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The high human immunodeficiency virus (HIV) prevalence in sub-Saharan Africa has markedly changed the epidemiology and
presentation of adult meningitis. We conducted a systematic review using PubMed, Embase, Ovid, CENTRAL, and African Index
Medicus to identify studies in Africa with data on neurological outcomes in adults after meningitis. We found 22 articles meeting
inclusion criteria. From 4 studies with predominately pneumococcal meningitis, a median of 19% of survivors experienced hearing
loss up to 40 days. Two studies of cryptococcal meningitis evaluated 6- to 12-month outcomes; in one, 41% of survivors had global
neurocognitive impairment and 20% severe impairment at 1 year, and in a second 30% of survivors had intermediate disability and
10% severe disability at 6 months. A single small study of patients with tuberculosis/HIV found marked disability in 20% (6 of 30) at
9 months. Despite the high burden of meningitis in sub-Saharan Africa, little is known about neurological outcomes of patients with

HIV-associated meningitides.
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Meningitis is associated with high morbidity and mortality in
resource-rich and resource-limited settings [1]. The human
immunodeficiency virus (HIV) epidemic in sub-Saharan
Africa (SSA) led to an increase in incidence of meningitis,
especially in adults with advanced HIV disease [2, 3]. Case-
fatality estimates for 3 of the main causes of adult meningitis
in SSA—cryptoccoccal, pneumococcal, and tuberculous men-
ingitis—range from 41% to 70%, and meningitis is the cause of
up to 20% of deaths in HIV-infected cohorts [4-6]. In addition
to the high mortality, ongoing disability from neurological
sequelae in survivors further increases the burden of disease
due to meningitis [7].

Multiple studies from Africa have reported neurological
sequelae in pediatric survivors of meningitis [8]. Pediatric
studies show an increased risk of mortality from bacterial men-
ingitis in HIV-infected versus uninfected children and greater
risk of recurrence, suggesting that these patients are more sus-
ceptible to poor outcomes [9, 10]. However, the epidemiology
and etiology of meningitis differs markedly between adults
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and children, and little is known about long-term outcomes of
adult meningitis in Africa. From population-based estimates
in rural Kenya, meningitis was one of the leading causes of
disability-adjusted life years lost due to high case-fatality rates
and long-term disability in HIV-uninfected survivors [7].
A clear understanding of long-term disability of adult menin-
gitis survivors in the context of the high regional burden of
HIV-associated meningitis has important public health and
economic implications for low- and middle-income countries
[6, 11]. The aim of this systematic review is to describe our cur-
rent understanding of neurologic sequelae in adult survivors of

meningitis in Africa.

METHODS

Literature Search Strategy

We conducted a systematic review of articles published on
neurological sequelae of adult meningitis in Africa with no
lower limit on start date until June 30, 2017. A search strategy
was developed with 3 components: one identifying articles on
“meningitis” or “meningoencephalitis,” a second limiting the
search to articles from Africa, and a third identifying articles
reporting on neurological sequelae of disease. We searched 5
databases, including PubMed, Embase, Ovid, CENTRAL, and
African Index Medicus. The full search strategy is shown in
Table 1. Three reviewers (D. W. G., H. K. M., and M. W. T.) inde-
pendently screened the databases using these search terms. We
identified relevant supplemental articles through review of ref-
erence lists of relevant articles (published reviews and included
studies) in the primary search. Citations were uploaded into an
EndNote Library and duplicate articles were removed.
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Table 1. PubMed Search Terms

Search component 1 [meningitis OR meningoencephalitis]

Search component 2

[Africa OR African OR Algeria OR Algerian OR Angola OR Angolan OR Benin OR Beninese OR Beninoise OR Botswana

OR Botswanan OR Motswana OR Batswana OR Burkina Faso OR Burkinabe OR Burundi OR Burundian OR Cameroon
OR Cameroonian OR cape Verde OR cape Verdean OR cab Verdeans OR central African republic OR central African OR
chad OR Chadian OR Comoros OR Comorian OR democratic republic of the Congo OR Congolese OR republic of the
Congo OR congo-brazzaville OR cote d'ivoire OR ivory coast OR Ivorian OR Ivoirian OR Djibouti OR Djiboutian OR Egypt
OR Egyptian OR equatorial guinea OR equatorial guinean OR Equatoguinean OR Eritrea OR Eritrean OR Ethiopia OR
Ethiopian OR Gabon OR Gabonese OR Gambia OR Gambian OR Ghana OR Ghanaian OR guinea OR Guinean OR Guinea-
Bissau OR Bissau OR Kenya OR Kenyan OR Lesotho OR Basotho OR Mosotho OR Libya OR Libyan OR Madagascar
OR Malagasy OR Malawi OR Malawian OR Mali OR Malian OR Mauritania OR Mauritanian OR Mauritius OR Mauritian
OR Mayotte OR Mahuran OR morocco OR Moroccan OR Mozambique OR Mozambican OR Namibia OR Namibian OR
Niger OR nigerien OR Nigeria OR Nigerian OR Rwanda OR Rwandan OR Rwandese OR Senegal OR Senegalese OR
Seychelles OR Seychellois OR seychelloise OR sierra Leone OR sierra Leonean OR Somalia OR Somali OR south Africa
OR south African OR Sudan OR Sudanese OR Swaziland OR Swazi OR Tanzania OR Tanzanian OR Togo OR Togolese

OR Tunisia OR Tunisian OR Uganda OR Ugandan OR western Sahara OR western Saharan OR Zambia OR Zambian OR

Zimbabwe OR Zimbabwean]

Search component 3

[cognitive OR cognition OR neurocognitive OR neurocognition OR complications OR attention OR behavior OR behavioral

OR behaviors OR sequelae OR impairment OR retardation OR epilepsy OR disorder OR learning OR memory OR func-
tion OR functions OR functional OR dysfunction OR dysfunctional OR dysfunctions OR deficit OR neuropsychological OR
psychological OR psychomotor OR motor OR hyperactivity OR disability OR disabilities OR iq OR intelligence OR hearing
OR sensorineural OR deaf OR deafness OR “rankin scale”]

Citation Screening (Inclusion/Exclusion Criteria)

We screened citations against standardized eligibility cri-
teria with initial title and abstract search followed by full
text review of potentially eligible articles. Inclusion criteria
included the following: (1) involving patients 212 years of
age; (2) conducted at health centers in Africa; (3) reporting
on prevalence or incidence of any neurologic sequelae in
patients with meningitis; and (4) using a prospective or ret-
rospective observational cohort methodology or randomized
controlled trials. We excluded case studies and case series
with less than 20 patients, because of concern for heteroge-
neity of reported outcomes and high likelihood of publica-
tion of nonrepresentative cases in case reports or case series,
as well as published conference abstracts. For studies with
pediatric and adult outcomes data separately reported, we
excluded pediatric patients in our analysis. Adult and pedi-
atric meningitis outcome data were intermixed in several
included studies, primarily studies of Neisseria meningitidis
meningitis. Inclusion of patients >12 years of age was decided
as a developmentally meaningful cutoff (following rapid neu-
rodevelopmental change, particularly in the first decade of
life). We included studies reporting outcomes from micro-
biologically confirmed meningitis or meningitis diagnosed
using molecular methods, and we also included studies with
cases diagnosed using a combination of microbiological and/
or molecular methods and cerebrospinal fluid (CSF) profiles
suggestive of bacterial meningitis (CSF with polymorphonu-
clear cell pleocytosis), as well as N meningitidis diagnosed
clinically during meningococcal meningitis epidemics. No
language restrictions were placed on the search. Although no
formal quality criteria were used to determine inclusion or
exclusion of articles, we undertook a subjective assessment of
trial quality based on established guidelines [12].

Data Abstraction and Analysis

Study information was entered into Microsoft Excel spread-
sheets, and accuracy was verified through consensus from
all authors. Study year(s), country and clinical setting, study
design, meningitis pathogen(s), patient clinical characteris-
tics (age distribution and HIV status), follow-up period, out-
comes measured, and outcomes data including both death and
neurological sequelae were entered into spreadsheets (Table 2
and Table 3). We categorized outcomes according to common
sequelae, eg, hearing loss, as performed in previous meningitis
reviews [8, 13]. Tables were organized by main causative patho-
gen and further sorted by year of publication.

