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INTRODUCTION

Infectious diseases were responsible for the largest
global burden of premature death and disability until
the end of the twentieth century, when that distinction
passed to noncommunicable diseases. Over the previ-
ous centuries, global pandemics of infectious diseases,
such as smallpox, cholera, and influenza, periodically
threatened the survival of entire populations. At least as
early as the late 1800s, improved living conditions
(such as better sanitation and piped water supplies),
particularly in high-income countries (HICs), began to
drive down the infectious disease burden.

By the mid-twentieth century, safe, effective, and
affordable vaccines and the increasing availability of
antibiotics had further reduced the toll of infectious
diseases in HICs. Not until the second half of the
twentieth century did large-scale efforts begin to better
control infectious diseases in low- and middle-income
countries (LMICs), where the infectious disease
burden was greatest and highly varied. These efforts
included a global commitment to immunize the
world’s children against the major infections for which
vaccines are available and global campaigns to control
malaria and diarrheal disease. The International Health
Regulations of the World Health Organization (WHO)
represent a key agreement among 196 countries to
implement metrics and measures to detect and control
outbreaks of infectious diseases and to prevent pan-
demics (World Health Assembly 2005).

Global under-five mortality fell by almost two-thirds
(from 14 percent to 5 percent) between 1970 and 2010
(Norheim and others 2015). In 1980, smallpox, respon-
sible for 300 million—500 million deaths in the twentieth
century, was declared to be the first disease eradicated
from the planet following a global immunization cam-
paign led by the WHO. Wild Poliovirus has been elimi-
nated from all but three countries (Afghanistan, Nigeria,
and Pakistan) and currently is the focus of a major
eradication program.

The decline of the vaccine-preventable diseases has
contributed to a recognition of the potential for using
vaccines to prevent other infectious diseases, including
human immunodeficiency virus/acquired immune defi-
ciency syndrome (HIV/AIDS), tuberculosis (TB),
malaria, hepatitis C, and a variety of neglected tropical
diseases (NTDs). Hepatitis B and C substantially increase
the risk of death from cirrhosis and liver cancer. The
effect of viral hepatitis is significant. Indeed, an impor-
tant recent study (Stanaway and others 2015) found that
viral hepatitis led to an estimated 0.9 million deaths in
1990 (including hepatitis-caused deaths from cirrhosis
and liver cancer). Furthermore, this number has been
increasing rapidly—to an estimated 1.5 million deaths
in 2013—despite the fact that hepatitis B is a vaccine-
preventable disease and that hepatitis B and C are
both treatable.

Emerging pandemic viral infections remain a con-
stant threat, many entering the human population from
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contact with animals. The most recent such infections
include SARS (severe acute respiratory syndrome), MERS
(Middle East respiratory syndrome), and Ebola and Zika
viruses (Madhav and others 2018) as well as, perennially,
influenza and chikungunya infections. Compared with
antibiotics to treat bacterial infections, relatively few anti-
viral drugs have been developed to treat these emerging
viral infections. Therefore, the most important interven-
tion is to break the chain of transmission. A global increase
in antibiotic-resistant bacteria includes a small but grow-
ing number that are resistant to most or essentially all of
the available antimicrobials.

Spectacular progress has been made in reducing mor-
tality from most infectious diseases (table 1.1). For
example, in low-income countries (LICs) from 2000 to
2010, the number of deaths before age 70 years from
HIV/AIDS, TB, and malaria fell by 46 percent, 35 percent,
and 36 percent, respectively (Norheim and others 2015).
Rapid progress was also reported in other country
income groups. However, table 1.1 shows also that if the
death rates of 2010 remain static, about 5.1 million peo-
ple will still die in 2030 from these three conditions and
from other communicable diseases, many of which are
concentrated in LMICs. In contrast, mortality in HICs
from these conditions (except for HIV/AIDS) will be
relatively small, although major pandemics of other
pathogens are not predictable. Hence, infectious diseases
will remain a major threat to humankind, especially in
LMICs, requiring vigilance, surveillance, and new inter-
ventions of all types.

