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Practices and Challenges
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Treatment of respiratory diphtheria requires prompt ad-
ministration of equine diphtheria antitoxin (DAT) to neu-
tralize circulating toxin. We conducted surveys of key pro-
curement agencies and manufacturers currently engaged
in DAT manufacturing or procurement, along with key
informant interviews with developers of monoclonal an-
tibodies. Our findings indicate that prices and availability
of DAT vary and that prediction of demand is challenging
for both manufacturers and procurement agencies. Sub-
stantial concerns were raised over the inability to obtain
enough DAT to respond to increasing global outbreaks.
Monoclonal antibody developers noted financial challeng-
es in advancing their clinical and manufacturing progress.

efore diphtheria toxoid-containing vaccine was

broadly available, diphtheria was a leading
cause of childhood deaths. After the introduction
of the vaccine, the incidence of diphtheria declined.
However, because of factors such as diminished
routine vaccination coverage in some settings, out-
breaks of diphtheria continue to occur; case-fatality
rate (CFR) is #30% in nonvaccinated persons, with
higher risk for death in young children <5 years of
age (1,2). Cases have risen markedly since the ear-
ly 2000s. In 2023, the World Health Organization
(WHO) received reports of 24,782 cases from all re-
gions, mostly in the African, Eastern Mediterranean,
and South-East Asia regions; that total represented a
dramatic increase from 10,027 reported cases in 2022
(3,4). Diphtheria is believed to be underreported in
many regions (5,6).
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Current treatment of respiratory diphtheria re-
quires hospitalization, the administration of diphthe-
ria antitoxin (DAT, sometimes referred to as eDAT,
which contains polyclonal equine immunoglobulins),
and antimicrobial drugs (typically penicillin, erythro-
mycin, or another available macrolide) for a course
of 14 days (7). The timely administration of DAT can
prevent potentially irreversible toxin-related dam-
age, reducing mortality rates by up to 76% (8). DAT
is included in the WHO model Essential Medicines
List; despite its importance, global availability of the
product is perilously unreliable. Supply is limited;
many producers have ceased production because of
unpredictable demand, limited return on investment
for continuing production, and the high regulatory
requirements necessary to assure safety of blood-
derived products. Most countries do not have DAT
stockpiles and rely on donations or procurement by
United Nations (UN) agencies. Response efforts tend
to be agency specific, with no coordinating body or
formal communication channels specific to the prod-
uct. DAT availability is critical for case management
and mitigation of diphtheria outbreaks; issues with
DAT availability create challenges in preventing fur-
ther spread of diphtheria (9,10).

The objectives of this study were to assess the
current context and challenges for production and
procurement of DAT from the perspectives of man-
ufacturers and procurement agencies and to under-
stand current development of candidate monoclo-
nal antibodies for diphtheria and any challenges
impeding their development toward licensure and
broader production.

Methodology
We conducted 3 key activities to collect the necessary
data for this assessment. Activity 1 was a literature
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review and stakeholder mapping exercise of key pro-
curement agencies and manufacturers involved in
diphtheria antitoxin procurement and implementa-
tion activities for diphtheria outbreaks, by country or
region. Activity 2 was surveys of the identified key
procurement agencies and manufacturers involved
in diphtheria antitoxin supply and procurement and
implementation activities for diphtheria outbreaks.
Activity 3 was key informant interviews with the de-
velopers of monoclonal antibodies currently in devel-
opment for diphtheria.

Activity 1—Literature Review and Stakeholder Mapping
To understand the context and recent relevant history
of diphtheria antitoxin procurement and inform the
selection of the target populations for semistructured
interviews, we conducted a landscape analysis of po-
tential WHO stakeholders based on existing engage-
ment trackers and lists and internal desk research.
The list included identified persons and organiza-
tions working on diphtheria antitoxin manufacturing
and procurement.

In May 2023, we conducted a literature review us-
ing the search string “diphtheria AND antitoxin AND
monoclonal antibody AND treatment” to identify any
current monoclonal antibody candidates targeting
diphtheria toxin. We supplemented the literature re-
view with a search of https://clinicaltrials.gov using
the terms diphtheria and monoclonal. We conducted
the literature review only on English-language mate-
rials, which is a potential limitation of the research.

