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Serious Neurological Adverse Events after lvermectin—Do They Occur beyond the
Indication of Onchocerciasis?

Rebecca E. Chandler*
Uppsala Monitoring Centre, Uppsala, Sweden

Abstract. Serious neurological adverse events have been reported from large scale community-based ivermectin
treatment campaigns against Onchocerciasis volvulus in Africa. The mechanism of these events has been debated in the
literature, largely focusing on the role of concomitant infection with Loa loa versus the presence of mdr-1 gene variants in
humans allowing ivermectin penetration into the central nervous system. A case series of serious neurological ad-
verse events occurring with the use of ivermectin outside of the onchocerciasis indication has been identified in
VigiBase, an international database of suspected adverse drug reactions. Forty-eight cases have been reported from
multiple countries in which ivermectin has been prescribed for multiple indications; clinical review excluded 20 cases
with more probable explanations or other exclusion criteria. Within the remaining 28 cases, there is supportive
evidence for a causative role of ivermectin including presence of the drug in brain tissue in one case and recurrence of
symptoms on repeated exposure in three cases. This series suggests that serious neurological adverse events
observed with the use of ivermectin in the treatment of onchocerciasis may not be entirely explained by concomitant
high burden loiasis infections. By comparison with the extensive post marketing experience with ivermectin in the
successful treatment of parasitic infections, the number of reported cases suggests that such events are likely rare.
However, elucidation of individual-level risk factors could contribute to therapeutic decisions that can minimize
harms. Further investigation into the potential for drug—drug interactions and explorations of polymorphisms in the

mdr-1 gene are recommended.

INTRODUCTION

Ivermectin is a member of the class of avermectins, which
are highly active broad-spectrum, anti-parasitic agents. It is indi-
cated for use in the treatment of strongyloidiasis (Strongyloides
stercoralis) and onchocerciasis (Onchocerca volvulus)." It is
also commonly used to treat scabies, although usage patterns
for this indication vary between countries. In the scabies indici-
ation, it is approved for first-line therapy in some countries (within
Europe), second-line therapy in others (such as Australia), or only
recommended for special circumstances, such as immuno-
compromised or institutionalized patients or when topical ther-
apy has failed (the United States).>™ Furthermore, it has been
suggested for use in the treatment of head lice given the recent
increase in the burden of this condition in the developed world.®
Ivermectin is not thought to readily cross the blood-brain barrier
in humans as it is excluded by a P-glycoprotein drug pump
(mdr-1).% Therefore, it has been considered to be free of the po-
tential to cause neurological adverse drug reactions, except in
situations of overdose.”®

Serious neurological adverse events were initially reported
in public health programs in Africa to eliminate onchocerciasis
through community-based ivermectin treatment; cases of
encephalopathy and coma were reported in Cameroon and
the Democratic Republic of Congo in persons who concomi-
tantly harbored high densities of another filarial species, Loa
loa. Subsequent analyses revealed a correlation between pre-
ivermectin treatment L. Joa microfilarial density and the risk
of developing a serious neurological adverse event.®'° The
mechanism of these events has been debated in the literature,
largely focusing on the role of concomitant high burden in-
fection with L. loa versus the presence of mdr-1 gene variants

*Address correspondence to Rebecca E. Chandler, Uppsala
Monitoring Centre, Uppsala, Sweden. E-mail: rebecca.chandler@
who-umc.org

382

in humans allowing ivermectin penetration into the central
nervous system (CNS).""12

Statistical signal detection screening of the VigiBase, a
global database of individual case safety reports (reports) of
adverse events for the WHO program for Intemational Drug Mon-
itoring, is performed on a periodic basis. During a screening
designed to be sensitive to reports from Africa, Asia, Latin
America, and the Caribbean, a serious report of ataxia from the
Democratic Republic of Congo was identified which stated:
“This patient . . .realises these conditions [encephalopathy]. It
is very surprising to notice that there were no microfilariae in
the calibrated thick blood smear.” The lack of evidence of a
high density of L. loa in the blood smear appeared to challenge
the literature on serious neurological adverse events after
ivermectin, and it therefore triggered a review of all reports of
such events for ivermectin beyond the indication of use for
onchocerciasis.

