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Abstract

Antimicrobial drug resistance (AMR) is increasing rapidly worldwide, causing an estimated 700,000 deaths
annually over the past decade, en route to becoming the leading global threat to public health by 2050 with an
estimated 10 million deaths per year (more than heart disease, cancer, and stroke), while reducing global
wealth by US$100 trillion. Yet AMR has not received the attention and action required to change this trajec-
tory. Appropriate infection prevention and control (IPC) measures are needed to prevent transmission of
infections to healthcare workers (HCWs), other patients, families, and the general public. In this review, we
discuss a notable case study of AMR: highly drug-resistant tuberculosis (TB) has emerged repeatedly over the
past 70 years as new drugs have been introduced, leading to new diagnostics, therapeutics, funding, public
health strategies, and, in high-income countries, effective IPC measures that curtailed transmission. We review
current efforts to control and prevent AMR using the example of drug-resistant tuberculosis to highlight
important themes including laboratory systems, surveillance, control and prevention of healthcare-associated
infections (especially among HCWs), better coordination across disciplines and diseases, and powerful advo-
cacy/social change initiatives grounded in social and behavioral sciences. These strategies are the foundation
of an effective response to the AMR threat to public health.
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he global advance of pathogenic microbes with

I resistance to all or nearly all antimicrobial drugs is

a major threat to public health. Starting with pen-

icillin and sulfonamides less than 90 years ago, antimicro-
bial drug resistance (AMR) has emerged among so many
pathogens to so many drugs that it has become a founda-
tional principle of modern microbiology and medical
therapeutics (1-4). More than one-third of countries
report widespread resistance among common pathogens
(5), and 35% of common human infections are resistant
to available medicines in many countries (5). In some low-
and middle-income countries (LMICs), resistance rates
are as high as 80-90% for some antibiotic-bacterium com-
binations (5). Resistance to the last remaining agents
against many common bacteria, fungi, protozoa, and cer-
tain viruses is projected to almost double between 2005
and 2030 (5). Today, highly drug-resistant tuberculosis
(TB), healthcare-associated infections (HAI), gonorrhea,

malaria, and human immunodeficiency virus (HIV) have
been reported repeatedly in many countries, causing an
estimated 700,000 deaths annually (5, 6). One-third of
these deaths, an estimated 230,000 each year, are due to
multidrug-resistant (MDR) TB alone, more than any
other pathogen (7). On our current trajectory, by 2050,
AMR will be the leading threat to health, causing over 10
million deaths per year (more than cancer, heart disease,
and stroke) and reducing global wealth by US$100 trillion
(5, 8). One sees the realistic possibility of a post-antibiotic
era; indeed, the leading edge is already here.
Pharmaceutical research into new antimicrobial com-
pounds shrank dramatically after the 1980s, and the
development of new compounds into commercial prod-
ucts shrank in tandem by the early 2000s (1, 2, 6, 8-16).
Antibacterial drug discovery all but ended in the 1980s
with oxazolidinones, monobactams, and cyclic lipopep-
tides, the last truly novel chemical cores, although their
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development into commercial pharmaceuticals continued
for 20 more years creating the false impression of a robust
pipeline (1, 14). The newest antifungal agents, the tri-
azoles and echinocandins, were discovered in the 1970s,
patented in the 1980s, and entered clinical use by the
1990s (17). Resistance to azoles and triazoles is now com-
mon, and highly resistant Candida auris has become a
global menace to the point of front-page news in the New
York Times (18). The newest antimalarial drugs — meflo-
quine, halofantrine and its derivatives, and artemisinin
and its derivatives — were discovered in the 1960s and
1970s (19). Resistance to these agents is already well estab-
lished (20). Antiretroviral drugs came later because HIV
was unknown before 1983. From the first antiretroviral
drugs (1987), HIV has developed resistance rapidly,
undermining the effectiveness of global HIV/acquired
immunodeficiency syndrome (AIDS) control programs,
increasing their cost and complexity (21). HIV is not
alone among drug-resistant viruses. Acyclovir, the first
specific antiviral drug (1982), and all the cyclovirs are
compromised by widespread resistance among herpes
group viruses and cytomegalovirus (22). Influenza resis-
tance to oseltamivir (1999) was reported widely during the
2009 HIN1 influenza epidemic (23, 24).