No formal meta-analysis was undertaken due to the small
number of studies meeting inclusion criteria as well as heter-
ogeneity in causative pathogen, follow-up period, and neuro-
logical sequelae evaluated. Descriptive statistics were used to
analyze outcomes using percentage, median and interquar-
tile range, mean and standard deviation, or other descriptive
measures as indicated. We did not report pooled neurological
sequelae of individual studies due to significant heterogeneity
in types of sequelae evaluated, method of sequelae evaluation
between studies, and limited number of studies for most major
causative pathogens.

RESULTS

Literature Search and Citation Screening

The search yielded 6204 original articles for review on June
30, 2017. The database was deduplicated, and then a primary
screen by article title was executed (Figure 1); 3241 articles
were excluded at this point. Most references were screened
out because they contained data in neonatal and/or pediat-
ric populations or described case studies or small case series.
A secondary screening of full abstracts was then conducted in

2 « OFID « Goldberg et al



([%€]

/€ JO |) UIOBXO}40I
-did [[% el (LE 40 1)
ulouad (([9%91]
L€ J0 9) |odluayd
-WRIO|YD {(SPI0dal
yum siusied

(4SD piguny pue ainjoid
|e21UI|D UO paseq YO 1s81
ueBiue 8|gn|os 10 ‘8Inyno

[%8L] L€ 10 67) Aep '190000|dIp eAnebeU-weID 7661
/sewi} ¢ welb 10} anisod 450 Ag pawiy ‘lexdsoy pjal}
obeuwep | j091usydulelolyo -U0D S8SBD papn|oul) 99bnyal ‘(0Buo)
|eolbojoinau + Aep/sawin 9 A| (L1 $(1 ueaw oy} 1zs olwapide siibuuew N 1J0yoo Jo oljgnday [5z]
SNOIAQO AJ[ealul|) [eudsoy-u|  SHUN Uol||iu 7 ul||iolusd 102) %Zl JO JoMie piepuels) € JO GZ) %8Y S Buunp snibuluew [eueloeg  eAlDedsolley  dlleloouwle(q) edlez 8661 ‘UBWASH
1101}0p Jojow ‘sn|
-eydaoolpAy ‘Asjed 3ealqino
9AJau [elueld Jole siesA g paien (505 1104yoo 6661 ‘[eud (L]
‘JopJosIp Je|jegela) -leas swusned BulAIAING SN SN $(Gl) ¥Z 10 GZ2) %ty S0S v dnoiboues sipiibuiusw N 9A1108dS0ld  -SOy 1011SIp ‘Buey)  |00Z ‘uosbpoH
(%) shep gx
Ajiep A/ B
/Bw 0g euoxeny8d
'(%6) shep Gx Ajiep
Al BY/6uw 0g ewixey
-0409 !(%18) abeione
shep gx sasop ¢ ul
Alep NI B/6W 0g $(89-1 (o (%001) V 1oyod 6661 ‘[endsoy
$so| BulieaH |endsoy-uj |ooluaydwelo|yd SN obuel) 0z UBIPSIA 4O Zt) %09 0L dnoiBolss sipiibuiusw N 9AI108ds0.d |ellagal ‘lebauss  [0Z] Z00Z '1PASS
(e4reuuonsenb
,Slauuo) Buisn)
sa|gnou [ealBojoyd
-Asd “Jusuwuliedwl (9%9) seluownaud 1102-010Z
1010W ‘SSO| S (% 1) D dnoiboies pue ‘suoibal g 10
Bupeay ‘swoy 1(€8 '(%9) v dnoiboiss ‘(% /8) 110409 w0l SalM|ior)
-dwAs |euonouny shep Ly1-0G ebuey SN SN €L JOvh) %ES L9 A dnoiBoles sipribuiuaw N aAndadsold uieay 4eBIN  [9v] €102 10SNP
(% 1)
paijoadsun dnoibolas
Anoedeour sipiibuiusw N ‘(%9) eelu
|eluswi uslsisiad -owneud snoo0o01de.1S
‘sou01so|iul ey (%61) M dnoiboles
-uswdojanap jo (%) D dnoibolas
SsO| ‘sso| Bulieay sibuluew sAep gx auo siibuiuaw N paluspl
‘SUOIS|NAUOD Jalje syuow 6-G'¢ XelYeo Juswiesl] (69¢ ‘Bunsel YOd aAnisod 10Yyod [t
‘BILUSOUE ‘SISA[RIRd uolenjens a|bulg pJepuels paloday SN $71-G UBIPBIN O 0ZZ) %09 69€ yum sejdwes 4S9 6L JO  oAinoedsoliay 910Z 'uolipjod
SiHBuIuB|A|
sipiibuiusw
EIERSEN
pepioday dn-mojjo4 uswiBoy Juswileal| (N/Y) % +(as) (N/U) yleeg¥ odA[ siubuius |y odAl Apnig (SIEENN [eouala)ey]
S9INSed|N 8W0INO ‘snieis AlH uea|\ 'sieaA Ul oby 9[_IN % aejanbag 1o} ‘Bumes ‘Alruno) e uoneolgngd
‘uonnguisig passessy loyiny
PEL jusied

M3InayY Ul papnjou| sajay  °Z 3|qe]

Neurological Sequelae of Adult Meningitis in Africa: A Systematic Literature Review « OFID « 3



|elie10eq
PBULIJUOD ||BIBAO %71
pue seluownaud § paullly
-U0d % L {(4S0 Apnojo

91003 10 @oueulwopald |80
awooInQ mobse|n sAep QL wnuw JeajonuoydiowAjod yum 800Z-9002
Aq Aljigesip [eaiboj -uIwx Ajiep 8o1m) (el 4(8e-Lt 48zl T1/S1190 SUYM Q0L < YHm 104 ‘levdsoy |el [¢el Loz
-0Jnau ‘sso| BuleaH shep O Al Sweib g suoxeuya) 4o v0L) %18 ‘YOI) ZE ueIps|\ O 19) %8P §G2L 43D) sibuiusw |eusioeg aAnoadsold -1ajal 'IMe[RIA ‘zoimeninply
sibulus |
osejuownaud
S$Nn220001d8.1S
€/61-9961 1un
yoleasal AneN
+61-0L dnolb HgLL  (sieeh QL) Hoyoo SN pue [endsoy
sso| Bulesy SYIuOW 9x AjUIuoiN SN V/N  obe ul %g/ 'sieak 0L 4O 8EY) % 9SG GLe (%001) siprbutuew - oA199dsOId |essejei 1dABT  [9L] 6461 ‘aiqeH
SSO| [ensiA
“110148p JOJ0W
‘sso| Bulieay
‘As|ed anJau |elu
-e10 quawiiedwil
UOI1eUIPI00D Ajjeaiuijo pssoubeip
‘(eBewep uleiq S9SED 1SOW YUM 81N} nd
919A8S 'UoliepIelal poo|q 10 45D Ag pawuly
|elusW ‘esuodsal -Uod Aj|eaibojousloeq (LG
MOJs ‘uoNesedood 40 GZ) %E'GL ‘olwapide €861-¢861
Jood/Av|iqe1ri) 90UO ||| Swelb (LGL Bunnp v dnoiboles 110Yyoo ‘Adesay 1uen
aejenbas pazijessusy Syiuow z1-9 € |0d1uaydwelolyn SN F71-0L UBIPSIN O 8/) %09 LSl sipiibuiusW N pawnsald aAnoadsold -edino ‘eiquien  [67] 8861 ‘UHWS
shep gx
sinoy z| Aiene Al
Bw z| suoseyiaw
-exapF sAep gx
SOS0p 7 Ul Ajlep A B
/Bw 0oL +dnoub jon (%€L) SN-€861 ‘Hun
|ooruayduleloyo + -Uod Ul (g) €1 ‘8uos sezuanjjul snjiydowaseH 104 yoleasal AneN
siselediway $8S0p 7 Ul -eylawiexap Yum (62 '(%Gg) seluownaud papuligqun 3N pue |eudsoy
'sso| Buiesy sypuow 9x Ajyiuojy - Bx/Bw 09l SN paiean dnoib ut (6) ¥l 40 842) %S9 (5144 S (%29 sipmibulusw - 9Aoadsolg |essajas 1dAGT  [8L] 686L ‘S!
(v dnoibouss)
Sipiybuiusw N pswnsaid
|1e ‘(smbuius N UM Jus
-18ISUOD uoneUSsald [eol
shep QL—£ -UIl9 YO 24n1Nnd [eLIS10eq
uoleInp Juswleal} HO uleis weir) aanisod
(9%0¢) |021usyduwiel 4O ureroid ybiy pue ‘8so0d
eibe|diwey -0|Yyo pue ul|jioiuad -n|6 moJ ‘sIsolAo09|d [|90
‘ssaujeop ‘Asjed uoneuIquo) {(%08) 161-G| dnoib abe 18se JeajonuoydiowAjod yum 110402 8361 ‘|evdsoy [8¥]
9AIBU [BIUBID) |endsoy-u|  Adeissyl paseg-ul||iolued SN Ul %/G ‘6p-Gl obuey 1O 6/L) %P9 02 4SD) simbulusw |eusioeqg aA08dsold |eusyal ‘eidoiylg 7661 ‘opedeq
pep.ooey dn-mojjo4 uswibey Juewilesl] (N/U) % «(as) (N/u) yleeq+ adA| subuius|y adA| Apnig (SIEEN [eoualaley]
$8INSEa|\ SWOINQ ‘'snie1s AlH US| ‘SieBA Ul 8By EIEINCA oe|anbag 1o} ‘Bumes ‘Aluno) Ie8A uoneolgng
‘uonnguisiq passassy oYy
PELS 1usled