METHODS

The data source was VigiBase, a computerized pharma-
covigilance system in which reports describing adverse
events are recorded in a structured, hierarchical form. Reports
are received from national pharmacovigilance centers in the
125 countries participating in the WHO Program for In-
ternational Drug Monitoring."® All reports for ivermectin re-
ceived into VigiBase up to November 27, 2016, were identified
for use in this investigation. All analyses were performed on
adverse event data using the Medical Dictionary for Regula-
tory Activities (MedDRA®) System Organ Class (SOC) and
Preferred Term-level terminology.

RESULTS

A total of 1,668 reports for ivermectin were identified. The
most commonly reported adverse events for ivermectin were
pruritus (25.3%), headache (13.9%), and dizziness (7.5%).
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Under the MedDRA SOC “Neurological disorders,” there were
a total of 426 reports; 156 of these were classified as “se-
rious” according to ICH Guidance.'* Of the serious reports,
60.9% (95) originated from Africa, 20.5% (32) from the
Americas, 12.2% (19) from Europe, and 6.4 % (10) from Asia.
One duplicate report was identified and excluded from the
analysis.

Sixty-four of the 155 serious reports described the use of
ivermectin for O. volvulus. Forty-two reports did not include
an indication; one reported only “infection parasitic.” The
remaining 48 reports underwent clinical review, and twenty
reports were further excluded from this analysis. Reasons for
exclusion were neurological adverse events reported in the
context of other clinical syndromes (lactic acidosis/circulatory
collapse, cerebral infarction/cerebral artery embolism, neu-
roleptic malignant syndrome, hepatitis/hepatic failure, brain
cancer, pneumonia with hypotension, accidental exposure to
product, sepsis complicating chemotherapy, multi-organ
failure, history of epilepsy, and Alzheimer’s disease), topical
ivermectin for rosacea, prolonged time to onset of events in
comparison with the known half-life of ivermectin (14 days
and 8 years), and unclear onset of symptoms in relation to
ivermectin.

The remaining 28 reports are included in this case series
(Table 1). The cases were received from the United States,
France, Japan, the Netherlands, Germany, Canada, and Sierra
Leone. The patient ages were included in 25 reports and
ranged from 11 to 97 years. Fourteen reports described ad-
verse events in males, 13 in females, and the gender was not
provided in one report. Scabies was included as an indication
in 10 reports, acarodermatitis (within the MedDRA terminol-
ogy, acarodermatitis may be used to indicate any of the fol-
lowing terms: acarodermatitis, Norwegian scabies, Sarcoptes
scabeii infestation, scabies, and scabies infestation) in eight,
filariasis due to Wucheria bancrofti in five, strongyloidiasis in
three, teniasis in one, and myiasis in one. The time to onset of
the serious neurological events ranged from hours to 7 days,
with 14 cases noting a time to onset of 1 day or less. Examples
of serious neurological adverse events reported included
such terms as unable to walk, consciousness disturbed or
depressed level of consciousness or loss of consciousness,
seizure or convulsion, encephalopathy or coma, and tremor.
The reported dosages of ivermectin ranged between 3 and
24 mg. Most of the cases reported a one-time dose or two
doses separated by 1 week. Weight information was provided
for most of the cases, and there was no suggestion of over-
dose based on the data provided. Nine reports documented a
positive dechallenge, with resolution of symptoms after dis-
continuing ivermectin without further intervention. Three re-
ports documented a positive rechallenge, with recurrence of
symptoms with re-exposure to ivermectin, including one case
with repeated symptoms on three separate treatment courses
with ivermectin. Concomitant medications were reported in
20 cases. In nine of the cases, the drugs co-administered
with ivermectin were also reported to be “suspected” for the
described adverse drug reactions, including oxatomide, piper-
onyl butoxide/esdepallethrime (topical), darunavir and ritonavir,
terbinafine, and albendazole. Eight cases reported concomitant
drugs with known CNS effects, including antidepressants, anti-
psychotics, benzodiazepines, and anticonvulsants; however, in
none of these cases were the concomitant CNS-acting agents
considered to be “suspected.”