APPROACHES TO INFECTIOUS DISEASE
CONTROL IN THE TWENTY-FIRST CENTURY

Vaccines and curative treatments for some of the major
infectious diseases have existed for decades. Many of
them are relatively inexpensive and highly cost-effective,
yet many are underused because of cost and lack of
access attributed to poorly functioning health care sys-
tems. New drugs and vaccines will continue to be the
mainstays in preventing and treating infections, but
delivery of such interventions will be critical to driving
down the burden of infection.

An ultimate goal for selected infections is eradication.
To date, only two diseases—smallpox in humans and
rinderpest in cattle and other ruminant animals—have
been eradicated. Elimination of polio, yaws, and Guinea
worm infections is being pursued. This is a more distant
butstill possible goal for malaria (Shrettaand others 2017).
A handful of other infections—such as measles,
mumps, rubella, lymphatic filariasis, and cysticercosis—
are candidates for elimination because of disease char-
acteristics or the available means to control them (CDC
1993). Those infectious diseases that persist require
continued effort to develop new drugs and vaccines for
treatment and prevention as well as strategies that
allow such treatments to be used most effectively
across the globe. Despite the development of new
drugs to combat infectious diseases, antimicrobial
resistance is threatening to remove many of the tools
in our current armamentarium.

Table 1.1 Projected 2030 Mortality and 10-Year Trends for Selected Infections, by Country Income Group

Deaths Change Deaths Change Deaths Change Deaths Change Deaths
in 2030 (% per in 2030 (% per in 2030 (% per in 2030 (% per in 2030
(millions) decade)® (millions) decade)* (millions) decade)* (millions) decade)® (millions)
Cause Low income Lower middle income  Upper middle income High income Global®
HIV/AIDS 0.92 -46 0.76 0 0.41 17 <0.01 — 2.10
Tuberculosis 0.32 -35 0.65 -43 0.14 -52 <0.01 — 112
Malaria 0.37 -36 0.33 -28 0.02 — <0.01 — 0.73
Other 0.35 -23 0.59 -15 0.14 -30 0.05 — 1.13
communicable
diseases?
All causes 8.62 -24 18.11 -16 11.60 -23 3.00 -16 41.33
Source: Norheim and others 2015.
Note: — = not available; HIV/AIDS = human immunodeficiency virus/acquired immune deficiency syndrome. Table estimates the number of deaths before age 70 years (age 0-69

years) that would occur in 2030 if the rate of change (percentage per decade) during 2000-10 were to continue for standardized death rates of those under age 70 years in each

country income group (as classified by the World Bank).
a. “Change (% per decade)” = percentage change during 2000-10.

b. “Other communicable diseases” mostly align with other infectious conditions covered in this volume (such as hepatitis, sexually transmitted infections, and neglected

tropical diseases) but not completely for some diseases (for example, meningitis).
¢. Global totals are by summation of each of the four regions.
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Infection Control: Targeting and Integration of
Specialized Services

One approach—targeting settings and populations
with the highest transmission rates—is being used to
improve HIV/AIDS control. The continued emergence
of new pandemics, like Ebola, will be addressed with
similarly targeted approaches. However, for the ongoing,
highly prevalent infections in LMICs—TB, hepatitis,
sexually transmitted infections (STIs), malaria, typhoid,
and other febrile illnesses—the future lies in improving
and integrating services at the primary care level and up
the chain to the highest levels of hospital care.