penunuo) °zajqe]

4 « OFID « Goldberg et al



UoISN}U0D
‘loplosip ainzies

(%6) S18y10

"(%6) eezuenyul H '(%cL)
sipnibuluaw N *(%62)
sejuownaud S '(UsIp|IYo
Buipnjoul) syuaned Gg

40 1I0yo9 Jabie| ul {(auny

1Bulus|y
|ela1oeg
PaXIN/ABYI0

‘snjeydesolpAy (1aybiy -|no |elaloeq YO Ulels
‘siselediwuay SsAep Ql—/x Apued weln) sAisod 1o /6 | <
‘Aejap |eluswido sinoy g Alene A| B -j1ubis urelold pue “J/joww g1 >
-|lonap ‘ssaujeap /Bw Gz |oo1usyd A1) AIH aso0on|b ‘s|j92 Jesajonuoyd 7661-1661 ‘s|e1
‘As|ed ensou -welojyo + sunoy UMOU =<lowAjod %G/ < ‘s -idsoy 1011sIp {7
|elueId ‘uols AJona A| sHuUn uol| UM (vg (umop-yeslq (sleah G1) /81199 81IYM 000L < Yum 1J0yoo 1e walsAs 1odal
-NJUOD ‘BIXELY |eudsoy-uj  -jlw ¢ ulpoluad-jAzueg J0€) %zl Jaylnj ou) GLZ SN S1npe ¢z 4SD) sibuluswi [elsloeg 9Ajoadsold  |euoneu ‘puelizems  [/z] ¥661 ‘Pio4
(%G2) shep oL x
Allep 821m1 A| B G0
auoseylawexap
+ Ajlep Al swelb 9
AWIXB1040 !(9%9G)
shep oL x Ajiep A (%2)
swief 9 sWIxXe10409 esoulbnise Seuowopnas
(%61) shep GLx ‘(%) /100 elyoLeyosg [92] 6661
Altep Al sweib z| (98 (09-91 (a8 "(%67¢) sipribuiusw Hoyos G661-166L ‘leud ‘NOWNO3N
sseujea( [e)dSOoy-U|  ©1BUBINABIO/UI||IDIXOWY  JO GL) %8L obuel) €€ UBIPSIA  JO 09) % LL G8 N '(%G9) eeiuownsud §  oAnoedsoney -SOY [eldjal ‘Uoges) -owoyO
(% 1) 48410
(9%9) wsiueblio
aAlebau-wels) 1ay10
JoplosIp ainzies sAep px Ajlep 901m1 (%) sipnibuiusw N
‘sisaled ‘usw Al B 9| suoseyiow '(%9g) eeluownsud S
-liedwi [en1os||e1ul -exep¥ sAep Q| X ‘(45D Apnojo 1o G00Z-200Z
'sso| Buliesy Ajiep 8o1m1 INI/A| (vev (ov T/s1180 BUYM 00L< UM 10y ‘lendsoy jes [ez] Lo0z
‘Alligep ‘ssaupullg shep O swielb z suoxelya) 4o 68€) %06 (LL) 2e 40 0€T) %6t jeield 4S0) siubuluswi |eusioeg aAnoadsold -18jal 'Imele|n ‘ybnoioqiess
Aliep Al B3
/6w Q| |021usyd
-WeIo|yo ‘weloe-y e
Uum Ajtep Al B3/6w g
ulolwelusb (Ajiep Al
63/6w G/—-0G auoxe
-0 ‘Ajlep sewll €
sisAjeied Al B/6w 00Z-00L
J0J0WO|N0 ‘SIS SWIXB10J00 (S8S0p € 7002-G661
-olediway ‘Asjed ur Ajiep Al B3/6w 002 (€L (€L 1oyos ‘|lendsoy [el [1e]
|e1oe} ‘sseujesq |eudsoy-u|  uljjiorxowe 4o uljjoidwyy 10 6) %2l (G6L) 7 4O 6Y) %9 el (%00L) eeiuownsud 5 ©A1}0edsO0.I10Y -1e4a1 ‘|lebauss 800¢ ‘ebuey
pepiodsy dn-mojjo4 uswiboy Juewilesi] (N/U) % «(as) (N/U) yeeQg+ adA| simbuius|y adAl Apnig (SIEEN [eousla)ey]
sainses|A SwWo2INO ‘snie1s AlH ues|A ‘sieaA Ul aby S_IN% aejenbag 10} ‘Bumes ‘Aiuno) 1e8A UoNedIIgnd
‘uonnquisig passessy Joyiny
xo8 jusied

panupuo) -z ajqer

Neurological Sequelae of Adult Meningitis in Africa: A Systematic Literature Review « OFID « 5



sleak ¢
10} paiealy syualied
||e ‘uroAwoldans +
pizejuos| + uiduleyll
lauoseylowexsp F

siibulusin
12000001dA1D)