Infectious diseases declined broadly in affluent coun-
tries throughout the 20th century in terms of major causes
of morbidity and mortality. As a result, industry research
and development shifted to chronic diseases that offered
much more lucrative markets (14). To large pharmaceuti-
cal companies, the net present value of a new antibacterial
drug is estimated to be approximately US$42 million (12).
This contrasts with new drugs for neurological or muscu-
loskeletal disorders, where net present values range from
US$720 million to US$1.2 billion (12). For the same
investment, it was more profitable to focus on drugs that
patients take life-long rather than for only 7-10 days. Of
18 major pharmaceutical companies, 15 have exited anti-
microbial research and development (25, 26). Unlike any
time since the 1930s, there are no new antibiotics, and the
pipeline is anemic (10, 15, 25, 27).

Considering the gravity of widespread, severe AMR,
why has it not received more attention from the public and
from policy makers? Mycobacterium tuberculosis may
have been the first major pathogen over the AMR cliff in
the 1940s, and the response to it was anemic until alarm-
ing, highly lethal, widely publicized outbreaks started in
the 1990s. Since then, the response has been modestly suc-
cessful over the past 20 years. For other pathogens, we
suggest the message never rose to the level of widespread
popular attention and public alarm sufficient to motivate
leaders and funders because, unlike the situation with TB,
there were no sudden shocks, no major crises at the global
level. Given the large numbers of different pathogens and
antimicrobial drugs, we became inured to increasing
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reports of progressive resistance among more and more
specific pathogens to each class of drugs. Until recently,
there were always alternatives, so there was no cause for
alarm.

Physicians, nurses, microbiologists, and their profes-
sional societies began sounding the alarm about AMR in
earnest in the early 2000s (6, 25-29). As a result, AMR was
incorporated into the 2009 United States (US)-European
Union (EU) Summit, leading to a resolution for action
(30). The EU, US, United Kingdom (UK), and United
Nations (UN) followed with extensive examinations of
antimicrobial resistance, producing profound analyses,
national action plans, and international guidance (24, 6, 8,
31-33). In 2016, the Political Declaration of the High-Level
Meeting on Antimicrobial Resistance of the UN General
Assembly represented a major milestone in confronting
AMR globally, leading to an Interagency Coordination
Group on Antimicrobial Drug Resistance that focused on
human medicine, animal husbandry, veterinary medicine,
research and innovation, the pharmaceutical industry, and
antimicrobial contamination of the environment — a One
Health approach to AMR (5, 11, 34-38).

We review global efforts to prevent and control AMR
using drug-resistant TB as a case study to highlight cru-
cial themes, including laboratory systems and surveil-
lance, control and prevention of HAIs (especially among
healthcare workers, HCWs), better coordination across
disciplines and diseases, and powerful advocacy/social
change initiatives grounded in social and behavioral sci-
ences. These strategies are the foundation of an effective
response to the AMR threat to public health.

Multidrug-resistant tuberculosis: A case study

Tuberculosis had the dubious distinction of being the first
major infectious disease to become resistant to all known
antibiotics. Anti-TB drug discovery research practically
went dormant in the 1960s after the advent of rifampicin
and 6-month chemotherapy because it was such a dra-
matic advance compared to what came before. Today, TB
is the leading cause of death among all infectious diseases,
with an estimated 10.0 million cases and 1.4 million deaths
in 2018 (7). Tuberculosis evolved from an entirely curable
disease in the 1960s, to more than 400,000 cases per year
of MDR-TB in the 1990s to the worldwide emergence of
extensively drug-resistant (XDR) TB in the early 2000s
(28, 39). MDR-TB is defined as TB caused by M. tubercu-
losis that is resistant to at least isoniazid and rifampicin in
standardized laboratory tests — the two most important
anti-TB drugs. Until 2021, XDR-TB was defined as
MDR-TB plus resistance to at least the two most import-
ant second-line drugs, fluoroquinolones and aminoglyco-
sides (including capreomycin). As novel therapeutics were
approved and became widely available, in 2021 XDR-TB
was redefined by the World Health Organization (WHO)
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as MDR-TB plus resistance to the fluoroquinolone plus
either bedaquiline or linezolid, the two remaining first-
choice drugs for MDR-TB. Today, drug-resistant TB Kkills
approximately 230,000 people annually, one-third of all
AMR-associated deaths.