The high incidence of comorbidities—such as TB
and viral hepatitis in immunocompromised persons
with HIV infection—calls for integration of HIV, TB,
and viral hepatitis diagnosis and treatment. Patients who
are seen in STI clinics and their sex partners have an
elevated risk of having another STI, such as HIV infec-
tion. Therefore, integration of HIV testing, care, and
evaluation of sex partners into all STI clinic settings
offers opportunities for efficiently managing this set of
infections. Selected populations for whom specialized
services are already the norm (such as pregnant women)
can receive additional attention. This may include
screening for HIV and syphilis (see chapter 6 of this
volume, John-Stewart and others 2017).

Health care service integration at this level requires
strategic planning. For example, integration of HIV and
TB diagnosis and management must be done in ways
that are safe: crowded clinics with long waiting times
create a perfect opportunity for TB transmission from
someone with active TB to an immunosuppressed HIV
patient. Integrated, population-level intervention pack-
ages can focus not only on interventions that are
financed mainly by the health sector, such as increased
immunization and treatment, but also on interventions
related to the agriculture or infrastructure sector (and
financed mainly by those ministries, not the health min-
istry), such as the following:

+ Improve access to sanitation, clean water, and hygiene.

+ Reduce population growth and crowding.

+ Decrease day-to-day close contact with animals.

+ Change the environments that sustain vectors of
important pathogens.

A related cross-sectoral priority is preventing antimi-
crobial resistance through the development, availability,
and use of affordable diagnostics to guide appropriate
antimicrobial use in humans, while also enforcing poli-
cies to prevent nontherapeutic use of antimicrobials as
growth promoters in livestock.

Importance of Rapid Differential Diagnosis in
Infection Control

Even for infectious diseases requiring specialized services,
many infections will initially be diagnosed or suspected
at the primary care level or first-level hospital and then
referred to a second- or third-level hospital. Many infec-
tious illnesses are caused by pathogens that can be life
threatening. This makes differential diagnosis—based in
part on symptom assessment, clinical manifestations,
physical exam, medical history, history of exposures, age
and gender, laboratory testing where available, and avail-
ability of treatment—the key to population infection
control (Burnett and others 2016).

The widespread adoption of rapid tests for malaria
diagnosis is an example of an easy-to-use diagnostic
that has vastly improved malaria treatment in many
places. Rapid point-of-care tests are available for HIV,
hepatitis C, influenza, and syphilis but are still in devel-
opment for some other infections. In addition, conven-
tional microbiology is being transformed by molecular
testing, which could be available even in LICs within the
decade. A series of publications illustrates the significant
effect of integrated infectious disease training on diag-
nosis (in Uganda) and infectious disease management
(Imani and others 2015; Weaver and others 2014)

This volume focuses on major infectious diseases that
are common in LMICs, particularly among adults
(see box 1.1). Unlike most of the serious infections that
predominate among children, many of these are long-
lived chronic infections (including some acquired as
children). The perspective includes an emphasis on what
has changed since the first edition of Disease Control
Priorities in Developing Countries in 1993 (box 1.2).
We first review the major interventions for priority infec-
tious diseases, namely HIV/AIDS, other STIs, TB, malaria
and other febrile illnesses, hepatitis, and NTDs. We then
address the cross-cutting issues of antimicrobial resistance.

I
Box 1.1

Volume Focus: Infectious Disease Control

This volume focuses on control of the major
infectious diseases. Infectious disease control
involves not only prevention of transmission and
spread of infectious disease at the population
and individual levels, but also effective treatment
and cure of infectious diseases in individuals.
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Box 1.2

Comment by the Series Editors of Disease Control Priorities, Third Edition

Budgets constrain choices. Policy analysis helps
decision makers achieve the greatest value from
limited resources. In 1993, the World Bank pub-
lished the first edition of Disease Control Priorities
in Developing Countries (DCPI), which sought to
assess systematically the cost-effectiveness (value
for money) of interventions that would address
the major sources of disease burden in LMICs
(Jamison and others 1993). The World Bank’s 1993
World Development Report on health drew heavily
on the findings in DCPI to conclude that specific
interventions against noncommunicable diseases
were cost-effective, even in environments where
substantial burdens of infection and undernutrition
persisted (World Bank 1993).