uioAwoldans + pize (ennebou
snjeydaoolpAy -lUoSI + [oINquieye a1om bBul
‘eibs|deled-sisal sieaA g ‘upAwoydals + 1501 A\|H
-ediway ‘sabueyd 0} dn sysiA Juaijedino pizeluosi + |joynquie SEWNELEY] 9661—9/61 ‘Hun
snpuny ‘Asjed Alyruow usyy Aeis |eud -U19 ‘upAwoydais oym yoleasal AneN
EANEIVRTEIVIENG) -soy Buunp syluow g9x + PIZBIUOS! + ploe sjuaied (LG8 (POULIIJU0D-2INYND % 00L) 10Yyod SN pue [eydsoy
‘Aydouie |eigeie) Apjoam wexe aA3 oljAoIjesoulwe-4 I1e) SN F(EL) Ll 1O /6Y) %8S 1G8 siiBulusw snojnaJagn| 9AI10ads0.d |edlajes 1dABT  [61] 8661 ‘SIBIID
Syeem g 1e
paieniul Adesayy |el
-Inoselnue {(S|y1-g.L
$S9|UN) SYoeM (sisoubelp
Z % Allep 0d B 18Y10 JO 92US8sQE Ul
/Bw G/°0 duos sainjes} olydesBolpes pue
sso| bul -lupa.d uey) s3eem g ‘Aloleioqe| ‘|eaIulO M
-leay ‘sisasediway x Ajlep 0d By/6w G| aAleU sased ,9|0eqold, NV
‘g|eOS EBllUBWAQ auosiupald yum |BJIN0I18. aAIsod 81Ny nd Jo/pue
AIH [euciieuIsiu| sauljapind [euoiieu -ue jje aAnsod ulels isej-proe 0L0Z-600¢
Aq 1usuiiedwl SYluow g ‘syiuowl 9 01 BuIpI0ooE UBAIB ‘(€ Jo (62 (12 4SD YUM seseo alulep,, 110400 ‘lendsoy |esiajel [e€]
SANIUBOD Xl ‘syeam gl pue ‘g 'y 'z Adessyl snojnosegniiuy 7€) %00L '4Ol) €€ UBIPSIN  JO 61) %99 e U100) sniBuluaW snojnosegnt 8AN08ds0Id ‘ed14y Yinos €10 ‘steleN
Buluain g1
(%) dds
Jeplosip J8108qOIBIUT (% L) BBIU
ainzies ‘Aydouie -ownaud ejja1sqayy ‘(%/1)
ondo ‘snieyded shep gx A| B3/6w z'0 +snbulusw Alepuo 1YdAY ejjauowies ‘(% /1) 600Z-£661 ‘Hun
-0JpAy ‘eibe|diwey auoseylowexap + -08S JO s8sed Ul () esouibnise 4 '(%zz) siiq yoleasal AneN
‘sso| Bulleay sAep QL Ajlep Al Z€ ‘snibuiusw Alew (6 -eJIW SN8joid '(%Gg) 102 1Joyod SN pue [endsoy [£L]
‘ebewep |eigata) |endsoy-u| swelb ¢ suoxeuya) SN -udjoseseoul(9) €L 4O L9) %9 G6 3 1)10eq eAllebau-welb ||y oAl0adsosley |eusyals 1dABT  |L0Z ‘PeWWEH
snjeydeooipAy (%1) 1109 3 "(%EL) Sneine
‘siepJosip yoeads S (%ce) eezusnjur H
‘seinzies ‘ynsul (%07) sipribuiusw N
uleJq oIWayos! "(%0v) eeuowneud §
‘As|ed anJsu [eIU Buipnjour ‘snibuiuew
-810 '(SOD) 8[B2S [el810.q 1810 (19 40 GP)
awooInQ mobse|n %1/ ‘snibulusw snojnd
(SN ®[eds L9 (19 40 -18gn1 (19 40 91) %9C
AJOWBIN Jo|SYOaAA 6) %Gl '09-L¥ (19 Bulpnjoul (81N} nd Jo/pue
"(ISININ) wexe J0Gl) %¥T (19 sleah g1z) utels 4S9 eAlisod) siib Hoyod §10Z2-€10¢ ‘et [82]
SNieLS [EJUSIN-IUIN |evdsoy-uj SN SN ‘0v—9lL (L9140 LE) %19 4O Z¥) %69 SHNpe L9 -utuswi |elis1oeq pswlijuoy aAndadsold  -idsoy Jans) 1dAB] GL0Z ‘ApuiD-3
pepioday dn-mojjo4 uswifoy Juswieal| (N/U) % «(as) (N/U) yleeQg+ odA| sinbulua|y adA| Apmig (S)1e0A [ERIEIETEN)|
$8INSea|A SWO02INQ ‘sne1s AlH uea|\ ‘sieaj ul aby EIEINERA aejanbag 10} ‘Bumas ‘Aluno) 1B8A UONedIgNd
‘uonnguisig passassy ‘loyiny
PSS jusied

penunuo) °zajqe]

6 « OFID « Goldberg et al



([¢swsjqoud

Jay1o Aue yum
1uaned sy} Yo
ssaul|l 9yl sey
pue ‘sailAnoe Aep
-AJans 1oy ApogAue
wiolj djay alinbal
juaied ay1 seop]
suonsenb g pue

S399M G 1e paleliul
Adeisy} [eJinol8iue

8|eos upjuey pal} ‘Allep Od Bw 00z (ouose
-IpOW JO uoneuIq 9|0ZeUoON|} UBYL -ylewexep
-Woo AQ passasse) s39am gx Ajlep Od aAioun(pe 102-€102
Syluow g pue Bw 0pg |0zeuoon|} Yyum ‘siendsoy |es
Syeam Q| 1e usy} 's3eam gx Allep peieal) -lajal ‘elsauopu|
Aljgesip jo 0Od Bw 008 8jozeu sjuaned ‘pue|iey] ‘soe
[9A9] "S¥oam -0onj} + Ajiep Al B (92 J0 (0v-0e (9ze Bul (%00L) 104 ‘elssuopy| [o€]
0L 18 Aunoe [ensipA  syluow 9 pue syeam | /Bw Q'L g upusloydwy  922) %00L ‘HOI) GE UBIPSIA  JO ZEL) %8G  -PN|OXd) 977 snibuiuew [e000001dAID) oA08dsold ‘epuebn ‘IMelel\ 910 ‘As|spieeg
$2100S 9|edS (g
-§3)D) uoissaideq
S8lpms
olbojoiwapidy
1o} Jejue) pue
‘9|e0S enusweq Adelayy [eaIA
AIH [euOnBUISIU| -oJ1aunue (sisoubelp
‘Asjouley pa1sel lole s3eeMm g) ale|
os|e ‘suepuebn 10 (sisoubelp Jaye
pa1oauIuN-AH Syeam z—1) Ajies 01
0 s8100s paisn( paziwopuel sjuedi
-pe-uoleonpa -o1ed syeem g 1e
pue -e6e yum peieniul Adesayy [eJ
paledwod pue -Inoa1811uUe ‘Ajlep Od
$9.100S-Z [BNPIA Bw 0oz sjozeuoon|y
-pul JO ueaw se usay} ‘s3eem gx Ajiep
(8-ZdND) 21008 0d Bw 00w 8jozeu
souewloped -09N|} UBY} ‘Syoem
aniuboo0INBu ex Ajlep 0d Bw 008
aAllelIUEND pale| 9|0zeuodN|} USYL
-NJJed ‘sulewlop g 'syeam gx Ajlep Od
Buireniers s1sey sisoubelp sii Bw 008 8|0zeuoan|} 2102-010Z
|eoiBojoypAsd -IBuiuaw Ja)e yruow | + Ajiep A B3/6w 'L (06 (0v-0¢€ (06 (%00L) 104 ‘|endsoy |el [zel L10T
-0inau jo Aleneg uoneniens s|bulg —/°0 g upusloydwy 40 08) %00L ‘HOI) 9€ UBIPSIAl 4O ¥S) %09 06 sibuluaw [8990901dAID) aA110adsold -19jo. ‘'epuebn ‘AJowioBIUoN
paplooay dn-mojjo4 uswlibay juswiesl| (N/Y) % +(as) (N/u) yleaQ+ adA| siubBulus|y odA| Apnig [SILEEN [eousla)ey]
SeINsea| 8wodInQ ‘'snieis AlH UBS|\| ‘Sie8A Ul 8By S[eIN % aejanbag Joy ‘Bumes ‘Aluno) I8\ UONEDIgNd
‘uonnguisig passessy ‘Joyiny
XoS lusiied

panupuo) -z ajqer

Neurological Sequelae of Adult Meningitis in Africa: A Systematic Literature Review « OFID « 7



‘Aljigesip pue Anjeriow Jaybiy Ajpueoiiubis Y peleioosse Sem UoIYM ‘|0180AIB BUIAISDSI LI UOIUSAISIUI POPNIOXT§

"(sieaA z1>) swuened ouleipad swos papn|ou|+

‘B1EP S8LIO0INO INOYIM IO ‘PapNjoul Jou ‘dn mojjoj 0} 1S0| sjuailed [euoiippe papniou L