Tuberculosis not only has a heavy toll in human suffer-
ing and death but also in healthcare costs. In South Africa,
for example, one of the countries with high TB burdens, the
per patient cost of XDR-TB was US$26,392; MDR-TB,
US$6,772; and drug-sensitive TB, US$257 (40). These costs
consume a disproportionate share of each country’s TB
control program budget (40, 41). Deaths attributed to
drug-resistant TB overall in 1 year cost the global economy
at least US$17.8 billion in future gross domestic product
loss, mainly in LMICs (41). Lost productivity during the
illness itself and treatment costs result in a further loss of at
least US$3 billion (41). These numbers, however, are under-
estimated because less than one-third of people with

drug-resistant TB receive a diagnosis and are recorded; of
those, only one in four starts treatment (7, 41). Those
untreated individuals remain contagious in society, putting
anyone at risk. Recent work in South Africa suggests most
of their XDR-TB may result from recent airborne trans-
mission (42). Indeed, more research is needed to under-
stand the role of primary transmission and the neglect of
airborne infection prevention and control (IPC) in the
MDR-TB pandemic (43, 44). In certain large countries,
drug-resistant TB is increasing, gradually replacing drug-
susceptible TB which is declining (41). Yet, the Global
Fund spends far less on TB than on HIV or malaria; fund-
ing for TB from all sources is woefully inadequate (41).

Unlike other infectious diseases, however, the global
response to drug-resistant TB was propelled by two major
shocks coinciding with a massive resurgence of TB world-
wide, leading WHO to declare a global emergency (45)
(Figure 1).
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Fig. 1. In 1994, the World Health Organization declared tuberculosis to be a global health emergency after decades of neglect
from public health authorities worldwide. (Reproduced with permission.)
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First, in the early 1990s, more than a dozen outbreaks of
MDR-TB first in the USA, then Argentina, Italy and other
countries caused worldwide alarm—90% of patients died
within weeks of diagnosis, airborne transmission put every-
one at risk, and healthcare workers were being infected. TB
was the front cover of Newsweek Magazine (16 March
1992) (46). Outbreaks were subsequently reported in many
countries, revealing that a stealth pandemic of potentially
massive dimensions had gone undetected.

Second, in 2006, Shah ez al. first reported the global emer-
gence of a new entity, extensively drug-resistant (XDR) TB
that was functionally untreatable (28, 47). While the “X”
capitalized on popular culture, it also conveyed the gravity
of resistance so severe that there was no satisfactory

treatment (47). Widespread public attention and alarm
exploded several months later when Gandhi ez al. reported
from South Africa the first outbreak of XDR-TB, with 52 of
53 individuals dying in a median of two weeks (48).

In 2013, drug-resistant tuberculosis was on the cover of
Time magazine (Figure 2). This level of publicity led to
action at the highest levels — from national governments,
multilateral agencies, funding organizations, industry;
and from medical, public health, and affected communi-
ties, including WHO, the US Centers for Diseases Control
and Prevention, South Africa, the government of India,
and many others (47, 49-52).

Indeed, in 2009 the World Health Assembly for the first
time called explicitly for appropriate diagnosis and

S threatens us all
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Fig. 2. In 2013, Time Magazine put drug-resistant tuberculosis on its front cover raising public awareness of this widespread
threat to public health and to tuberculosis control programs. (Reproduced with permission.)
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treatment not only for TB in general, but for drug-resis-
tant TB explicitly. Early efforts cultivating MDR-TB
treatment programs in LMICs worldwide ripened into
nationwide programs and their experiences led to robust
WHO guidelines focusing on drug-resistant TB (53-57).
Governments, donor agencies, biomedical technology,
and pharmaceutical companies started investing in
research and development directly related to MDR-TB,
from basic science to large epidemiological studies and
randomized controlled clinical trials (58-65). Four years
later, WHO first endorsed Xpert MTB/RIF™, a revolu-
tionary rapid molecular test that transformed diagnosis
for both drug-resistant TB and TB in general worldwide
(66). Then, by 2014, WHO approved two new drugs,
bedaquiline and delamanid, for the treatment of MDR-TB
(67, 68). In 2019, a novel three-drug regimen, including
the new drug pretomanid, was approved by the US Food
and Drug Administration for XDR-TB and selected
MDR-TB patients (69, 70). The outlook for drug-resistant
TB is less grim than it has been since the 1990s (71).