In May 2023, we conducted a web search of pro-
curement agencies including UNICEF, WHO, WHO
Pan-American Health Organization revolving fund,
and Médecins Sans Frontieres (MSF) to document
publicly available information on DAT procurement.
Finally, we developed a list of DAT producers based
on information from procurement agencies, existing
WHO resources, and through a web search.

Activity 2—Stakeholder Surveys

During June-July 2023, we conducted surveys of the
identified key procurement agencies and manufactur-
ers involved in diphtheria antitoxin procurement and
implementation activities for diphtheria outbreaks. The
purpose of those surveys was to gain an understanding
of current supply and production contexts, forecasting,
and general supply chain challenges and opportunities.

Activity 3—Key Informant Interviews

During August-September 2023, we conducted key
informant interviews with MassBiologics (https://
www.umassmed.edu/massbiologics) and People for

the Ethical Treatment of Animals (PETA) Science
Consortium International (https://www.thepsci.
eu). The interviews were designed to determine time-
lines for availability of their monoclonal antibodies
(mAbs)-based products, production capacity, and
related costs (Appendix, https://wwwnc.cdc.gov/
EID/article/31/11/252-0796-Appl.pdf).

Results

Procurement Agency Survey

Four procurement agencies provided responses to
the survey. We had chosen procurement agencies
on the basis of known ongoing activities related to
diphtheria outbreak response or global procure-
ment responsibilities for outbreak response. Al-
though the United States and some countries in
Europe also procure DAT, those supplies are gen-
erally limited to small quantities and used only do-
mestically. We do not describe those national-level
procurement experiences here, although we note
the important role of ministries of health in con-
tributing to health security. In addition, we did not
consider private-sector procurement. We obtained
further information from internal analysis of pro-
curement data for the World Health Organization
(Appendix, Appendix Table 1).

In our survey results, procurement agencies
identified limited suppliers. We noted significant
variability in prices per vial (US $25-$81.89 includ-
ing administrative fees). Forecasting activities were
limited for most procurement agencies; the variability
of outbreaks that agencies respond to made demand
unpredictable.

As part of the survey, procurement agencies also
identified any forecasting activities undertaken inter-
nally, and reflections on challenges with current pro-
curement mechanisms for equine DAT. Procurement
agencies identified issues within the themes of pric-
ing, quality assurance, product specifications, and
manufacturing; pricing variability, lack of guidance
such as WHO prequalification or Stringent Regula-
tory Authority approval, product shelf life, supply
and stockpile management, limited suppliers, lack of
availability for emergency contexts due to lead time
required for manufacturing.

Procurement agencies identified the following
areas for further discussion or coordinated support:
coordination/implementation of global stockpile;
exploration of new products, including support for
advancement of products currently in development
(e.g., mADbs); exploration and prequalification of new
suppliers; forecasting outbreaks and product needs;
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and advocacy at the country level on the importance
of DAT stockpiles and safety stocks.

Manufacturer Survey

We identified manufacturers from a WHO internal
2017 procurement review indicating current or pre-
vious manufacturing activities related to DAT, and
from information provided by procurement agen-
cies (11). We sent survey invitations to 10 manufac-
turers; of those, 3 manufacturers provided responses
to the survey (Appendix, Appendix Table 2). Results
as presented are based on responses to the survey as
well as a supplemental analysis of internal procure-
ment data for WHO that included additional manu-
facturers Biological E and Premium Serums (Appen-
dix Tables 1, 2).