Two patients had a fatal outcome reported. One died of
asphyxia 5 days after a dose of ivermectin (case 16). The other
fatal case has been previously published and documented the
presence of ivermectin in brain tissue: “A 64-year-old male
with a past medical history of giant cell arteritis, treated with
prednisone developed sepsis, complicated by multisystem
organ failure, after an aortic valve replacement. Sputum cul-
ture revealed S. stercoralis. A diagnosis of S. stercoralis
hyperinfection syndrome was made; he was initiated on iver-
mectin 12 mg every 48 hours. He received three oral doses
followed by two subcutaneous doses. In spite of clinical and
microbiological improvement, the patient remained in a veg-
etative state and died on day 25. Autopsy revealed an elevated
level of ivermectin in the brain tissue, 14 days after the last
dose”'® (case 19).

DISCUSSION

From a global database of suspected adverse drug reac-
tions we have identified a case series describing serious
neurological adverse events with the use of ivermectin beyond
its indication for O. volvulus. Supportive evidence for a caus-
ative role of ivermectin was found with the identification of
ivermectin in brain tissue in one case and recurrence of
symptoms on repeated exposure to ivermectin in three cases.
This case series suggests that the serious neurological ad-
verse events observed with the use of ivermectin in the
treatment of onchocerciasis cannot be entirely explained by
concomitant high burden loiasis infections.

Ivermectin exhibits poor penetration of the blood-brain
barrier of vertebrate animals due to the presence of a drug-
transporting p-glycoprotein.® However, studies in knockout
mice for the p-glycoprotein encoding gene, mdr-1, displayed
levels of ivermectin in the brain which were 90-fold greater
than normal mice.'® Furthermore, it is well established in the
veterinary world that certain breeds of dogs, such as collies,
are sensitive to the neurotoxic effects of ivermectin as aloss of
function in the mdr-1 gene in these breeds allows for an ac-
cumulation of ivermectin within the brain.’” Symptoms of
neurotoxicity include lethargy, drooling, tremors/seizures, in-
ability to stand, disorientation, and coma.

Serious neurological events in humans, such as encepha-
lopathy, confusion, stupor, or coma, after ivermectin were
initially observed in campaigns to treat O. volvulus in African
countries. Co-infection with L. Joa was found to be arisk factor
for the development of these reactions, and the product label
recommends posttreatment follow up for patients who have
been in L. loa endemic areas of West and Central Africa.®'°
Furthermore, there have also been published concerns raised
regarding the safety of use of ivermectin in the treatment of
elderly patients with scabies.’®'® A study investigating es-
calating high doses of ivermectin in healthy adults was per-
formed to explore the safety of its use in the treatment of head
lice. The authors documented no evidence of CNS toxicity in
doses up to 10 times the highest FDA-approved dose of
200 pg/kg. However, the study population was limited to a
total of 68 subjects, almost 90% of which were of Hispanic
origin.2° Drug safety surveillance for idiosyncratic reactions
has been recommended.®

The product label for ivermectin notes that the neurological
events of dizziness (2.8%), somnolence (0.9%), vertigo (0.9%),
and tremor (0.9%) were observed in human clinical trials for the



CHANDLER

384

(panunuog)

‘lewlou ueos
pesH “Joud sAep g Jineuoil pue
Joud syjuow g| JiAneunsep pauels
peY Jusiied 'sBnIp ¢ |[e yum

abus|leyosp aA1}ISOd ‘PaIan08aYy
Yeads
0} 8|gBuUN SEAA "SaINUIW 0H-0g
paise "apixoing |Auociedid [eoidoy
pUE UI108WIBAI JO 8SOP Yoes Jaye