Laboratory systems and drug-resistance surveillance
The MDR-TB outbreaks of the 1990s were obviously only
the visible tip of a massive iceberg of MDR-TB in the popu-
lation of unknown dimensions. Airborne, mainly nosoco-
mial, transmission was the proximate cause. These outbreaks
spotlighted widespread deficiencies in diagnostics and labo-
ratory systems, surveillance systems, and resource allocation.
Because of the tragic and costly consequences, resources
were allocated leading to concerted action followed by
remarkable results. Because of airborne transmission of
pathogens besides M. tuberculosis as well as common labora-
tory contaminants, the lessons learned apply to microbiol-
ogy laboratories and surveillance systems broadly.

Mounting a response, however, required first quantify-
ing the magnitude, distribution, and trends; otherwise,
responses would be blind. Wisely, as the first step, WHO,
the International Union Against Tuberculosis and Lung
Disease (the Union), and the directors of leading myco-
bacteriology reference laboratories set up a global surveil-
lance system for drug-resistant TB, providing crucial
quantitative information on magnitude, distribution,
trends, risk factors, and outcomes that are now used ubiq-
uitously to benchmark national MDR-TB programs
(72-74). Over time, the Supranational TB Reference
Laboratory (SRL) Network and Global Project on
Anti-TB Drug Resistance Surveillance (https://www.who.
int/tb/areas-of-work/laboratory/srl-network/en/)  helped
develop national reference laboratories and, in turn,
national laboratory networks and surveillance systems
globally (75, 76). Having quantitative information or sci-
ence-based best estimates for every country has been
foundational in every aspect of global and national
responses to drug-resistant TB.
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The lesson that applies to all pathogens is that labora-
tories and surveillance are crucial. Countries can build on
the recent WHO, UK, EU, and US reports (2, 8, 31, 32,
77), taking an important step toward halting the alarming
spread of pan-resistant pathogens by establishing labora-
tory systems, drug-resistance testing, and reporting/sur-
veillance systems, as well as expanding these services as
rapidly as practicable. Advances in rapid molecular diag-
nostic technologies at or near the point of patient care are
transforming diagnostics and surveillance systems, mak-
ing them far more accessible and practical. Routine test-
ing and surveillance of drug resistance among priority
pathogens and dissemination/use of these data are crucial
components of systems designed to contain and control
drug-resistant pathogens.

The 2015 advent of the Global Antimicrobial
Resistance Surveillance System was a major step in this
direction. The Center for Disease Dynamics, Economics,
and Policy disseminates these data with its web-based,
interactive data visualization tool ResistanceMap (https://
resistancemap.cddep.org/). This system and other surveil-
lance systems focused on drug-resistant infections would
do well to disaggregate infections among HCWs both to
protect these essential workers and to monitor them as a
sentinel population.

Healthcare-associated infections, healthcare
workers, and infection prevention and control
Following the spate of institutional MDR-TB outbreaks
in the early 1990s, many high-income countries mandated
IPC measures through worker protection laws and regula-
tory bodies. In contrast, measures to prevent institutional
transmission of M. tuberculosis and other pathogenic
microbes in LMICs have not yet been widely implemented
or have been implemented poorly. HCWs have a much
higher risk of TB, ranging from three times to 20 times
higher than same-age peers in other jobs, not to mention
other airborne infections (78, 79, 80).