‘poIelS BSIMIBYIO0 SSB|UM 4

"8WOIPUAS AJO}BUILIBHUI UOIIN}IISUODS] BUNLIWI POIRIDOSSE-SISO|NIaqN) ‘S|Y|-g . UONRIASD plepuels ‘S ‘[el} Pajj0Jjuod
paziwopuel ‘| DY ‘(|elo) so Jad ‘Od ‘uonoeal uleyo esetswAjod ‘YOd ‘onel Sppo ‘YO ‘peless 1ou ‘SN ‘s|qeolidde Jou /N ‘ebuel sjiienbieiul ‘Y| ‘'SNoUsABIIUL A ‘Je|NOSNWEIIUL ‘||| ‘SNUIA AdUBIoBpOUNWIWII UBUWINY ‘AJH ‘PINj} [BUIdSOIq818d 4S)) SUOBIABIGaY

910G 18] [BIUBIA|
paleinaIqay

pue 8103s 8|edS
upuey paipow

SyoeM {7 18
paieniul Adesayy [el
-1n0d381nue ‘Ajlep Od
Bw 00z 8|0zeuodn|}
usy} ‘s3eem gx Ajiep

Aq s3eem zg 0Od Buw 00w 8j0zeuod 1102-010¢
e palsal uon S3eam -NJ} UBYY [S398M ZX (09 (6e-6C (09 (%00L) 1oyos ‘|lendsoy [el
-ouny [ealbojoinsN G '$3eaM (L ‘S3eam 7 Od Bwl 008 8J0zeuodn|4 o 09) %00L 4'Ol) ¢E UBIPSIA 4O E€) %SG 09 siiBulusw [£9900010A10 aA08dsold -18jal "IMeBIN  [¥Z] €10C ‘8y10Y
suepuebn
pa1odjuIuN-AIH
0 s8100s paisn(
-pe-uoieosnps S3OOM G 1B
pue -abe yum paieniul Adesays [el
peleduloo pue -InoJ1ednue ‘Ajiep Od
$9100S-Z [eNPIA Bw 00z o|0zeuodn|}
-pul JO UBSW Se uay} 's3eem gx Ajlep
(8-ZdND) 8100s 0Od Bw 00t 8jozeu
9ouewlopied -00N|} UBY} ‘SYeem
SAILIUBOD0INBU £x Ajlep Od Bw 008
aAleYIUBND pale| 9|0zBUODN |} UBY}
-nd|jed 'sulewop g ‘syeaMm X Allep Od
Buneniens sisay Bw 0pg8 e|0zeuoon|} £102-010Z
|eaibojoyoAsd + Aliep Al B/6w 0L (8L (8L (%00L) Hoyod ‘lendsoy (el [62]
-0inau jo Aleneg syjuow g| pue ‘g ‘s ‘L —-/'0 g uoueloydwy 40 8/) %00L (8)ge o 8h) %9 8/ sibuluaw [2000901dAID aAI308ds0.d -1eje. ‘'epuebn 102 ‘uos|ie)
popioday dn-mojjo4 uswiboy Juswieal| (N/Y) % «(as) (N/U) yeeg+ adA[ siubulua|y odA| Apnig (S)ieOA [ERIEIETEN)|
Sa8INses|n SwWodINQ ‘snie1s AlH uealA ‘sieaj ul aby QBN % aejenbsg 1oy ‘Bumes ‘Aiuno) 1B3A UOIIBIIIgNd
‘uonnguisiq passassy ‘Jloyiny
X3S jusned

panunuo) °za|qeL

8 « OFID « Goldberg et al



(951 40

1) %6 Asjed enseu

[BIUBIO (GG JO LL) %LL
Juswiieduwl| UoNeUIPI00)

(Lol 4o
€) %¢ As|ed eAlau [eiuei)

(6€ 40 2) %G obe
-uwep [eo1B0ojoINau [enpisay

(509 40
8L) %Gl squi Jaddn
10 eixa|yelladAy {(G0G
10 0) %0 SnjeydeooipAy

(£93041)

%2 OBIBA (%9 So|q

-noJ} [eo1BojoyoAsd (/9

10 12) % L€ 8yoepesy
(G940 ¥2) % LE BIUBYISY

pauodal ae|jenbas Aue
pey D dnoibouss sipr
-ybuiusw [ POULILUOD
UM (9Z1 40 BL) %Gl
Buipnjoul ‘syusied bul

818N8S-01-818
-lspouwl (961 Jo
€) %¢ ‘108jep
JojoW pjiw ses)
1B (9G1 4O 1Z) %EL

8loAes-01-818
-Japow (991 40 §) %€
‘AUe (9G| JO £2) %L1

(uonoajul
sipRIBuIuBW N YHM
sjualed ul ||e) sisal
-ediwey (£9€40 €) %L

eifo|diway (191
J0 ) %C

yibuaiis Jojow
pasea.o9p (G0G
J0€) %L

Juswieduw
snuoy 1o Bul
-llem (G9 40 8) %l

SOU0}Sa|IW
10 ss0| 4o Ayoedeoul
[eIUBW Jud)sIsiad pey
usboyied pswiipuod

$e8p (GLE 40

1) %¢ ‘sso| bui

-leay Aue (G/&
1091) %t

punojoid

-0}-918A8S (GG |

J09) %¥

!sso| Bulieay

[eIN8UIIOSUSS
Aue (g5l 10 6) %9

sso| Buueay

819A3S (/98
10 6) %€

jeep (191
10€) %C

sso| Buuesy
91aAsS (961 4O
8) %¢ ‘ssoj bul
-leay Aue (961

40 2€) %9

$88p (1L 40 7) %€
sso| Buleay
9I8A3S (/9 JO
L) %0l ‘SsO|
Buleay Aue (£9

10 17) % L€

SSO|
Buleay Aue
pey usboyied
pawLIu0d Aue
siuaned Jo (9z1

VIN
EIEN
-9s-0}-91el9powl (20l
JO 9) %9 SSO| [eNSIA
Aue (z0l J0 £7) %ET VIN
[dnoib

piolels ul a1el
Aljele) eseo
1emol] (62

4029) %L

(¥0T 40 EV) % LT

(97 40 9) %EL

VIN
(EL340°€) %E

VIN
0 dnoiboies
sipribuiusw
N PawlIuod
yum siusned
40 (681 40 €7)
%2l ‘SUSIA
auwoy Yim
spjoyasnoy
wened Jo (69¢

sipiubuiusw N

Sipbuiusw

(%29) sipb
-ulusw [ Awuolejn
sipabuluew

N Apsoin

Sipbuiusw N

Sipiubuiusw N
sipnibulusw N

(%V6)
sipBuusW N

(H0d

aAIlsod Yim
so|dwes 43D Jo
%16) peyiusp!
uaboyied Atew

SypuoW 9x
AlyiuoN

SLuoW z1-9

SypuoW 9x
Alupuoly

|endsoy-u|

|endsoy-u|

SieaA g
|endsoy-u|

shep 171-05
abuey

snibuiuew
Jeye
Syiuow 6-g'¢

sibulus| eeiuownsud sno20203de.1S

(911661 ‘qiqeH

[6Y] 8861 ‘YHWS

[81] 6861 ‘sibin

[8¥] Z661 ‘opexed
(2]
8661 ‘UewAsH

VA7)
100z ‘uosBpoH

[0Z] 200z 'lPAeS

[9v] €L0Z 108nf

-NIAINS 4O (G0€ 40 €€) % LL Aue yum (9z1 o ) %E J0Gl) %Cl JO¥9) %LL  -udsipnibuluew - uonenjers s|BuIS [Gy] 9L0T ‘UOIIP0D
sibuluew
sipnibulusL
EIEESEN
(N/U) $8WO02INQ 18I0 % (N/Y) »(N/U) Holye Qg J0I0IN % (N/u) uonounysAQ (N/Y) (N/U) 1o48Q [BNSIN% (N/Y) peld % paipnms pouad dn-Mmojjo4  [9ouaiajey] Jeax
Joplosiq 9inzIeS % SAIIUB000INSN % 1oieg BulesH % (s)ueBoyied uonealgnd ‘Ioyiny

$3]91My papn|auj woi4 suoneaijdwo jeaibojoinay pue yyeaq Buipnjoul synsay g ajqel