Pa4in220 swoldwAS ‘paionodsy

abus|leyosp BA1ISOd "PIaA008Y

'sinoy g
ul paJanooay abusjieyosp
BAINSOd . M[EM 01 8|geun
Bureq jo wiod sy 03 ssauizzip
pue ayoepesay padojansp jusijed,,
‘aseasIp
[eoibojounau jo Aioisiy snoinaid
ON 19 [ew.Jou ‘wexa [esibojoinau
[BWION "82UBUlUodUl
Areuun ‘Buing anbuoy Jo
92UBpIAS ON "uled 0} seAs pauado
‘@yeme 1nq Ades9|S ‘[eudsoy
0} }UaS "|[e} pue anbije} ‘ayoepesy
yum pajuasaid jusiied "paianodsy
‘anebau
wexa [eolbojoinap ‘€| 8|eds
BUWOD MOBSE|Y) ‘a1els [BuoiSnjuod
UHM PaJUasald "UIOSWIBAI
Jaye 1sed ay} Ul 821Mm} papodal
swoldwAs Je|iwIS ‘paionodsy
"anijebou
salbojoias pue sainyna adiyny
‘anijebau pue pswiopad |e [N
pue ‘D33 ‘d 10840 INOYNIM USAIB
BUOXO[BN '6 8[eds Bwod mobse|n
‘elwaeoA|6odAy Jo Jansy Jo
9OUBPIAS JNOYHM ‘SSBUSNOIOSUOD
JO [oA8] passaidap yum psjuasald
"abus|ieyosp an1ISOd "PaIan0aY

O1e)
auopuadsi ‘euizAxoipAy

‘arewidol ‘jopuadofey
‘wedazelo| ‘euopezel}
‘sulpniuewe ‘suipiiuey 0L

$S8USNOIOSUOOUN
- ‘91e1S [BUOISNJUOD

Kep | pazijelsualb suois|NAUOD (S yi0Q) JIABUOW “dIABUNIEQ GO

eisayiseeied
- ‘eisayisorodAy ‘ssaueam ajosn|p

s||Iyo ‘s10bu ‘Jowaiy ‘sisasedouow
‘lewiouge Bulluo ‘ssauizziq

Jamo| uted |eujwiopge ‘ssauiip
[esoonw ‘sjjads Azzip ‘dowai ] - 601

(S) (reoidoy) swiyie|ledepse
/epxoing [Auosedid 89

(S) (reoidoy) swiyie|iedepse

sinoy 0} /apixoing |Auosadid -

sinoy g

[em o} 8jgeun

Aep | ‘ayoepeay ‘ssaupapeayiybi - 6.

|les ‘enbiyey ‘eibeydad

Kep 0 JOPJOSIP SAIS|NAUOD ‘UOISNJUOD (S) epiwioexp -

sisewe ‘esielew

Aep | ‘elsauwe ‘ajels [euoisnjuo) - -

Aep | sIsews ‘ewod ‘Ayredojeydaouy - oy

Bw zt

Bw z|

) Aep Bbw g
‘0 Aep Bw g

feppaed | dat

Bw vz

Buw gy

Bw g

Buw gy

bw g

uole]seul SeIqeos

$9I10e0S

solqeog
soIqeog

$9I10B0S

uole]sejul SeIqeos

$9I10B0S

$0I1qBe0S

$9I0e0S

N/E€

4/8¥
W/v L

d/¢e

N/8L

N/ve

N/8¢

4711

1e

4

I

Ojul [leuonippy

J9SU0 0} sl |

SWwJa} JUaAs asianpe papoday suolneo|paw ()]

(D) ueWOOUOD Jo (S) 10adsns Jsyi0

WbeM

asoqg

uoneoIpY|

Xxas/aby

asen

UOIEDIPUI SISBIDISO0YDUO B} PUOASQ UIIOBLULISAI UJIM JUSLIIES.} JOYE SJUSAS 8SIOAPE [80150j0INauU snowss Bulquosep sales asen

| 31av]



