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Intended Learning Objectives

Specific objectives of this session:
1. Learn about diphtheria outbreak control responses

2. Learn about challenges to access tools against diphtheria in
resource-limited access settings
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Outline

1. A couple of questions on vaccination coverage and DAT

2. Overview of the diphtheria outbreaks in Bangladesh and West
Africa

3. Outbreak response gaps:
1. Diagnostic capacity
2. Access to parenteral macrolides
3. Hospital bed capacity
4. Access to DAT
5. Delayed vaccination campaign



Please download and install the f~

slido Slido app on all computers you use { o J

What was the estimated DPT3 vaccination
coverage rate in Nigeria before the outbreak
emerged at the end of 2022 (i.e. DPT3 coverage =
percentage of children aged 12-59 months who
have received at least 3 doses of DPT-containing
vaccine)?

(D Start presenting to display the poll results on this slide.



slido Please download and install the (-
Slido app on all computers you use Y o |

What is the active ingredient of
Diphtheria Anti Toxin (DAT) ?

(D Start presenting to display the poll results on this slide.



2. Overview of the diphtheria outbreaks in Bangladesh and
West Africa




Chimola , jWurno

VY Y
Sokoto Katsina- Nguru Gash Nourtuwa® 2;.
Argungu ura o A (o &
CEsSRS : o Jajere Dikwa
o Funtu: ®potiskym  Maiduguri
Gidan Kayag o Zaria Gambe-Y.
: Sabon Birni Biue .
-3/ . *Kontdgora Kadina SouEs il o
g umo, ° Habe
& / 0 J0S O iy
& inna, “Kafanchan, oL Pindiga
ishil----- ; Abuj " 3
gbohoe | Igh L A Yold
. Lafiagi
haki 'l: rin ¢ IG ] Lafia
‘ L]
Ogb osho. s"og ; . 0
L]
Oy o SEde  sAdo-Ekiti- akurdi® *Wokeri ™\
kutaly Ibadan Ie-lf%n kfre- okm o 1dah ® Gboko ashaka®
ishin, __li bu-osc ) 3 ifon Nailtka
" i Enugu
otonou -290S |koro Cityepisabd ..a o kaliki
Ihial Onitsha
el uahiae Ugep
oics JkotEkpen
® Uye® el
0
0
4° To
*
ATLANTIC ’T““"gmw
OCEAN EQUATORIAL GU

NEPAL

INDIA

EUROPEAN CENTKE FOR
AND CONTROL

a Britannica, Inc




Outbreak in former Soviet Union
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« Number of reported cases - Global, Diphtheria
- Incidence rate - Global, Diphtheria, per 1,000,000 total population
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eria reported cases and incidence by year

Source: WHO Immunization Data portal<br>World Health Organization, WHO, 2024, All rights reserved
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Pre-outbreak situation / Kano vs Cox Bazar @C

e Very low pre-outbreak vaccination coverage (DTP3):
o Bangladesh : 90% (2017)

o Rohyinga refugee camp in Cox Bazar: 20% of 5y-14y were estimated to be immune
Finger, BMC Med, 2019

o Nigeria: 57% (2022)
o Kano State: 52% of <4y were estimated to be immune

Tohme, Vaccines, 2023

e Td boosters not offered

e Densely populated areas
o Refugee camp in Cox Bazar : population 1M; up to 60,000 persons per km2
o Kano metropolitan area: population 4,9M; up to 30,000 persons per km2



l End-Feb-2023: launch of 1st round of

Number of cases

Low coverage

. reactive massvaccination campaign AW
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Outbreak in Kano, Nigeria (2023-2024) =
Low number of cases during the first 6
months

Then gradual increase

High number of cases during 4 months
Then a long tailduring >5 months

R ey amas Source: Epicentre Dashboard

Mid-Dec 2017: launch of 1st round of
l reactive massvaccination campaign
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i Outbreak in Cox Bazar, Bangladesh
(2017-2018)

Low number of cases for a very short
period of time (1 month)