Neurological Sequelae of Adult Meningitis in Africa: A Systematic Literature Review « OFID « 9



syuow g

‘syluow 9
sisesediway (0 JuswLiedw sso| bul s1S0[N2Jeqn} ‘S)eem g\
107) %L aAMIUBO (0E JO 9) %0z €8y (0E 4O L) %E (V€40 1) %L winie1oeqooAN pue ‘g ‘v ‘'z [e€l €10C ‘sietelN
sibulus|n g1
(£9 40 G)
% /. SN|eyded0olipAy (/9 eibo|diwey (/9 sso| Bul Aydose oe( [£L]
40 1) %1 ebewep |eigaia) (£940G) %L 10G) %L -lesy (£9 40 ¥) %9 ondo (£9 40 9) %6 (96 40 8Z) %6¢ aAnebau-weln [evdsoy-uj 110Z ‘pewwe
9100s SOH
AQ AljIgeSIp 819A8S YlMm
SIOAIAINS (L] 4O G) %GY
pue ‘snjeydaoolpAy (||
4O 1) %6 Wnsul uteiq
olwyds! (L 40 9) %S
‘As|ed aAJau [elURID (||
JO |) %6 smbuiusw
snojnatagny 'SO9 SUIBWOP SINM
AQ AlljigesIp a19n8S ul Jusuiedw % vG-g|
YLIM SIOAIAINS (0E pue ISIAIN Ag 1usw siBuluaw
10 €1) %EY pue ep -lledwil 819A8S (|| JO €) |elie10eq
-Iosip yoaads (Og JO % ¢ shbulusw snojnd YHM (G 40 G1)
1) %€ ‘1Nnsul uleiq -1agn} ‘sulewop SINA %€EE pue siib siiBuluew
olWBYds! (OE 40 0L) ul Juswuiedwl % /4-0g -uluswW snojnd snojnalagny pue
%geg ‘Asjed anlau sainzias pue ISINN Ag 1usw -18gnk Yyum (9L sueboyied sinib
[BIUBIO (O€ 40 /) %ET YHM (0€ 40 1) %€ -lledwl 818185 (0€ 40 ) 40 G) %l€ -ulusw |els1oeq
siibulusw |ensloeg shibulusw [eleioeg %€L shbulusw |eleloeg (19140 02) %ee PaWIUOD XIN |endsoy-u|  [8z] GL0Z ApuID-I3
siibulus| [eus1oeg JaylQ
91e|0SI UOWWOD
(640 €) %EE Ul 1S0W (%62)
oejanbas |eoibojoinau Auy (¥Z 10 Gl) %29 seiuownaud § |endsoy-uj [£2] ¥661 ‘Pio4
ssoj Bu (%S9) eejuow 1921 6661
-1esy (0L 40 7) %€ (G840 Gl) %LL  -neud s Awoley [eNdSOy-U|  ‘NOWNOYN-8WOXO
sso| Bulesy
alonss (Gl sejuownsud
J012) %Cl S uanoid (z/¢
‘sso| Buliesy 10 0vl)
Aue (g61 %G ‘(657 (%98) euow [€2] L00T
(202 40 01) %S Alligeq (20240 2) %L (20Z 40 £1) %8 (z0Z 40 €1) %9 40 99) %¥E pullg (20T 40 £) %€ J0672) %¥s  -neud g Aoleln shep O ‘ybno.ogiess
(cz409) Allwanxe Jo 1o1jep (%00L)
%€¢ As|ed antau [eues) 1030W (2T 40 /) %TE $89p (2Z 40 1) %¥ (€4 40 1G) %0L seluownaud § |eudsoy-u|  [LZ] 8002 ‘eBuen
aejuownaud
S uenoud
YHm (1G 4o (paWlIlyuod
(€940 ¥l) %CT $eep (Ly 02) %6¢€ % L) eeu t44}
olels aAnelaben Jualsisied 0 ¥l) %ve '(SZL 40 19) %61 -ownaud g shep oy 1L0Z ‘zoimeninply
(N/u) $8WO02INQ 18YI0 % (N/) *(N/U) 1ol 1030\ % (N/u) uonounysAQ (N/Y) (N/U) Hoy8Q [BNSIN% (N/V) peId % palpnis poliad dN-Mmojjo4  [9ouaiaey] Jeax
18plosi 8Inziesy, aAIIuBod0INBN % 1014eQ BulleaH %, (s)usboyied uoneolignd ‘Joyiny

panunuo) g ajqer

10 « OFID « Goldberg et al



‘1 DY @Anoedsold swes ey} Woly syusied Jo S8Uu021N0 papn|ou|+

(LLL 30 £9) %8E APIs Ul AY[eHIOW YIUOW-Q |[BIOAQ L

‘A10B91e0d Ul 11o14ep Jolow palyvadsun ‘eibsdiuay ‘sisaiediwsay papn|ou|

‘980G AJoWwa|A] 18|SYOBAA ‘SIAIM ‘SIsojndlagnl ‘g |

11} P8||0JIUOD pazILIOpUR | DY ‘Uoioesl uleyo asieswAjod

'YOd ‘e|geoldde 10u /N ‘wex3 snieis [elus|A-IulA ‘JSINIA ‘eBues ajienblalul ‘YD ‘SNUIA ADUSIDIepOUNWILI UBWINY ‘A|H ‘9]EOS 8wW02IN0 MobBse| ‘SO9 ‘uoissalideq selpnis dibojolwepid] 10} Jelus) ‘g-S3D pINj [euldsoigeled 4SD SUolelineIgay

(¢9 40
1) %Ll sywuow z|

1€ 310Mm 01 Alljiqeu)
sypuow g 1e Ayl
-[I0esIp 819A8sS YUIM (1|
40 CL) %0l pue sjeip
-owla1ul YIM (1L JO
7€) %0€ $488M QL

YHM (£Z1 40 92) %0T
pue 8}eIPOWIBIUI YHM

SIONIAINS (£Z1 40 9F) %9E

(Ajennoadsal

‘[£1-G "HOIl 6 pue
[0€-9L "HOI] €T 81008
d-S30 uelpaw) snibul
-UaW INOYIM S|0JJU0D
Pa1OBJUIAIH UL}
uoissaidap Jo salel

91003 159]
|BIUS|A| PolRINSICAY dn-mojjo} 01
pue 9100S 8|e0S UjueY 1s0| sjueied
paijipow Aq Aljiqesip 1 [euonIppe S EEN
1ueoIUBIS pey s3eeam ‘syuow g 26 'Seem
G 1€ pa1sal (9 40 0) %0 18 (09 40 €Y) %CL suewlojosu 0L 's¥eem v [pZ] €102 ‘ayioy
syuow g1

18 (19 40 97) % L¥ pue
‘syiuow 9 1e (g9 4o ¢€)
% LY 'Syiuow ¢ 1e (69

10 L) %6G 'Yruow |

18 |- > 91008z 8lisod syiuow zi 1 [62]
-W0D YUM (8L 4O 69) %68 H8L 10 6) %zl SUBLLIOj0BU ) pue ‘g e | 10z "uosiie)
Syeem syiuow 9

0L 1 Alnoe [ensiA 1e (92C Syjuow 9 [o€]
pesesloep (£l 40 G) %1 10 601) %81 suewuojosu )  puesyeemol 910z ‘Aejspieag
(uone|ndod

uepueBn aAneboau-A|H
‘pa1snipe-uoneanps
pue -ebe 1suiebe paous
-19481) 77 Z— 91008-Z
8-DdND uesw ‘snibul
-UsW INOYIIM S|0JIU0D
PSIOBJUIAIH 40 %99
yum patedwoo (lep
-I0sIp & Hoooinau
paieioosse-A|H 8|qissod
JO SAIRDIPUI) QLS 81098