385

SERIOUS NEUROLOGICAL ADVERSE EVENTS AFTER IVERMECTIN

(panunuog)

S|aA8| UljosWIaA| “jJuswaoe|dal
9A[eA OjpOE d/s sem jusiied
‘spuaye |99 juelb Joy suosjupaid
uo jualjed uj UOJ}O8jUI SI[BI0DJ8)S

saplojfbuo.1S 10} pajeiul snoauenogns
X] "9WOJIN0 [Bye} ‘UMeIpyIM Brug - Ayo1x0304n8U ‘W0 - /6 uay} [eJo Bw g| siselplojAbuons /49 61
(O1re)
we|oz|}e ‘aulalsiooqed
osop pug ‘apIxo wnissubew ‘q
abusj|leyosp Jaye shep G pue BuIIWIOA ‘SSBUSNOIOSUOD JO SSO| + B 9pIsouuss ‘sjozeidosue| J Rep Bw g
SNIUSOd 'PoION0D8Y SSOpPIS| JoNe SABPQ  ‘SSBUSNOIOSUOD JO [9A8] passaidag ‘Oplwasodny ‘1eysoxnged /v ‘0 Aep Bw g sijewssposedy  4//6 8L
pPesea09p JUN0d (D 11e) suiwena
1182 POO|q d1YM pasealdap 1yblom ‘@ uiweyA ‘auinbolojyd0ipAy
‘lewJouqge Jopo auln ‘fewiouge ‘apIwasoiny
JOJ02 8uun ‘enbuo) usjjoms ‘ulljoIxowe ‘sjozeadosue)
‘pasealodsap JuNOI |99 POOo|q ‘aullAydupiou ‘wedszelp
paJ ‘HUOoJWOISIP [BJO ‘HOJWOISIP ‘aundolyreze ‘esoulpaid
[e19|eysojnosnw ‘Buijems di| ‘judouisi ‘jojouesdoud
‘pasealoul ajel Yesy ‘eyoepeay ‘QUIX0JAYI0A9| ‘Buopezel}
‘JopJosip Ajjnow [eunsajuloliseb ‘weoixojpw ‘euizeyiswo.d
uoisnjep ‘Buiysnyy ‘uonosyul Jes ‘esoudsAp ‘uusdeqeb ‘uesdioeujiw
paniasqo oljewos pue ‘yinow Ap ‘eloadoje ‘sadse) ‘glozeidosue|xap
108} ou ‘umelpyum Bnig eiseyde Joy shep G—g [ewJoude uoisnjep oljewos ‘eiseydy Q) euyeuiqis] GG Bw gl spewssposedy  4/9 /1
“Yresp
o} Joud Aep | pareniul uixobig
‘eIxAydse pue ssausnolosuod uondnis upjs ‘pareaelbbe (D I1e) euuss ‘epixo
10 |9A9| passaIdap JO Sjuans snyunud ‘eixAydse ‘Buiiuon wnissubew ‘uoHWe}olD ) Rep Bw g |
SU} WO} 8SOP 1Se| Joye SABP G ‘palg osOpise|JoyesAepG  ‘SSBUSNOIOSUOD JO [9AS] passaldaq ‘apidiweqgai ‘uxobig - ‘0 Aep Bw z| sijewssposedy  4/18 9|
' paroadsns,
Se papodal UljosWLIsAl
AluQ "seuroipsw papodal oy} (0 yroq)
40 Aue 1o} papinoid asn Jo sejep ON - asn |9ge| Yo ‘ainzieg wejaoeiang)| ‘pioe ojoidiep - - slyjewssposedy  —/- st
(D I1e) epidixou1 ‘wedIxoulo|
abus|ieyosp anlsod ARep 0 eIxalAd ‘Jowai | ‘sunuewsw ‘euiwbiseAly 0§ spewsspoiedy /18 vl
9]e]S |BUOISNJUOD
‘pasealoul ajel Yesy ‘eayoepeay
- - ‘easneu ‘Buljjems [BD0] ‘UOIS|NAUOD - 89 siijewseposedy  4/4S €1
(D I1e) @yesnoop ‘uneiseAwls
9ouUaLINoal ‘weoixojpw ‘ejozesdidue J Rep bw g|
abus|leyoas aAlIsod - aseas|p ‘sseupullq ‘elseyde ‘eiseqy ‘suibujowe) ‘uileqebald 6/ ‘0 Aep Bw g| siijewssposedy  N/LS 12t
‘papinoid wejoziie Jo wejozeidje
10} 8sn JO sajep ON "SAep g ulyum
paJanoosy “abus|[eyosp aAlsod Aep 0 pagJnisip ssausnolosuo) (D yioq) wejozig ‘wejozeddly 09 Bw g} siijewssposedy  4/8G L1
‘Buisop Jaye SHeam g [ewiouqe
IHIA "eIn|ie} [euas pue uoiyespAysp
‘eliydouisos ‘ejuadoifooquuoiyy
pajeanal wex3 "uoisnjuod
‘uoissalbbe ‘sseusnolosuod
JO 9)E}S paJsslje yum juaied [ewJouge |4 ‘uoisnjuod
"PAAISSTO 109448 OU ‘umelpyim Bnig shep g-| [elUBW ‘DWOIPUAS Je[j9qaia) - - bw ¢ saigeos IN/L8 Ol
ojul [euonIppy JOSuo o0} awl] SWwJa} JUaAS asianpe papoday suoles|paw 6%) asoq uolneoIpuy| xas/eby  ase)
(D) weywoouo9 Jo (S) 108dsns Jsyi0 Wb/