Apart from TB, other pathogens are airborne; measles
and varicella zoster virus are the two main examples, but
SARS-CoV2 may also be transmitted by the airborne
route. From the environment, Legionella, fungal spores can
be aerosolized, as well as Aspergillus, Histoplasma, and
Coccidioides, infecting people through the respiratory route
(81, 82). Small droplet transmission differs, but IPC pre-
cautions overlap. Proper transmission-based precautions
would prevent the spread of all these infections; hence,
incorporating airborne and small droplet precautions into
universal precautions as well as into surveillance systems
and WHO program indicators would help protect HCWs
and prevent transmission to their contacts both inside and
outside the workplace for all these pathogens.

Apart from airborne infections, HCWs are at tremen-
dous risk of becoming infected during outbreaks of

(page number not for citation purpose)


http://dx.doi.org/10.3396/ijic.v17.20840
https://www.who.int/tb/areas-of-work/laboratory/srl-network/en/
https://www.who.int/tb/areas-of-work/laboratory/srl-network/en/
https://resistancemap.cddep.org/
https://resistancemap.cddep.org/

). Peter Cegielski et al.

infectious diseases, often accounting for a large propor-
tion of cases. During the 2002-2004 SARS epidemic, for
example, 28-51% of cases in two of the highly affected
countries were among HCWs (83, 84). HCWs are exposed
not only to airborne pathogens but also to pathogens
transmitted by respiratory droplets, blood/body fluids and
direct/indirect contact/fomites. What would happen if
increasing numbers of HCWs, fearing for their own safety,
refused to work? HCWs should be protected, compen-
sated for hazardous duty (e.g. as in the Russian
Federation), and protected financially if they develop
occupational diseases. Occupational diseases and deaths
should be identified and reported diligently (85).

Drug-resistant organisms have repeatedly been first
described in acute care facilities, and their impact is often
worst in healthcare settings. MDR-TB is a prime example.
In addition to the seven priority pathogens identified by
WHO or the six pathogens reviewed by O’Neill et al.,
AMR emerges and spreads for virtually all pathogens
treated with antimicrobial agents (2, 8, 32, 86, 87).
Preventing and controlling infections is tied quantitatively
to lowering the use of antibiotics, including in animal hus-
bandry, and therefore emergent drug resistance.

Nevertheless, O’Neill et al. state that ‘IPC [infection
prevention and control] is too often seen as a cost pres-
sure, rather than a means to deliver better value and better
outcomes for patients; managers and senior clinicians
often give it insufficient focus as a result’ (78). As a result,
IPC programs are chronically under-resourced.
Unfortunately, IPC practices are not routine despite their
potential benefit and impact, especially in settings with
limited resources. Surveillance among HCWs and in
healthcare facilities is rudimentary in most LMICs.

How can this agenda move forward? Standardized sur-
veillance worldwide has been central in the response to
MDR-TB. Surveillance is crucial to preventing HAIs (87).
In LMIGCs, surveillance among HCWs for TB, especially
drug-resistant TB, and for other HAIs, especially AMR
infections, is lagging far behind other surveillance efforts
despite their importance as a sentinel population.
Including HCWs in surveillance systems would provide
accurate estimates of magnitude, trends, risk factors, and
outcomes, which are the foundations of an appropriate
response.

Training and political commitment are crucial to efforts
to ensure HCW safety. The International Council of
Nurses, the US Agency for International Development
(USAID), US CDC, WHO, Harvard/Partners in Health,
and other non-governmental organizations such as the
Union, PATH, Services for Health in Asian African
Regions (SHARE), International Center for AIDS Care
and Treatment Programs (ICAP), Project Hope, Stop TB
Partnership, and the Royal Dutch Anti-TB Foundation
(KNCV) have been engaged in promising initiatives in
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countries of the former Soviet Bloc (including Latvia, the
Russian Federation, and Tajikistan), Latin America
(Peru), sub-Saharan Africa (South Africa and Malawi),
India, and China (88-95). Over the past two decades, the
authors have had the opportunity and privilege to help
develop and work with highly successful Centers of
Excellence in Riga, Latvia; Vladimir, Russian Federation;
and Dushanbe, Tajikistan. Launched with USAID sup-
port, these centers have become self-sustaining training
and consulting organizations for professionals through-
out the world, resulting in substantial improvements in
the participants’ home institutions and countries. Such
training institutes could play an important role in the IPC
response to AMR and HAI

Laboratories and laboratory networks in LMICs bene-
fitted greatly from collaboration with the SRL network
and participation in the global anti-TB drug resistance
surveys. Similarly, to address the threat of occupational
risk among HCWs and of AMR more broadly, LMICs
could benefit from the experience gained with IPC and
antibiotic stewardship programs in countries that have
already implemented cost-effective measures. Many 1PC
experts from both high-income countries and LMICs
would welcome the opportunity to work with colleagues
in LMICs to strengthen IPC programs.