Then sudden increase
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Source: https://doi.org/10.137 1/journal.pmed.1003587.g001
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MSF and diphtheria outbreak response

e Prevention
o Contact tracing, early case detection and isolation
o Antibiotics for cases and contacts
o Vaccination for contacts
o « Catch up » mass vaccination campaigns

e (Case management
o Hospitalisation, home based care
o Access to diphtheria anti toxin
o Post-discharge follow up (i.e. delayed complications)



3. Outbreak response gaps
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Gap#1: limited &
diagnostic capacity eeoc

Case definition

' ‘Suspod
Probable
Confirmed

Cox Bazar, Bangladesh
<1% of cases were lab-confirmed

Polonsky JA, Ivey M, Mazhar MKA, Rahman Z, le Polain de Waroux O, Karo B, Jalava K, Vong S, Baidjoe A, Diaz J,
Finger F, Habib ZH, Halder CE, Haskew C, Kaiser L, Khan AS, Sangal L, Shirin T, Zaki QA, Salam MA, White K.
Epidemiological, clinical, and public health response characteristics of a large outbreak of diphtheria among the
Rohingya population in Cox's Bazar, Bangladesh, 2017 to 2019: A retrospective study. PLoS Med. 2021 Apr
1;18(4):e1003587. doi: 10.1371/journal.pmed.1003587. PMID: 33793554; PMCID: PMC8059831.

Nigeria (not just Kano)
<1% of cases were lab-confirmed




Need for a rapid diagnostic test for diphtheria @c

e Access to lab for bacterial culture + Elek is very limited
e Target product profile for diphtheria RDT under discussion (not published)
accuracy (Se/Sp),
type of sample,
number of steps,
time to results,
level of care & use case scenarios.
e Several mAbs with good affinity for diphtheria toxin are available to develop
prototype antigen-detecting lateral flow assays.
e Challenges:
o Wwhat's the business model for a rapid test for diphtheria?
o collection of pharyngeal swab is challenging (risk of bleeding).
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Gap#2: limited access to parenteral macrolides @r&:

e WHO recommends macrolides over penicillin for treatment of diphtheria
e About 20% of suspected cases in Kano couldn't swallow oral drugs.

e However, due to customs restrictions, MSF couldn't easily import injectable
macrolides. Doses from the local market were scarce.




Gap#3: limited hospital bed capacity &
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e In Kano, 152 beds (in two hospitals supported by MSF), including 10 intensive
care beds, were allocated to diphtheria patients.

e But that wasn't enough. During the peak (July 2023-December 2023), most
patients couldn't be admitted -> Home care was introduced for milder cases,
but triage was difficult.



Gap#4: global shortage of eDAT Qﬁc
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e During the West African outbreak, global demand for eDAT surged, but global supply
couldn't keep pace.

e In Kano, 25% of patients in need received eDAT; often a suboptimal dose.

e eDAT was prioritized for : <5 days post-symptom onset, signs of severity (e.g. bull’s
neck), <5y



Few eDAT suppliers, limited manufacturing capacity B
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e WHO survey of eDAT suppliers (to be published soon): only 6 active
suppliers (1 Brazil, 4 India, 1 Bulgaria) with varying production
capacities, prices and quality standards

e Long lead time for manufacturing, relatively short shelf life

e Global manufacturing capacity per year: 100K-130K vials of
10,000IU; equivalent to 12,500-16,250 TCs of 80,000IU

e No international emergency stockpile during inter-epidemic periods

e In practice, in 2023-2024, supply relied on just two Indian
companies -> inability to obtain sufficient quantities of eDAT to
respond to outbreak.
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HOW DID THEY MAKE DIPHTHERIA ANTITOXIN?