Disease Control Priorities in Developing Countries,
second edition (DCP2), published in 2006, updated
and extended DCPI in several respects, explicitly
considering the implications for health care systems
of expanded intervention coverage (Jamison and
others 2006). One way that health care systems can
expand coverage of health interventions is through
selected delivery platforms for those interventions
that require similar logistics but address heteroge-
neous health problems. Platforms often provide a
more natural unit for investment than do individual
interventions, but conventional health economics
has offered little understanding of how to make
choices across platforms. Analysis of the costs of
packages and platforms—and of the health improve-
ments they can generate in given epidemiological
environments—can help guide health care system
investments and development.

This third edition of Disease Control Priorities
(DCP3) introduces the notion of packages of inter-
ventions (Jamison and others 2015-18). Whereas
“platforms” refer to logistically related sets of inter-
ventions, “packages” comprise conceptually related
ones. (The 21 packages of interventions developed
in the nine volumes of DCP3 include those targeting
surgery and cardiovascular disease, for example.) In
addition, DCP3 explicitly considers the financial risk
protection objective of health care systems. In popu-
lations lacking access to health insurance or prepaid
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care, medical expenses that are high relative to
income can be impoverishing. Where incomes are
low, seemingly inexpensive medical procedures can
have catastrophic financial effects. DCP3 considers
financial protection and the distribution across
income groups of the outcomes from policies (for
example, public financing of health care) to increase
intervention uptake and to improve delivery quality
(Verguet, Laxminarayan, and Jamison 2015). All of
the volumes seek to combine the available science
about interventions implemented in specific locales
and conditions with informed judgment to reach
reasonable conclusions about the effects of interven-
tion mixes in diverse environments. DCP3’s broad
aim is to delineate essential intervention packages—
such as those, in this volume, for major infectious
diseases—and their related delivery platforms. This
information will assist decision makers in allocating
often tightly constrained budgets and achieving
health care system objectives.

Four of DCP3’s nine volumes were published in 2015
and 2016, and the remaining five will appear in 2017
and 2018. The volumes appear in an environment in
which serious discussion continues about quantifying
and achieving the Sustainable Development Goal
(SDG) for health (UN 2015b). DCP3’s analyses are
well placed to assist in choosing the means to attain
the health SDG and assessing the related costs. These
volumes, and the analytic efforts on which they are
based, will enable researchers to explore SDG-
related and other broad policy conclusions and
generalizations. The final volume will report those
conclusions. Each volume will provide specific pol-
icy analyses on the full range of interventions, pack-
ages, and policies relevant to its health topic.

Dean T. Jamison

Rachel Nugent

Hellen Gelband

Susan Horton

Prabhat Jha

Ramanan Laxminarayan
Charles N. Mock



We provide updated estimates of the cost-effectiveness of
the major sets of interventions, recognizing that there are
large knowledge gaps concerning the economics of many
conditions in LMICs. We conclude by outlining future
strategies that are relevant to continued progress against
these major infectious diseases.

MAJOR INFECTIOUS DISEASES IN THIS
VOLUME

HIV/AIDS and Other Sexually Transmitted Infections

HIV/AIDS, the worst human pandemic since the 1918
influenza epidemic, has accounted for more than
25 million deaths since it was first identified in 1981 and
it has hit Sub-Saharan Africa the hardest. However, the
tide is beginning to turn as life-extending antiretroviral
treatment (ART) and preventive interventions are scaled
up and as sexual behaviors may have become less risky in
many settings.

Antiretroviral drugs are now widely available in
most settings and are highly affordable at US$315 per
person per year (UNAIDS 2015). Worldwide, 17 million
HIV-infected people are receiving these life-extending
drugs—animpressivenumber given that only2.2 million
people were on ART in 2005. However, this number is
still far short of the Joint United Nations Programme
on HIV/AIDS (UNAIDS) target to treat the 37 million
people currently living with HIV. The estimated

number of deaths annually from HIV/AIDS has
declined from 2 million in 2005 to 1.1 million in 2015,
the lowest number since 1998 (UNAIDS 2015, 2016).
Yet AIDS still ranks sixth among the global causes of
death—and first in Sub-Saharan Africa.