To protect HCWs, health systems and facilities at all
levels should consider making IPC a foundational prior-
ity. Airborne IPC, including TB specifically, should be
integrated into general IPC at every level to prevent the
transmission in facilities of airborne pathogens in gen-
eral, especially drug-resistant pathogens. This type of
expertise generalizes to other airborne infections. During
the SARS epidemic of 2002-2004, the US CDC deployed
experts from the Division of TB Elimination because of
their expertise in airborne infections. Coordinated efforts
across all levels of healthcare providers and systems have
demonstrated clear impact in reducing levels of HAIs
and drug resistance as evidenced by sharp reductions
in methicillin-resistant Staphylococcus aureus, health-
care-associated TB, Clostridioides difficile, catheter-
associated bloodstream infections, and surgical site
infections in countries where governments, regulators,
and health system leaders established IPC as system-wide
priorities (32, 78).

Programmatic initiatives often bundle together IPC
policies and practices, making it difficult to determine the
cost-effectiveness of any specific practice or technology.
Even modest funding for targeted studies, such as the US
CDC'’s Study on the Efficacy of Nosocomial Infection
Control, could demonstrate the efficacy and cost-
effectiveness of interventions to improve IPC (96, 97).
Preventing one case of TB in the United States saves an
average treatment cost of US$17,000 for drug-susceptible
TB or US$175,000 for MDR-TB; globally, the
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corresponding median figures are US$973 and US$6,430,
respectively (7, 98). Therefore, strong economic argu-
ments favor vigorous programs (33). Although the total
economic cost of AMR is difficult to calculate, in 2009,
the European Centre for Disease Prevention and Control
and the European Medicines Agency estimated that the
overall cost for the EU in terms of extra healthcare costs
and productivity losses totaled at least €1.5 billion
(approximately US$1.63 billion) each year (6). For the
United States, estimates are as high as US$20 billion in
excess direct healthcare costs, with additional costs to
society for lost productivity as high as US$35 billion a
year (86).

O’Neill et al. identified a fundamental lack of effective,
informed leadership in IPC programs and activities:

‘Ultimately, to embed better practices within any
organisation requires effective internal leadership
and professional ownership. Greater value must be
placed on prevention, treatment, and control of
infectious diseases. Too often, the person responsible
for IPC [infection prevention and control] in an
organisation is relatively junior, and formal stan-
dards for accreditation are limited. Consequently,
individuals responsible for overseeing and improving
IPC may lack the influence necessary to guide budget
and procurement decisions, or to change engrained
practices and shift priorities across multiple clinical
disciplines. Top-down priority and target setting can
be no substitute for strong, empowered leadership at
the front line’. (78)

In many countries, IPC professionals are often nurses
who may not have specialized training in IPC. In a recent
analysis of reports of external expert TB program reviews,
IPC was not explicitly included in three of seven low-
income African and Asian countries. Implementation was
variable, from lacking to laudable (99). Programs focused
prevention and screening efforts on children, prisoners,
refugees (in certain countries), and HIV clinics, but not on
healthcare facilities in general.

Screening HCWs to assess their risk relative to the
population is important for monitoring nosocomial
infections, especially AMR infections, as well as the
effectiveness of IPC programs as has been done for
decades in the Russian Federation and throughout
countries from the former Soviet Union. WHO collects
data on TB notification among HCWs, although notifi-
cation is incomplete (7). Specifically, WHO states, ‘The
risk of TB among healthcare workers relative to the risk
in the general adult population is one of the indicators
recommended by WHO for measuring the impact of
interventions for TB infection prevention and control in
healthcare facilities’ (7). Resources, infrastructure (e.g.
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crowding and poor ventilation) and training were uni-
versal themes. Countries could consider including their
ministries of health and HCWs in labor laws and regu-
lations focused on occupational health because, too
often, these groups are omitted, leaving HCWs to slip
through the gaps. For example, surveillance among
HCWs was highly variable in an analysis of TB pro-
grams in seven low-income African and Asian countries
(99). Reports from China and South Africa provide fur-
ther examples of TB surveillance among HCWs
(100, 101).