panuiuo)
| I1av]



*S]09)49 WISAS SNOAIBU [BA}USD UHM SUOIEDIPSW JUBHWODUOD UIM Sase) |
‘6 ¢ = wioy abesop | ‘UBosWIBA| o} ‘wioy abesop = 4q .
‘Buibew| soueuosal o_ubeW = [Y|A ‘21nound Jequin| = 47 ‘weibojeydsousonosie = H33

pasealosp UoIsIA ‘elsayisaeled

(O1me)
|[@460p1dojo ‘|ojoidolow

aelanbas yym paianoosy Aep 0 ‘esoudsAp ‘ssaulzzip ‘elusyisy ‘auidipojwe ‘judouisim 65 Bw 9 siseluse] 4/G/. 82
paJanooal JoN - asn [age| 4o ‘ainzies - - Bbw z| siselAN  4/- /2
IyoIouUEq
SISelBOSY 10} pajesi] ewapao ‘Buiwon Buiyoy BLBIBYONAN
AJUBHWODUOD JUBIIEd PBISA0ISY Aep(Q  ‘UOJWODSIP [BUILLOPQE ‘ByoepesH (S) sjozepuaqy - Bwyg| orenpsiseue|d /2. 92
IyoIouUEq
SISelIBOSY 10} pajesi] BLBIBYINAN
Ajueywoouod Jusijed paianodsy Aep 0 Buniwop ‘ssauizziq ‘eyoepesH (S) sjozepuaq|y - bw 6 ojenpsiseuel4 4/LL S
IJoJoUEq
SIseleosy 10} pajesi] BLIBYONAN
Ajuejwoouod Jusijed paianodsy shep g Buiwon ‘ssauizzip ‘eyoepesH (S) sjozepuaq|y - bw 6 o}enpsiseueld 4/sv v
IyoIoUEq
SISeleosYy 0o} pajesi] HOJWODSIP [eUILLOPE BLIBYONAN
Ajueywoouod Jusijed paianodsy Aep | ‘eayuselp ‘Buiywon ‘eyoepesH (S) sjozepuaq|y - Bbw z| o}enpsiseuell{ N/9E €2
SIseleosy IJoJoUEq
10} pajeai} AjJuejiLLOdUOD (D y10q) unior BLIBISYINAN
jusijed ‘abene| ouIser) ‘palanoosy Aep 0 SS8USNOIOSUOdUN ‘oBUBJODIP (S) 8j0ZEpUaqY - Bw z| o}enpsiseuell4 /82 22
Japlosip | Aep Bw g|
- - doays ‘pasealosp ay| Jo Auend - 98 ‘0o fep bw gL siseiplojAbuons N/~ 12
o« aouUsjouWwos
y ‘eixalAd ‘eyoepeay ‘snwbelsAu
g ‘ybnoo ‘aje}s [euoisnjuod
< ‘ewyise ‘uoisuspadAy
o ‘Aunge) 10aye‘eibjeinau
‘uoisuajodAy olreIsoyuo
‘uonesisiuiwpe Bnip Jo s|npayos
areudoiddeul ‘aniyisod 1s8} SNUIA
apjoesxod ‘ured [eabuiieydoio
“Yunup Buijesy ‘passye
poouw ‘p|od Buljes} ‘ssauineay
Jo uoljesuss ‘obipan ‘uonepss