Building on the progress to date, UNAIDS has set two
important goals: (a) a 75 percent reduction in new HIV
infections (compared with 2010) by 2030 and (b) suc-
cessful achievement of the UNAIDS 90-90-90 campaign,
which seeks to have 90 percent of all people living with
HIV knowing they have HIV, 90 percent of those diag-
nosed with HIV receiving treatment, and 90 percent of
those on treatment having an undetectable viral load
(virally suppressed). Furthermore, UNAIDS seeks to
eliminate mother-to-child transmission of both HIV
and syphilis. We now have the tools to attain these goals,
even despite the remaining challenges of needing an HIV
vaccine for prevention (as we have vaccines to prevent
hepatitis B virus [HBV] and human papillomavirus
[HPV] infection); an effective cure for HIV infection (as
we have for the hepatitis C virus [HCV] infection); and
an effective suppressive therapy for hepatitis B.

In addition to effective medical interventions (table 1.2),
national legislative and policy frameworks are needed to
enable effective deployment of these interventions.
Mother-to-child transmission of HIV will not be elimi-
nated by 2030, the current goalpost, without effective
national policies to support prevention. Even more
important, laws and policies to protect and reduce

Table 1.2 Essential HIV/AIDS Intervention Package, by Delivery Platform

Delivery platforms?

First- Second- and
Intervention Nationwide policies and Community health post or level third-level
type regulations pharmacy Primary health center hospital hospitals
Prevention

Legal and human 1. Laws and policies to protect and 2. Gender-based violence

rights reduce stigma for key populations, counseling and rape-response
with full decriminalization of LGBT referral (medical and justice)
population®

Structural 3. Universal access to HIV testing,

interventions with immediate linkage to care
and treatment and intensified
outreach to populations at higher

risk of infection

4. Universal access to drug
substitution therapy for addiction

5. Brothels: Condoms required*®

6. Needle exchange encouraged™

table continues next page
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Table 1.2 Essential HIV/AIDS Intervention Package, by Delivery Platform (continued)

Delivery platforms?

First- Second- and

Intervention Nationwide policies and Community health post or level third-level
type regulations pharmacy Primary health center hospital hospitals
Direct (biological) 7. PrEP for discordant
prevention couples

8. Male circumcision

service provision™

9. PMTCT (Option B+)
Behavioral 10. HIV education and counseling
interventions: for pregnant women, sex
Prevention workers, IDUs, GBT males,

15. Promotion of condoms, VMMC,
and testing at national and facility-
based levels®

Social marketing:
Information,
education, and
communication

Treatment

Treatment 16. Policies and guidelines to support
all steps of HIV care continuum,
including expanded testing
through diverse strategies; linkage
to care; ART initiation with support
for adherence and retention;
and performance and efficiency
optimization through data-driven
management, task shifting, and
decentralization, as appropriate for
level of epidemic

Behavioral
and structural
interventions:
Care

and HIV+ persons and their
partners™®

11. Access to needle exchange
for IDU*

12. Condom distribution*
13. Partner notification®

14. Adherence support for high-
risk or failing patients

17. Community-based HIV testing
and counseling (for example,
through mobile units or venue-
based testing)*

18. Household HIV testing and
counseling in high-prevalence
settings

19. Referral and navigation of
HIV+ individuals to HIV care
sites to ensure linkage

24. Adherence support including
adherence clubs, community-
based ART groups, text
reminders, and other means

25. Nutrition, transportation, and
financial reimbursement

20. Provider-initiated
counseling and HIV
testing (as well as TB
and STl testing) for all
in contact with health
care system in high-
prevalence settings,
including prenatal care®