Seventy percent of manufacturers that had been
previously identified did not respond to survey re-
quests, despite numerous reminders. As such, data are
limited to the 3 suppliers who responded to the survey,
as well as the 3 other manufacturers for which WHO
had production capacity and cost data. Those include
all manufacturers from where procurement agencies
are currently purchasing DAT. As evidenced by sur-
vey results, manufacturers confirmed wide variability
in prices per vial ($24-$507.20), although manufactur-
ers producing larger volumes tended to report lower
prices. Prices were different, in some cases, from those
reported by procurement agencies. All 3 manufactur-
ers reported forecasting activities to varying degrees of
detail. Manufacturers also reported being challenged
by the variability of outbreaks and subsequent de-
mand calculations. As part of the survey, manufactur-
ers also reflected on challenges with current manufac-
turing and procurement mechanisms for equine DAT.
Manufacturers identified challenges within the follow-
ing themes: availability of starting material (hyperim-
mune plasma) within the short periods of time needed
for product generation for outbreak response; imple-
mentation of all current Good Manufacturing Practices
(cGMP) requirements; competing priorities (e.g., one
manufacturer reported the same facility being used for
11 other equine-derived immunoglobulins); and un-
predictable increases in demand. The issues that man-
ufacturers identified for further discussion or coordi-
nated support were updates on global diphtheria cases
and better coordination on advance manufacturing.

Key informant interviews: Monoclonal Antibodies

We identified 2 candidates from the literature
review and Clinicaltrials.gov search. The candi-
dates were MassBiologics and PETA Science Con-
sortium International.

Diphtheria Antitoxin Practices and Challenges

MassBiologics

We conducted 2 key informant interviews with a rep-
resentative from MassBiologics on August 23, 2023,
and September 6, 2023. In addition to the interview,
the company shared overview materials for review
for relevant contextual information. Development of
5315, a human monoclonal antibody, began at Mass-
Biologics in 2010 (12,13). S315 is produced through
the isolation of antibody-secreting cells in human vol-
unteers boosted with TdVax (14), a combination teta-
nus/diphtheria vaccine. Antibody-producing genes
are amplified, synthesized, and screened through an-
tibody binding and toxin neutralization (Figure).

S$315 Clinical Study Progress

MassBiologics conducted dose-selection study of S315
in a guinea pig model of diphtheria intoxication, in
accordance with National Institutes of Health (NIH)
minimum requirements potency assays (15). Find-
ings from the study suggested a potency estimate
of 17 (95% CI 16-21) ng S315/1U DAT for a survival
endpoint (15). An alternate potency endpoint of 48
(95% CI 38-59) ng/IU was identified after transient
limb weakness in some surviving animals was pre-
sumed to be a sign of systemic toxicity (15).

In 2019, MassBiologics filed an investigational
new drug proposal. It has subsequently completed an
in-human, randomized, double-blind, dose escalation
phase 1 trial of S315 intended to demonstrate safety,
tolerability, and pharmacokinetics. The phase 1 study
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Figure. Development of S315, a human monoclonal antibody
produced through the isolation of antibody-secreting cells in
human volunteers boosted with a combination tetanus/diphtheria
vaccine. Antibody-producing genes are amplified, synthesized,
and screened through antibody binding and toxin neutralization.
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was conducted in a population of healthy adults 18-
55 years of age in which S315 was demonstrated to
be generally safe and well tolerated. The study found
that S315 serum neutralizing activity was an order of
magnitude greater than that attained by eDAT (16).

Challenges in Clinical Study Progress

S315’s progress has been hampered in recent years for
several reasons. The emergence and focus on COV-
ID-19 vaccines, therapeutics, and diagnostics, as well
as various limitations on in-person activities, caused
delays in approvals processes. As of September 2025,
the Centers for Disease Control and Prevention (CDC)
has approved a protocol for expanded access/com-
passionate use of S315, but an available manufacturer
for GMP treatment courses has not been identified.

Regulatory approval typically requires data col-
lection through a randomized controlled trial or use
of Animal Rule Good Laboratory Practices studies.
MassBiologics received a Food and Drug Administra-
tion decision in November 2023 that acknowledged
the challenges of conducting human trials but stated
that a guinea pig rescue model is not sufficient; ex-
ploration of clinical trials would require a change in
process toward a biologic licensing application. The
company could not share specific details.

MassBiologics did investigate opportunities for
noninferiority clinical field trials with the WHO and
MSF from 2020 forward, comparing monoclonal DAT
(mDAT) to equine DAT, but those were limited by
the COVID-19 pandemic. Further discussions were
held in January 2023 to determine if outbreaks in Ni-
ger and Nigeria would warrant use and evaluation
of 5315, but no decision was made on a clinical field
trial (16). MassBiologics has identified concerns with
holding clinical field trials that include the necessary
population size for an adequately powered study (es-
timated at 674 total, and 337 per treatment group).
Adequate population size is influenced by current
epidemiology of diphtheria, specifically the variabili-
ty in scale, location, and duration of outbreaks, which
makes planning the logistical elements of a trial and
ensuring adequate supply of both mDAT and DAT
difficult (1,5,17).

