stationary, transport, laboratory services ancptedee per case. However, cost of medication

15
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was not considered in the estimation. The directgrenel cost was calculated by multiplying
the number of person-hours spent on meningitisesilemce by the hourly salary rate of
persons involved. Five (5) cases of meningitis weoerded in 2014 with three (3) DCOs
actively involved in their surveillance. Their estited person-hours per case and hourly
salary were 6.5 hours and $1.56 respectively. Toerethree officers average direct

personnel cost was $3@8lto detect a case.

Cost offyelfoertransporation was estimated at $6.78 whilst cost of stationiatyoratory
services and tet®mmunicatiophenewere estimated as $0.78, $3.5 and $1.04 resphctive
ferapercase. Hence, the total estimated cost for meisnglirveillance per case in 2014

was $42.59.

L evel of usefulness

The surveillance system is very useful as data fimrsystem has informed policy and
decision making that has led to the formulatiopalicies on meningitis control and
prevention for which Talensi district have not netaxl any outbreak epidemics for the past 5
years. Also, the periodic half yearly and annustréit and regional performance reviews
have enhanced strategies to control and prevenngigs epidemics. Data on meningitis has
contributed to awareness creation in communitiesaderts health care workers during the

meningitis season.

DISCUSSION

The evaluatiorof the meningitis surveillance systaevealed that the surveillance system

has achieved some of its objectives, despite sbrakeages. Itvasfound that the system
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was simple to operate, flexibland stable. The epidemic prone nature of menggitght
have accounted for the rating of these systenbates. These findings were consistent with
studies by McKerr et al. in Taiwan who ardubat such attributes were important for easy
operation of a surveillance system [31]. The higbeptable attitude of healthcare workers
and stakeholders was a good finding as high ppéticin was paramount for early detection
of meningitis cases [31]. It is therefore not sigipg that data quality was generally good.
Also, incidence of reported cases from differeft-districts in the Talensi district made the
surveillance system representative, and furthepatgds the high participatory role of
healthcare workers and stakeholders involved ininggtis surveillance. However, low
sensitivity*1and low positive predictive values reported in stisdy were possibly due to
the low prevalence of meningitis cases in the Taldrstrict. The low prevalence of
meningitis cases in Talensi district is similarfindings reported in Mali and Burkina Faso

and could be attributed to the role-out of Men¥&¢ vaccination prograrm 20106¢fin

which Ghana waa paricipant[15,32] . Additionally, reporting of suspected eady health
facilities to the Talensi district and the RegioHalalth Directorate were timely. However,
there were delays in feedback in confirmation bblatory results as samples of CSF sent to
the Regional Health Directorate were forwardechtozonal public health reference
laboratory in Tamale, which is far and located imgtshe Upper East Region. The delay in

feedback of laboratory confirmation-efases delays public health actierhether results

where negativer ifsuch-cases-werfdund to be confirmeébr meningitiscasesSinclair et
al. in India noted that because of the importarideedback for immediate public health
action, laboratory infrastructure nedd be established throughastathe country to enhance

laboratory surveillance [33].

The cost of detecting a case, $42.59 during thkiatian was observed to lzesimilar to the

cost reported by Griffiths and Erondu in Chad whics $49.0 per case [34]. However, lack
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of funding for meningitis surveillance during theakiation posed a major system challenge
for its operation. This has resulted in lack of ivational packages for CBSV who pEya
critical role in community surveillance. This isaontrary to studies that observed that
motivation of staff was essential for enhancingsiliance [35]. Such funding would have
been important in training healthcare workers sy ttan carry out lumber puncture as this
will help enhance laboratory surveillance. Adoptawive surveillance in the Talensi district
as well as other districts in northern Ghana egfiigaluring the dry season will greatly
enable healthcare workers to be on the alert acdugage them to display case definitions in

health facilities for constant reminders.

CONCLUSION

Although the surveillance system for meningitis m@me of its primary objectives, it is still
confronted with operational challenges. It is intpat that the Ministry of Health/Ghana
Health Service, the Government of Ghana and None@wrental Organizations interested in
health make funding of meningitis surveillance @ity in northern Ghana. Investment in
the surveillance system should address motivati@mommunity-based surveillance

volunteers as their work in the community is catifor swift local responseand-rational

vaccine impact monitorin@ndmakingpolicy decisionsroundthe-meningitis-vaceine
pregranGrarmespregramin the meningitis belt.

Healthcare workers should also be trainegrevide-them-with-the-needslills-and

expertisdo carry out lumber puncture to avoid delays in G&fpling.

A public health reference laboratory should bethnithe Upper East Region to enhance
laboratory confirmation of results and prevent gelia feedback from the zonal public

health reference laboratory.
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It is also imperativéo educate thésr communities especially in northern Ghama

infectious diseases and the important positive gblolunteers in controlling the disease.

Ethical Considerations

Written informed consent was obtained from studyigpants. The Upper East Regional

Health Directorate and the Talensi District He&lihectorate granted approval ftinis study

to be conducted.
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