‘Buiyoumy sjosnw ‘uoirediysuod (D I1e) suIxeyejuansap
‘eisnabsAp ‘pasealosp wnissejod "1SE)N[SIUOW ‘WEB[SASS8|0D
poojq ‘enbiye} ‘eisayiseeled ‘auoisisaboud ‘suossiseid
‘suoneudjed ‘lewsouqge Buigsy ‘Q ulweyA ‘sonoiqoid
‘eluayjse ‘ssauizz|p ‘eluwosiadAy ‘auozey|boid ‘eyesyo
‘ssaup|o9 [essyduad ‘ewiouqge wnissejod ‘auljoAoAxop
Bupjuiyy ‘Aywaaixs ui ured 9pIUOSBPNQ/|0I910WIO}
‘SS9USNOIOSUOD JO SSO| ‘esoudsAp ‘PIOE D]QJOISE ‘UluoIeleW
‘elpseoAyoe; ‘ured yoeq ‘c-ebawo ‘saulweyA | Aep Bw g siselpojeWwaN
"POAIBSTO 109448 OU ‘umelpyim Bnig sAep g—| s|Iyo ‘ured 1s8yo Jowai} ‘mel ui ured ‘auipeiedo|o ‘auixolAyiona] Q0L ‘ofepbw g siseiplojAbuons  4/65 102
nuesaud |-ipw
ul swsiydiowAjod uowwod ysow
ay1 jo auo *(6/6u og) Asdoine
Je 8nssi} uleiq Ul painseaw
ojul [euoIIPPY }9SUO O} swl | SWLIS) JUSAS SSISAPE papoday suoles|paw ) asoQ uoljeoalpu| Xos/eby  ose)
(D) Jenwoouo9 Jo (S) 10adsns syl pIVSIETV
% panuiuon
o™ | 3av]|



SERIOUS NEUROLOGICAL ADVERSE EVENTS AFTER IVERMECTIN 387

treatment of strongyloidiasis and assessed as at least pos-
sibly related to ivermectin, whereas drug-related headache
(0.2%) was observed in trials for onchocerciasis. The label
further includes warnings for the occurrence of serious
neurological adverse events in the contexts of concomitant
infection of onchocerciasis and loiasis and accidental
intoxication with veterinary formulations of ivermectin.” Al-
though some of the adverse events experienced by subjectsin
this case series were observed in clinical trials (dizziness,
headache), there were other events of a more serious nature
which are suggestive of ivermectin penetration into the brain:
loss of consciousness/depressed level of consciousness,
abasia, tremor, vomiting, and coma.