MassBiologics has reviewed WHO 2023 data and
identified that, during 2017-2021, Ethiopia, India, In-
donesia, Nigeria, Pakistan, Venezuela, and Yemen
each reported a median of >150 cases/year (range
164-5,293 cases/year) and as such would potentially
fit criteria for conducting a clinical trial (e.g., reported
surveillance cases, outbreaks occur regularly, existing
infrastructure for clinical trials). However, logistical
and study scale elements remain a concern.

Challenges in Finance

The development of S315 has been funded by a com-
bination of grants and internal budget at MassBiolog-
ics. However, as a state-owned, not-for-profit com-
pany, MassBiologics is limited in its resources and its
access to financial markets, which has created addi-
tional challenges to S315’s timely progress. Although
MassBiologics has made several attempts to identify
a private-sector partner for co-development (includ-
ing licensing and manufacturing), no successful part-
nership has been identified. MassBiologics has also
discussed grant support with several philanthropic
organizations, multilateral organizations, and non-
governmental organizations about various topics, but
those conversations have primarily focused on devel-
oping clinical studies and stockpiling S315 and have
not resulted in financial support.

PETA Science Consortium International

One key informant interview was held on October 4,
2023, with representatives associated with a research
project funded by the PETA Science Consortium In-
ternational. In addition to the interview, the Consor-
tium shared overview materials that we reviewed for
relevant contextual information.

PETA Science Consortium International is de-
veloping a candidate product for the treatment of
diphtheria that is a combination of 2 human recom-
binant mAbs (18). The candidate was developed after
the generation of 400 human recombinant antibod-
ies against diphtheria toxin from 2 phage display
panning strategies using a human immune library.
Narrowing down the identified 400 through various
panning and neutralization screening techniques,
the researchers further characterized 61 unique anti-
bodies, 35 produced as fully human IgG1 (18). The
researchers also determined that a 2-mAb cocktail re-
sulted in better neutralizing capacity and higher po-
tency (18). With those results, they have established
proof of concept and are in the preclinical phase but
do not yet have GMP material. They anticipate that
the candidate product will be available to move to
human trials in future years, pending a development
partner and further financing. The consortium is a
nonprofit organization and does not expect to have
any financial stake in further development of the can-
didate; in the absence of anticipated profit genera-
tion, candidate product development requires further
financial support.

Challenges in Clinical Progression and Finance
Similar to MassBiologics, as a not-for-profit organiza-
tion, the consortium has limited resources for com-
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prehensive human trials. The consortium will require
financial support from partners.

Discussion

The surveys and key informant interviews highlight
that prices and availability of DAT vary widely and
that prediction of demand is challenging for both
manufacturers and procurement agencies. Procure-
ment agencies raised concerns over the inability to
obtain sufficient amounts of DAT to respond to in-
creasing global outbreaks (19-26). Related factors
raised included broad variability in pricing, a lack of
procurement agency resources available to engage
with manufacturers, and the absence of prequalified
or stringent regulatory authority-approved DAT.
There was no clear indication of why prices varied
so widely, although there appeared to be some cor-
relation between larger contract volumes and lower
prices, as would be expected in contracting practices.

With respect to product specifications, procure-
ment agencies noted that the product’s relatively
short shelf-life resulted in a purchase risk for the or-
ganization, and given the lower quantities typically
procured in comparison to other public health prod-
ucts and the challenges with supply availability,
many procurement agencies were not well placed to
take that risk. Suggested ways to mitigate those risks
included the coordination of a global stockpile, as
was done for cholera vaccines (27), from which mul-
tiple agencies could draw, which would coordinate
demand, introduce supportive financing mecha-
nisms, and increase consistency across prices. Such a
stockpile could also mitigate another concern raised,
the necessary lead time for manufacturing, which
proves challenging for outbreak response purposes.
There is also a need to discuss the roles and respon-
sibility for management of such a stockpile, similar
to Gavi’s International Coordination Group (ICG)
on Vaccine Provision, as well as distribution re-
sponsibilities, because diphtheria infections are not
a high priority for response compared with other
pathogens requiring vaccines or therapeutics. The
stockpile approach would also require the definition
of transportation requirements and responsibilities
as well as funding authorities.