21. ART initiation

22. Support for adherence
and retention

23. Laboratory viral load
monitoring

26. Case manager

Note: Interventions shown in orange indicate areas that are relatively neglected by governments. ART = antiretroviral treatment; GBT = gay, bisexual, or transgender; HIV = human immunodeficiency virus;
HIV+ = HIV-positive; IDU = injection drug users; LGBT = lesbian, gay, bisexual, and transgender; Option B+ = a three-drug ART regime in pregnancy and postpartum for HIV-positive mothers; PMTCT =
prevention of mother-to-child transmission; PrEP = preexposure prophylaxis; STl = sexually transmitted infection; TB = tuberculosis; VMMC = voluntary male medical circumcision.
a. All interventions listed for lower-level platforms can be provided at higher levels. Similarly, each facility level represents a spectrum and diversity of capabilities. The column in which intervention
is listed is the lowest level of the health care system in which it would usually be provided.

Interventions marked with an asterisk (*) should be closely integrated with STI prevention and treatment interventions.
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stigma for key populations are urgently needed in many
countries. Indeed, in recent years, lesbian, gay, bisexual,
and transgender (LGBT) rights have regressed in some
settings, and criminalization of these populations has
increased. Two chapters in this volume provide useful
detail for policy makers who are considering such issues:
chapter 8 (Wilson and Taaffe 2017) outlines the factors
to consider when tailoring a response to a local epi-
demic, and chapter 9 (Kahn and others 2017) presents
various models that can help guide decisions regarding
the cost-effectiveness of the different interventions.
Optimal HIV management requires managing people
across the continuum of care, from testing to counseling
and from ART to adherence support. Sociocultural bar-
riers in gaining access to care include the following:

+  Fear of diagnosis, complicated by a culture of stigma
and discrimination in many countries

« Structural barriers such as distance to health clinics

+  System-level barriers such as clinic hours, coordination
among clinics, and shortages of health care workers

Biomedical interventions that have come to the fore-
front since the publication of Disease Control Priorities in
Developing Countries, second edition (DCP2) by the
World Bank (Jamison and others 2006) and that have
proven highly effective at preventing HIV transmission
include treatment as prevention (Gomez and others
2013); preexposure prophylaxis (PrEP); male circumci-
sion; and new treatment regimens for prevention of
mother-to-child transmission (PMTCT). Furthermore,
these interventions can be successfully delivered at first-
level care facilities, thereby increasing accessibility.

PrEP—using a once-a-day tablet, the current version
of which includes two antiretroviral drugs—provides a
method beyond condoms for at-risk people to prevent
becoming infected with HIV (Baeten 2016; Jenness and
others 2016). PrEP access is still limited in LMICs and
does not prevent other STIs.

Voluntary male medical circumcision (VMMC)
significantly reduces sexual acquisition of HIV by men
and is most cost-effective in settings where HIV is highly
prevalent. Recent studies have shown that demand is
high for VMMGC, which can be offered at some first-level
health care facilities and at health centers. In some coun-
tries, VMMC has even been delivered effectively in
mobile vans.

Advances have increased the effectiveness of PMTCT
treatment as well. For an HIV-infected mother not yet
receiving ART, the recommendations are to start ART
at the first prenatal visit (regardless of the mother’s
CD4 cell count or WHO clinical stage)!and to continue
lifelong ART. Use of this protocol could significantly

reduce the number of newborns infected during the
birth process and the mother-to-child transmission of
HIV. Substantial progress has been made in this regard:
new pediatric HIV infections declined by 50 percent
from 2010 to 2015 (UNAIDS 2016).