Fragmentation and coordination

The slow pace of implementing proper IPC practices
and policies is partially due to fragmentation among [PC
professionals into a kaleidoscope of distinct domains,
each with its own science, its own publications and pro-
fessional societies, and its own pathogens. Yet drug resis-
tance has evolved to nearly all pathogens over decades,
stepwise one pathogen to one drug (or class of drugs) at
a time. We are responding to a universal phenomenon
with pathogen-specific, piecemeal solutions. Seeing the
broader picture, it makes sense to integrate solutions to
achieve synergy.

At the same time, the public health responses to these
infections are compartmentalized at the highest levels.
For example, WHO’s first global priority list of antibiot-
ic-resistant pathogens published in 2017 did not include
viruses, parasites, fungi, or even TB, the leading cause
of death due to drug-resistant bacteria, leading to con-
troversy and acrimony (2, 102-104). Leading propo-
nents of public health globally may help overcome
this fragmentation by insisting on collaboration.
Fragmentation causes different groups to work at
Cross-purposes.

For TB, IPC interventions in certain countries have
been implemented mainly in the context of HIV, such as
through the U.S. President’s Emergency Plan for AIDS
Relief (PEPFAR) or WHO’s 3-I’s initiative, not in general
healthcare facilities or community settings. These efforts
could now move beyond focusing solely on HIV-
associated facilities, just as TB IPC with funding from
PEPFAR is moving beyond focusing efforts exclusively in
HIV settings. The Global Fund against AIDS, TB, and
Malaria (GFATM) may serve as a platform for fostering
IPC and AMR initiatives across diseases by requesting
applications to include an IPC risk assessment/review, a
strategic plan for addressing IPC gaps, and funding to
implement the strategy. Fostering cooperation across TB,
HIV, hepatitis B and C, as well as other infectious disease
programs could be prioritized. The WHO/Stop TB
Partnership’s Green Light Committee, which works
closely with the Global Fund, established an effective
precedent by requiring applicants to include IPC in their
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applications for support in setting up MDR-TB pro-
grams (105).

Cooperating and coordinating across disciplines and
diseases require leadership. To adapt our stewardship of
all antimicrobial agents, we should handle them as pre-
cious resources, not as food additives for livestock or
home remedies. The O’Neill report, the US Combating
Antibiotic Resistant Bacterial Strategy and Plan, and
WHO reports on antimicrobial resistance may be
extended to cover all pathogens prioritized based on epi-
demiology, not on department, identifying and acting on
common structural themes and comprehensive solu-
tions (106-108). The UN’s Inter-Agency Coordinating
Group on Antimicrobial Resistance and the multilateral
Global Health Security Agenda, launched in 2014 in
the wake of transnational outbreaks and the threat of
AMR, may serve as a model; these organizations are
based on a strategy of comprehensive and structural
solutions, including biosafety and IPC, HCW, and AMR
as core elements.

Communication, social change, and social/
behavioral sciences

The response to MDR-TB was driven not so much by
resurgent TB, because TB had always been present, but by
the sudden risk and fear of lethal, highly drug-resistant
TB. What pushed the response was the degree of public
attention and alarm causing policy makers to act.

Even though the threat of AMR is manyfold greater,
both the threat and the messaging around the threat are
too repetitive and incremental to lead to concerted social
action on a broad scale. Humankind is neurologically
hardwired to respond to sharp contrasts, sudden changes,
and acute threats (109). When faced with insidious, incre-
mental, or indirect threats, that same wiring leads to inac-
tion, especially in complex social and political contexts.
We do not respond with nearly the same vigor to a pre-
ventable, curable infection, such as TB, that kills over
4,000 people every day, year after year, than when smaller
numbers die in an acute, unexpected event such as an air-
plane crash, an act of terrorism, or an explosive epidemic.
The broader fields of AMR and of IPC could harness
communications and action strategies that effectively
influence behavior and policy, transforming sudden events
into opportunities for leadership by responding decisively
with coordinated and determined communication fol-
lowed by action.