Although manufacturers overall expressed
fewer concerns, the lack of response from several
manufacturing organizations could mean that there
are unexpressed concerns from other manufactur-
ers. Some of the contacted manufacturers could no
longer be involved in DAT supply, which would
represent a further reduction in DAT availability
from several years ago (Appendix). Manufacturers

Diphtheria Antitoxin Practices and Challenges

who responded to the survey indicated some fore-
casting or future estimates for manufacturing but
did not identify any substantive ability to expand
manufacturing capacity in a timely manner (e.g.,
surge capacity during outbreaks requiring increased
production). Manufacturers also identified GMP re-
quirements as a rate-limiting step for timely surge
DAT production that would require increased speed
of production. Those requirements should be consid-
ered nonnegotiable for procurement; however, there
is a potential role for increasing prequalification of
suppliers or enabling coordination with suppliers
to promote capacity to meet GMP requirements in
advance of increases in production needs or surge
requirements.

Those solutions might help to mitigate some
manufacturing issues, but they do not address other
concerns with DAT, namely batch-to-batch variabil-
ity of product, risk for hypersensitivity or allergic re-
actions, and timely ability to manufacture in response
to outbreaks. Both organizations currently develop-
ing a monoclonal antibody product for DAT are mak-
ing progress in development; however, both are ham-
pered by a lack of available funding for research, lack
of clarity around the potential implementation of a
randomized control trial in outbreak situations to en-
able comparison against DAT, and lack of a clear path
for manufacturing upon licensure. With respect to a
potential clinical trial for mAbs, there is also an ethi-
cal concern of carrying out trials for market authori-
zation in geographic locations for which the product
may be too expensive, as was noted during clinical
trials for Ebola viral disease treatment with mAbs.
Although both products show great scientific prom-
ise, cost per treatment would likely be substantially
higher than that of DAT.

Conclusions

The introduction of diphtheria vaccine has greatly
reduced global incidence of diphtheria and con-
tributed to improved childhood health. However,
because of inconsistency in vaccine access, supply,
and confidence, childhood immunization rates have
waned globally in recent years and diphtheria out-
breaks have risen, driving increased but unpredict-
able DAT demand and causing subsequent issues
with consistent and rapid access to sufficient DAT.
The importance of maintaining DAT manufacturing,
supply, and access for health security of a vaccine-
preventable disease should be recognized in the short
term in tandem with a long-term understanding
of the benefits of DAT replacement by more effec-
tive and safe toxin-targeting monoclonal antibodies
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that offer the promise of a 21st Century solution to
DAT limitations.

Transition from DAT to monoclonal antibodies
could be accomplished by supplementation of DAT
supplies with laboratory-produced mDAT; 2 candidates
are currently in clinical development. However, both
mDAT candidates face challenges in advancing their
clinical and manufacturing progress, such as an unclear
value proposition and business case, lack of preferred
product characteristics guidelines, lack of clear regula-
tory guidance, and the challenge of clearly communicat-
ing the unmet need in the face of an effective vaccine.

The perspectives we learned through surveys
and interviews were invaluable. Our review was lim-
ited by nonresponse of some manufacturers, lack of
ability to use publications or information in other lan-
guages, and lack of historical data about manufactur-
ers no longer producing therapeutics.

Although WHO is maintaining a small stock of
DAT to respond to urgent requests, no specific finan-
cial and allocation mechanism similar to an ICG has
been established for diphtheria antitoxin. We noted
a need to reconvene a group of experts drawn from
manufacturers, procurement agencies, multilateral
agencies, regulatory bodies, and philanthropic orga-
nizations. The mission of such a group would be to
assess proposed options for viability and develop a
shared commitment to increase financing for advanc-
ing mDAT product development while ensuring ac-
cess to sufficient DAT supply.
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