Clinical review of the cases within this case series has focused
largely on three important confounders: co-administered drugs
with known CNS effects, overdosing, and evidence of sec-
ondary impairment of the blood-brain barrier. A number of
cases report co-administered drugs with known CNS-effects,
such as antihistamines (case 3), antidepressants/antipsychotics
(cases 9 and 20), anxiolytics, and/or antiepileptics (cases 9,
11,12, 15, and 17). In only case 3 was the concomitant drug
reported as “suspected” as a potential cause of the reported
adverse events. Further assessment of the other cases is
complicated by lack of information on the treatment courses of
drugs which were not “suspected.” However, in one case (case
11) the symptoms apparently resolved when ivermectin was
discontinued (“positive dechallenge”), and in another (case 12)
the events recurred with repeated dosing of ivermectin (“positive
rechallenge”). Five cases noted concomitant administration of
albendazole whose package insert describes both headache
and dizziness as possible adverse drug reactions (cases
22-26); in all cases, albendazole was considered also to be
“suspected.” In case 22, however, the reported adverse
event of “unconsciousness” would not be an expected
event fromthis additional anti-parasitic agent. There was no
evidence of overdosing in any of the cases upon review of
dosage recommendations and weight data provided in the
case reports. Obvious evidence of blood-brain barrier in-
sufficiency, such as sepsis or malignancy, resulted in ex-
clusion from the final case list; however, it is possible that
there remain cases in the case series in which the blood-
brain barrier has been weakened by the indication for iver-
mectin, such as strongyloidiasis (case 19).

A number of cases included in the final case series may be
related to drug—-drug interactions. Drugs that are substrates of
CYP3A4 enzymes are often also substrates for P-glycoprotein
transport, and thus there may be arisk of increased absorption
past the blood-brain barrier with concomitant ivermectin ad-
ministration.?! Several cases presented here reported con-
comitant use of such drugs, such as statins (case 12), HIV
protease inhibitors (case 8), calcium channel blockers (case
28), and benzodiazepines (cases 9, 11, 17, 18). A recent
publication documents evidence of an in vitro interaction of
ivermectin and a number of antiretroviral agents.?? Current la-
beling for ivermectin contains no warning for co-administration
with CYP3A4 substrates.

Another possible explanation is that some humans experi-
encing serious neurological adverse events after ivermectin
therapy may have mutations in the mdr-1 gene, allowing for
penetration of ivermectin into the CNS. More than 50 naturally
occurring single nucleotide polymorphisms (SNPs) have been
identified in the mdr-1 gene; the majority of these SNP are

silent, and there is no current evidence of a mutation that re-
sults in loss of function. However, various combinations of
these SNPs, composing different P-glycoprotein haplo-
types, have been found to exhibit reduced mdr-1 expres-
sion.2® Bourguinat et al.?* analyzed mdr-1 genotypes in
13 subjects from Cameroon: four who experienced a seri-
ous adverse event and nine who did not. Haplotypes as-
sociated with altered drug disposition were present as
homozygotes in two of the patients experiencing serious
adverse events and in none of the control patients. One of
the cases in our series was investigated for the most com-
mon polymorphisms associated with decreased mdr-1
expression and found that none were present; however,
further details were not provided.'®

Limitations of spontaneous adverse event reports are that
they are come from both voluntary and regulated sources, a
suspicion that the reported drug caused the event may or may
not be present, and the amount of information included in the
report is variable. Detection of “signals” in these types of data-
bases is intended to be hypothesis-generating rather than
evidence of causality.

In conclusion, there is evidence that serious neurological
adverse events can occur with ivermectin beyond the treat-
ment of O. volvulus complicated by concomitant high burden
L. loainfection. Potential explanations include concomitantly
administered drugs which inhibit CYP3A4 and polymor-
phisms in the mdr-1 gene. By comparison with the exten-
sive post marketing experience with ivermectin in the
successful treatment of parasitic infections, the total number
of reported cases suggests that such events are likely rare.
However, elucidation of individual-level risk factors could
contribute to therapeutic decisions that can minimize harms.
Further investigation into the potential for drug interactions
and explorations of polymorphisms in the mdr-1 gene are
recommended.
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