At the same time, we cannot wait for disasters and
emergencies. In addition to focusing on the sciences of
microbiology, pharmacology, and epidemiology, we may
also engage the sciences of communication, social change,
and human behavior. Such work might help identify low-
cost, practical, but effective means of improving IPC and
reducing AMR in countries at all income levels (110, 111).

(page number not for citation purpose)

We suggest engaging social scientists, marketing experts,
advertising agencies, thespians of all types and film mak-
ers, artists and musicians, social media experts, political
and industry leaders to become both more active and
more creative about the social changes that are needed to
prevent the nightmare scenario of 10 million deaths per
year and trillions of dollars in economic losses due to bur-
geoning antimicrobial resistance.

Our former affiliation with the US Centers for Disease
Control and Prevention (JPC and PAJ) prevents us from
making specific recommendations because CDC has spe-
cific channels through which it makes formal US govern-
ment guidelines and recommendations. That said, to recap
the salient points, from the perspective of our leadership
positions at regional, national or global programs, these
have been our priorities in professional practice related to
MDR-TB that may apply to AMR more broadly:

e Prioritizing comprehensive IPC, data-driven by HCW
surveillance, supported by laboratory testing for AMR,
targeting transmission-based precautions, and includ-
ing airborne IPC measures.

* Because effective surveillance is the foundation of pub-
lic health, supporting surveillance systems to be accu-
rate, timely, and informative is a fundamental priority,
including sentinel populations and antimicrobial resis-
tance by pathogen, by drug, and by location.

* Investing time and resources in robust, biosafe public
health microbiology laboratories and networks has
always been and remains an important priority, both
infrastructure and human capacity to identify patho-
gens specifically, promptly, and test them for drug
resistance, emphasizing rapid and affordable point-of-
care tests made widely available

* Ensuring effective, professional and public communi-
cations, promoting social mobilization, and engaging
leaders and champions who are highly visible in popu-
lar culture.

* Developing training centers and demonstration sites
from the beginning of our international work.

* Engaging multilateral organizations, national and
regional governments, major funding organizations,
nongovernmental organizations, and civil society.

Conclusions

Most people are not aware of the precipice in new antimi-
crobial drugs because development, regulatory approval,
and commercialization of final products lag behind dis-
covery by 10-20 years, creating the false impression of
new drugs. Chemical variations on a prototype com-
pound are further developed sometimes over decades,
contributing to this illusion. The “TB world’ went over
this cliff of drug resistance 25 years ago. Public alarm
pushed governments, multilateral organizations, industry,
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and nongovernmental organizations to focus on
MDR-TB and its progeny, and many countries took reg-
ulatory action requiring diligent attention to IPC. Today,
AMR is an imminent calamity facing humankind on an
even greater scale, but it has just begun to receive broader
attention and targeted resources. AMR has not yet
reached the level of public alarm necessary for an effec-
tive response. Attention to IPC has been inadequate.
Addressing IPC, especially in the context of AMR, col-
lectively and urgently requires action and coordination
across domains. Quantitation is foundational, that is,
resourced, coordinated laboratory networks and surveil-
lance systems that include data on the risk to HCWs,
especially due to AMR infections. HCWs are the front-
line of defense and the most important sentinel popula-
tion in terms of emerging and epidemic infectious
diseases. Comprehensive IPC, including airborne patho-
gens, surveillance among healthcare workforce, and anti-
biotic stewardship are crucial for public health policy and
programs. Addressing these issues will require capacity
building, infrastructure, training, and resources. The
structures for coordinated responses to infectious disease
threats that are being put into place and are leading global
and national responses would do well to focus on AMR
and on IPC. High-income countries can help build capac-
ity and an evidence base for LMIC. Coordination, leader-
ship, and communication would do well to incorporate a
broad range of stakeholders, especially social and behav-
ioral sciences, to change our current trajectory and avoid
widespread, untreatable infectious diseases.
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