Jaybiy {(0£-0S 'HOI) 09 8|edg enuswad AlH suew.ojosu sisoubelp +[zel L10T
9100S Adsjouley| UBIPSIA| |euoileUIBIU| YUM %76 V/N $N200001dAI)  AIH Jele yiuow | ‘AJowioBlUoN
sibulusp
12200901dAID
(£9€ 40 0€) %8
snjeydedolpAy ((£9€ Jo sieaA g
0€) %8 sebueyo snpuny ybnoiyy
“(£9€ 40 02) %S Asjed eibs|diway Algauow uayy
OAlaU [elUeID {(£O€ JO /sisasediway (£9€ Syjuow 9x
L) %€ Aydone |eigaia) 40 02) %SG (LG8 40 061) %LG sisojnoseqni N Apjeam aouQ [611866L 'sibliD
(N/U) s8W00INQ J8YI0 % (N/W) *(N/U) 1018 J0I0N % (N/u) uonounysAq (N/U) (N/U) woyeq [ensin% (N/U) pPeld% psipnis poliad dn-Mojjo4  [9ouaIBjeY] Jesy
1aplosiq 8Inzias %, BAIIIUB020INAN % Holeq BulleaH % (s)uaboyied uoledl|gnd Ioyiny

panupuo) g ajqel

Neurological Sequelae of Adult Meningitis in Africa: A Systematic Literature Review « OFID « 11



which a further 943 articles were excluded for not including
data on neurological outcomes. In articles that did not include
abstracts, we reviewed full-text articles. Three additional review
articles were identified, and relevant references from these
reviews were included in the final article list [8, 14, 15]. Full
text of the remaining 380 articles was obtained and each article
was reviewed. Of these, 22 met all inclusion criteria and were
included in the final review.

Articles in the Review

We identified 22 articles meeting inclusion criteria with 12
African countries represented (Figure 2). In all but 1 study,
patients were treated for meningitis in hospital settings, with
treatment provided at referral centers in 17 studies. The only
or predominate cause of meningitis was nontuberculous bac-
terial in 16 studies, Mycobacterium tuberculosis in 2 studies, and
Cryptococcus in 4 studies.

Four studies were published at a single referral hospital/US
Navy research unit in Egypt [16-19] and 2 at a single referral
hospital in Senegal [20, 21], both countries with a low HIV prev-
alence. Three studies were published from a single large referral
hospital in Malawi with predominately HIV-infected patients
(84%-100% HIV prevalence) [22-24]. Follow-up duration was
variable: 8 of the 22 studies presented only in-hospital neurolog-
ical sequelae of survivors, and follow-up for the remaining 14
studies ranged from 1 month to 2 years. Twelve articles were pro-
spective cohort studies, 5 were retrospective cohort studies, and 5
were prospective randomized-controlled trials (RCTs) [Table 2].

Neisseria meningitidis Meningitis
Neisseria meningitidis was the principle pathogen identified in 9
bacterial studies with 2718 patients. Neisseria meningitidis was
the only pathogen isolated from 6 studies. Penicillin or ampi-
cillin and/or chloramphenicol were used to treat patients in
most studies. Only 1 study [25] gave any information on HIV
serostatus and reported low prevalence. Follow-up ranged from
in-hospital to a 2-year follow-up of survivors. Males constituted
56% (1529 of 2718) of patients (Table 2).

Ascertainment of adult outcomes was imperfect because most
(8 of 9) studies included both adult and pediatric patients with-
out separation by age category. Mortality data were included in
5 studies and ranged from 3% to 21% (median 13%). In men-
ingitis survivors, hearing loss (8 studies) and motor deficits (5
studies) were the most commonly reported neurological seque-
lae. Any hearing loss was found in 2%-31% of patients (median
5%) with severe/profound hearing loss reported in 2%-10%
of patients (median 3%). Motor deficits were variably defined
and ranged from 1% to 13% (median 2%) in 5 studies with
moderate-to-severe disability (eg, hemiplegia/hemiparesis) in
1%-2% (median 2%) from 3 studies. One study reported 6%
of patients with moderate-to-severe visual loss and 3% with
moderate-to-severe neurocognitive deficit at evaluation 6 to
12 months after the meningitis episode (Table 3).

Steptococcus pneumoniae and Other Bacterial Meningitides

Five studies including 772 patients reported on neurological
outcomes with Streptococcus pneumoniae as the single or most
commonly confirmed pathogen. Streptococcus pneumoniae was
the only pathogen in 1 study [21], was identified in 65% of cases
in 1 study limited to microbiologically confirmed cases [26],
and was isolated in 29%-56% of cases from 3 studies with a large
percentage of cases diagnosed by CSF cellular profile [22, 23,
27]. Treatment differed between studies, and adjunctive dexa-
methasone was used for a subgroup of patients in only 2 studies
[23, 26]. Human immunodeficiency virus prevalence was high
across studies, between 12% and 90%. Follow-up ranged from
in-hospital to 40 days. Males constituted 53% (400 of 751) of
cases (Table 2).

Two prospective RCTs from Malawi of primarily HIV-infected
adult patients were high quality with the remaining studies of rel-
atively poor quality [22, 23]. Reported case-fatality rate ranged
from 17% to 70% (median 54%). In the 2 Malawian prospective
RCTs with mostly HIV-infected adults, mortality ranged from
49% to 54% overall and 39% to 51% in cases of proven pneumo-
coccal meningitis, all managed with ceftriaxone (+dexametha-
sone). Hearing loss was reported to affect 3%-34% (median
19%) of patients in 4 studies, with severe/profound hearing loss
reported in 4%-34% (median 12%) of patients in 3 studies. Motor
deficits were reported at 8%-32% in 2 studies, with no other out-
come documented in more than a single study (Table 3).

The 2 Malawian studies with predominately HIV-infected
patients reported high rates of neurological sequelae in survi-
vors [22, 23]. In Ajdukiewicz et al [22], 22% (14 of 63) survivors,
with or without pneumococcal disease, remained in a persis-
tent vegetative state (Glasgow Outcome Score 2) at 40 days. In
Scarborough et al [23], 23% (47 of 202) of 40-day survivors and
29% (38 of 130) of those with proven pneumococcal meningitis
had 1 or more neurological sequelae (blindness, debility, com-
plete deafness, intellectual impairment, paresis, or recurrent
seizures).

One retrospective cohort study from Egypt evaluated neu-
rological sequelae in 95 patients with microbiologically con-
firmed, Gram-negative, bacillary meningitis [17]. This study
included both adults and children and did not include data on
HIV status. The case-fatality rate was 29% (28 of 95), and the
rate of pooled in-hospital sequelae (cerebral damage, hearing
loss, hemiplegia, hydrocephalus, optic atrophy, and/or seizure
disorder) in survivors was 39% (26 of 67). Six percent (4 of
67) of survivors had hearing loss, 7% (5 of 67) had hemiplegia,
7% (5 of 67) had seizure disorder, and 9% (6 of 67) had optic
atrophy. Another study from Egypt included patients with a mix
of microbiologically confirmed bacterial meningitis and tuber-
culous meningitis [28]. At hospital discharge, 43% (13 of 30) of
survivors with bacterial meningitis and 45% (5 of 11) with
tuberculous meningitis had severe disability determined by
Glasgow Outcomes Scale score.
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Cryptococcal Meningitis

Four articles evaluated neurological sequelae of HIV-infected
adult patients with cryptococcal meningitis [24, 29-31]. One
good-quality study from Uganda reported global neurocogni-
tive dysfunction, defined as mean composite score of multi-
domain neurocognitive testing at least 1 standard deviation
below that of HIV-uninfected Ugandans (z-score < —1), seri-
ally over 1 year in cryptococcal meningitis survivors who
received amphotericin-based induction therapy. At 1 month,
89% (69 of 78) of survivors had impaired neurocognitive func-
tion. This improved to 41% (26 of 64) at 1 year [29]. Meningitis
survivors had only slightly higher disability compared with
HIV-infected Ugandans without a prior history of neurolog-
ical infection. The case-fatality rate for patients who lived to
1 month was 12% (9 of 78) at 1 year; 5 of those patients died
before a 1-month follow up, and 3 patients died before the
6-month follow up. A second study from the same prospective