SCIENTISTS LEARNED TO HARNESS THE IMMUNE SYSTEMS of some animals to produce antitoxin serums e D AT Manu fa Ctu Fers W| I I on Iy

to use as medicines. Diphtheria antitoxin was one of these medicines. Doctors used diphtheria antitoxin

to treat and prevent diphtheria, an often deadly childhood disease. p u rC h a S e m O re h O rS eS if
@ Scientists grow @ Next, researchers inject @ Scientists collect @ Then, researchers I O n g -te r m CO n t ra CT :S a re

diphtheria-causing horses with the diphtheria blood from the purify the antitoxin
bacteria in the laboratory toxin. As an immune response, horses and separate serum foruse as a Se C u red .
and harvest its toxin. the animals’ blood produces out the antitoxin medicine for people.

diphtheria antitoxin. rich serum.

toxin

Need to shape the market for
eDAT and build international
stockpiles during inter-

Tzl epidemic periods
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Need to accelerate development of mDAT @&

e MDAT: fully human diphtheria anti toxin
mAD YA
e Target product profile mDAT: v Ase
o safer than eDAT (less hypersensitivity 0 rb j@;‘ rb A
reactions & serum sickness), at leastas " 21 % r >
effective as eDAT, BIR o, commme
o more easily scalable, Y somneceisisolne J
o not much more expensive than eDAT. () " sewmnby
e S315: o by Aoy QR Antbodybindingn ELISA

$315

o developed by not-for-profit organization v ovxwacine : AR Sh
o ready for Phase II/III, but challenges to

mobilise $2-3M to produce clinical grade

S315 for RCT



Gap#5: Delay in launching mass vaccination campaign &
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e Catch-up vaccination : Penta (DTwP+Hib+HBV) for <5y ; Td for >5y
e Delay in decision to vaccinate/how to vaccinate
o Small clusters in highly dense populated areas
o Schedule not suitable for ‘reactive’ vaccination = 3 doses/rounds
o All age groups are at risk/eligible for vaccines
o Area with few cases can be very wide
e July 2023: Nigeria requested 10M doses of Penta / Td for mass vaccination campaign,
but
o funding was not readily available
o available doses of Penta and Td in Nigeria were reserved for routine immunization
o lead time (new orders): 5 months for Penta & 2.5 months for Td

e Need to establish an international stockpile of Penta + Td for outbreak response (ICG
model)



In summary @c

List of learning points from this session:

There can be wide variation in coverage of diphtheria-containing
vaccines between national and local levels.

O%ltbreﬁnkf in Bangladesh and Kano had different dynamics, but both had
a long tai

Stockpiling of diphtheria tools is needed between epidemic periods.

mDAT is a low-hanging fruit and needs further support to accelerate
development.



Further reading @ C
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Clinical Infectious Diseases :
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Diphtheria Antitoxin Administration, Outcomes, and

Safety: Response to a Diphtheria Outbreak in Cox’s Bazar, Monoclonal Antibodies to Treat Diphtheria
Bangladesh N2 Whie®

Nell Eisenberg,'?Isabella Panunzi,' Anja Wolz," Chiara Burzio,' Anna Cilliers,' Md Ariful Islam,' Wagar Mohammad Noor,' Oren Jalon,' Mahidol-Oxford Trapical Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand
Deanna Jannat-Khah,” and Julita Gil Cuesta’'
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Eisenberg, Clinical Infectious Diseases, 2021 White, The Journal of Infectious Diseases, 2024
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Clinical and Epidemiological Aspects of Diphtheria: : :
A Systematic Review and Pooled Analysis Diphtheria
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Shaun A. Truelove, ” Lindsay T. Keegan, * William J. Moss,  Lelia H. Chaisson,’ Emilie Macher,” Andrew S. Azman, ~ and Justin Lessler Naresh Chand Sharma', Androulla Efstratiou?, Igor Mokrousovs, Ankur Mutreja"',

'Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA; “International Vaccine Access Center, Department of International Health, Johns 5 5 %
Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA; and Médecins Sans Frontieres, Geneva, Switzerland BhabatOSh DGS and ThGﬂdGVGfGyaﬂ Ramamurthy

Sharma, Nature Disease Reviewers Primers, 2019
Truelove, Clinical Infectious Diseases, 2020
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