Interventions to offer household-based testing in
high-prevalence settings will contribute to the first “90”
of the UNAIDS 90-90-90 goals (90 percent of all people
living with HIV know they have HIV). Interventions to
effectively and promptly link newly diagnosed persons
living with HIV to services and treatment contribute to
the second “90” (90 percent of HIV-diagnosed people
receive treatment) and are critical across all settings.
Finally, multiple strategies for promoting adherence to
treatment and retention in care—ranging from commu-
nity support groups to mobile health interventions—are
critical to ensuring that treatment is effective and con-
tinuous, thus achieving the third “90” (90 percent of
those being treated have an undetectable viral load).

Burden of STIs other than HIV/AIDS

In addition to HIV, another 40 bacterial, viral, and
parasitic pathogens have been identified as primarily
sexually transmitted, or as potentially sexually transmis-
sible (see annex 1A). The common curable bacterial STTs
include trichomoniasis, chlamydia infection, gonorrhea,
and syphilis. In 2012, the WHO estimated the global
incidence of these four curable STIs among men and
women ages 15-49 years: 131 million new cases of
chlamydia infection, 78 million of gonorrhea, 143 million
of trichomoniasis, and 6 million of syphilis (WHO
2016b). These estimates mean that approximately
1 million new infections could be cured with existing
treatments each day (Newman and others 2015).

Other common sexually transmitted pathogens are
herpes simplex virus (HSV-1 and HSV-2, both of which
cause genital herpes) and HPV.? In 2012, the global
prevalence of HSV-2 among men and women ages
15-49 years was 417 million, with higher prevalence in
women than in men. An estimated 19.2 million individ-
uals ages 15-34 years were newly infected with HSV-2 in
2012 (Looker and others 2015).

Extensive studies of the prevalence of oncogenic genital
HPV infections included a global systematic review of
age-specific prevalence of oncogenic types of HPV infec-
tion in males (Smith and others 2011) and in females
(Winer and others 2012). In general, these studies show
high prevalence of oncogenic HPV types among those with
new sex partners or a high number of lifetime partners.

Common STIs may cause significant complications
to women’s reproductive health, including pelvic inflam-
matory disease, tubal pregnancy infertility, cervical can-
cer, perinatal and neonatal morbidity, mother-to-child
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transmission of syphilis or HIV, and a host of other
conditions (Chesson, Mayaud, and Aral 2017, chapter 10
in this volume). However, for morbidity and mortality,
years of life lost, disability-adjusted life years (DALYs),
and costs of medical care, the major STIs are as follows:

+ HIV infection

+ HBV and HCV infection

+ HPV infection, with HPV-related genital, anal, and
oropharyngeal cancers

+  Syphilis, with its related perinatal and pediatric mor-
bidity and mortality

+ HSV-1 and HSV-2 infection, with related central
nervous system and pediatric morbidity

In aggregate, these major pathogens cause extensive
morbidity and mortality attributable to unsafe sex.
Moreover, the consequences of STIs disproportionately
affect women and children. STTs, including HIV/AIDS,
are one of the leading causes of morbidity and mortality,
as measured by DALYs, for reproductive-age women in
LMICs (Owusu-Edusei and others 2014).

In addition to the mortality and morbidity attribut-
able to the major STI pathogens listed earlier, other STI
pathogens account for severe morbidity, including infer-
tility, ectopic pregnancy, epididymitis, neonatal eye infec-
tion, and other common diseases. These other pathogens
that can be transmitted sexually include the Zika and
Ebola viruses and group C Neisseria meningitidis. Sexual
transmissions of these pathogens have been documented
but are not yet well studied (Hader 2017).

Unsafe Sex as a Global Risk Factor for Death and
Disability in Adolescents and Young Adults
The Global Burden of Disease (GBD) study recently
reported annual assessments of risk factors for death
and DALYs in adolescents and young adults in
188 countries for 2013 (Mokdad and others 2016).
Among adolescent males ages 15-19 years, unsafe sex
was the second most common risk factor for death.
Among adolescent females ages 15-19 years, unsafe sex
was the number one risk factor. Among young adults
ages 20-24 years (males and females combined),
unsafe sex was the second most common risk factor.
As for the risk of disability (as measured by DALYs),
unsafe sex was the second most common risk factor in
2013. Important to the global burden, the number
and proportion of the worldwide population who are ado-
lescents are also steadily growing (Hader 2017).