RCT reported additional 1-month neurocognitive outcomes
[32]. At 1 month, 92% of survivors had an International HIV
Dementia Scale score <10, suggesting possible HIV-associated
neurocognitive disorder. Six-month neurocognitive outcomes
from another quality large prospective RCT found that 20%
of survivors had severe disability at 10 weeks and 10% at
6 months, defined as answering yes to the question “Does the
patient require help from anybody for everyday activities?”
or with a Modified Rankin Scale score of 23 (symptoms that
restrict lifestyle and prevent totally independent living) [30].
Of note, this study included patients from countries in both
Africa (Malawi and Uganda) and Asian countries, but neu-
rocognitive outcomes were not disaggregated by country. We
also excluded patients receiving experimental dexamethasone
therapy, which was associated with higher rates of mortal-
ity and other adverse outcomes and is not part of the usual
treatment.
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Tuberculosis Meningitis

We included 2 articles with 891 patients with sequelae data
for tuberculosis meningitis. One high-quality but small study
with 34 antiretroviral therapy (ART)-naive HIV-infected adults
with tuberculous meningitis (confirmed or suspected) evalu-
ated patients for tuberculosis-associated immune reconstitu-
tion inflammatory syndrome (TB-IRIS) after ART initiation.
The case-fatality rate was 12% (4 of 34) at 9 months, with all
deaths occurring in patients with TB-IRIS at time points of 33,
53, 60, and 118 days after tuberculous meningitis diagnosis. Of
9-month survivors, 20% (6 of 30) had marked disability: 20% (6
of 30) cognitive impairment (5 of 6 marked impairment defined
as HIV dementia scale score <10), 7% (2 of 30) hemiparesis, and
3% (1 of 30) hearing loss [33]. A second study from a referral
hospital in Egypt reported outcomes in a large cohort of patients
treated for tuberculous meningitis over 2 decades (1976-1996)
[19]. This study included adults and children together, and
no patients were known to be HIV-infected. Patients received
3-drug antituberculous therapy for 2 years, during which
period they were serially assessed for neurological sequelae. In
total, 57% (490 of 857) of patients died and 30% (111 of 367) of
patients survived with severe neurological sequelae (including
cranial nerve palsy 5% [20 of 367], hemiparesis-paraplegia 5%
[20 of 367], and hydrocephalus 8% [30 of 367]).

DISCUSSION

In our systematic review of neurological sequelae of adult men-
ingitis in Africa, we identified 22 articles with neurological
sequelae outcome data in meningitis survivors. This included
12 studies in counties with high HIV prevalence. These studies,
published over a more than 35-year period, provide limited data
showing high rates of postmeningitis disability in adult men-
ingitis survivors from resource-limited settings, particularly
in those with HIV coinfection. More importantly, they reveal
the paucity of high-quality data regarding the frequency and
spectrum of neurological sequelae after adult meningitis from
prospective studies, and they provide insight into gaps in our
current understanding of long-term disability of adult meningi-
tis survivors. Accurate data regarding the long-term outcomes
in adult meningitis survivors are essential for accurate estimates
of disease burden and, given the frequency of adult meningitis
in Africa, have broad public health and economic implications.

Our review highlights that little is known about long-term
neurological sequelae in survivors of HIV-associated crypto-
coccal meningitis and tuberculous meningitis, 2 of the principle
causes of adult meningitis in sub-Saharan Africa. Two articles
included Ugandan patients from a single prospective RCT
[29, 32]. As in prior studies in the region, acute mortality was
high at 38% by 26 weeks of follow up [4, 34-38]. These studies
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found significant impairment in the early weeks after incident
cryptococcal meningitis, with Montgomery et al [32] reporting
92% of survivors with an International AIDS Dementia Scale
score suggestive of neurocognitive impairment, compared with
66% of HIV-infected controls without meningitis. With longer
follow-up, Carlson et al [29] reported persistent neurocogni-
tive deficits in approximately half of survivors at 1 year. The
relationship between this long-term neurocognitive impair-
ment and cryptococcal meningitis remains unclear. Although
cryptococcal meningitis survivors also showed worse neuro-
cognitive function compared with HIV-infected Ugandans,
these differences were small by 1 year of follow-up, and the con-
trol patients generally had less advanced HIV disease (mostly
stage 1T and III) [29]. Neurocognitive deficits may have been
a consequence of meningitis and/or other contributing fac-
tors, such as HIV-associated neurocognitive disorder [39, 40].
The choice of comparator also limits inferential reasoning and
could be strengthened in this and other studies evaluating neu-
rocognitive domains with alternative comparator groups, such
as HIV-infected populations started early on ART. A second
multicountry prospective RCT conducted in African and Asian
countries found that 20% and 10% of survivors reported requir-
ing help with everyday activities at 10 weeks and 6 months,
respectively [30]. Taken together, these data suggest signifi-
cant impairment early after incident cryptococcal meningitis,
a period during which adherence to ART and continuation of
fluconazole maintenance therapy are critical to prevent crypto-
coccal meningitis relapse and for overall survival.

Five studies described neurological sequelae in adult menin-
gitis with S pneumoniae, the most common cause of bacterial
meningitis in HIV-infected adults, as the predominate patho-
gen [2, 41]. Two of these studies [22, 23], both from Malawi,
consisted largely of HIV-infected adults and found approxi-
mately half of patients died of meningitis with one quarter of
survivors left with severe disability, such as with persistent veg-
etative states or hemiparesis. These adverse outcomes are sig-
nificantly higher than rates of death and disability reported in
resource-rich countries with low HIV prevalence, but they are
more reflective of African pediatric populations [8, 14]. These
data also likely underestimated the impact of pneumococcal
meningitis in HIV-infected African cohorts because patients
were enrolled in controlled clinical trials at a large referral
hospital and given highly effective antibiotic therapy with cef-
triaxone. Because follow up was limited to 40 days, they may
also have underestimated delayed outcomes such as epilepsy
[42]. Unfortunately, in Africa, pneumococcal vaccination has
demonstrated mixed efficacy for reducing invasive pneumococ-
cal disease, and dexamethasone therapy has not been associated
with lower mortality or neurological sequelae in HIV-infected
adults [23, 43, 44]. The best method for reduction in risk of
incident disease and associated neurological sequelae is early

HIV recognition and initiation of ART coupled with timely and
appropriate antibiotic therapy [41].

Our review has several important limitations. First, case
definitions, outcome measures, and means of assessment were
highly variable between studies. A lack of validated neurocog-
nitive and limited neurological function assessments created
very heterogeneous data and prevented formal meta-analy-
sis. Second, follow-up periods differed considerably with only
approximately half of studies reporting outcomes after hospital
discharge to characterize clinical evolution of disease. Third,
because there were few studies evaluating outcomes in crypto-
coccal and tuberculous meningitis, no firm conclusions could
be drawn about neurological outcomes in survivors but rather
emphasizes the need for future studies, especially prospective
cohort studies, to include multidomain measures of neuro-
logical outcomes of disease. Finally, for most studies involving
meningococcal meningitis, neurological sequelae of pediatric
and adult cases were not reported separately, which limited
our ability to make firm conclusions about adult outcomes. In
this mixed population, however, death and disability was sig-
nificantly lower than in cases of pneumococcal meningitis, as
reported elsewhere [14].

CONCLUSIONS

In conclusion, although settings with high HIV prevalence in
Africa have both a high incidence of meningitis and early mor-
tality, long-term sequelae in adult survivors remains poorly
characterized. Limited data suggest high rates of neurological dis-
ability associated with HIV-related pneumococcal and TB men-
ingitis. Little is known about neurological sequelae in survivors
of HIV-associated cryptococcal meningitis, although studies sug-
gest extremely high prevalence of neurocognitive and functional
impairment in the early weeks after incident disease. Furthermore,
long-term multidomain testing of neurological outcomes for sur-
vivors of HIV-associated cryptococcal meningitis and TB menin-
gitis is warranted. Tools need to be chosen carefully and consider
challenges with repeat testing, such as risk of learner bias.

There is a need for improved understanding of neurological
sequelae of adult meningitis in Africa. Pneumococcal meningi-
tis in the setting of high HIV prevalence confers a high risk of
both death and severe neurological sequelae in survivors. Little
is published on sequelae from HIV-associated cryptococcal or
tuberculous meningitis, highlighting an urgent need to more
accurately define outcomes of survivors in future studies.
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