Key Populations for STI Control in LMICs

Although adolescents and young adults experience
a large proportion of STIs, including HIV infection, the
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role of key populations in the epidemiology and control
of HIV and other STIs in LMICs has become increasingly
clear (Baral and others 2007; Baral and others 2012).
These key populations include, in particular, female sex
workers; men who have sex with men (MSM), who are
understudied and underserved in most LMICs; and
injection drug users, who are at risk not only for HIV
but also for other blood-borne STIs such as syphilis
and hepatitis viruses. Patterns of sexual networks
linking MSM with heterosexual populations warrant
future research.

Until recently, HCV was repeatedly described as not
sexually transmitted, and its transmission had been associ-
ated with injection drug use, blood transfusions, and iatro-
genic exposures but not with heterosexual transmission.
However, HCV recently has been found in the semen of
men with HCV viremia, and rectal HCV shedding was
found in 20 of 43 (47 percent) HIV-infected MSM who
also had HCV infection. The presence of HCV in rectal
fluid was associated with high blood levels of HCV (Foster
and others 2017). Most important, co-infections with HCV
and HIV have been commonly found in Australia, Europe,
and North America. Thus, screening for HCV—a curable
infection—is now being recommended for HIV-infected
MSM in high-income countries (Harrison and others
2017; Kratz and others 2015; Nanduri and others 2016).

STI Interventions: Prevention, Treatment, and
Education

Prevention and treatment are both important to STI
control, and the HIV epidemic has influenced changes
in the approach to STI prevention in general. During
the 1980s and 1990s, behavioral prevention dominated
the HIV world and gained prominence in the STI
domain. However, since the turn of the century, recog-
nition has grown that behavioral interventions (heav-
ily weighted toward condom use) have not decreased
STI incidence sufficiently and sustainably (Aral 2011;
Kippax and Stephenson 2012).

STI Prevention

Concurrently, remarkable progress has been made in bio-
medical approaches to preventing HIV/AIDS, including
male circumcision, PrEP, and ART (Baeten and others 2012;
Dodd, Garnett, and Hallett 2010; Grant and others 2010;
Katz and Wright 2008; Pretorius and others 2010). Given
the success of these biomedical approaches, the field of STI
prevention is increasingly drawing on them, reinforced by
development of effective biomedical interventions for pre-
venting STIs other than HIV. More specifically, these inter-
ventions include promotion and provision of the HPV
and HBV vaccines to females and males, early detection
and curative treatment of HCV infection, point-of-care



diagnostic tests for syphilis, dual tests for syphilis and HIV,
and an understanding of the effects of male circumcision
for preventing certain STIs other than HIV.

In addition, clinical platforms offering STI-related
reproductive health services are playing a key role in
screening patients for HIV and HCV. They also emphasize
outreach to sex partners for HIV and other STT screening.
Table 1.3 provides an assessment of the platforms and
essential interventions for preventing and treating STTs.

Pharmacy Treatment of STIs and Clinician Online
Education

Individual treatment of STIs in LMICs is largely based
on syndromic management, which is often provided by
pharmacies without clinical examination. Provision of
guidelines and training to pharmacy workers can signifi-
cantly improve STI management by pharmacy workers
(Garcia and others 2012).

However, this practice, linked to the increasing avail-
ability of new antimicrobials in LMICs, may be contrib-
uting to emerging antimicrobial resistance in LMICs
(Miller-Petrie, Pant, and Laxminarayan 2017, chapter 18
of this volume). Although the common curable STIs can
be managed effectively in LMICs with widely available
antibiotics, global development of antibiotic resistance
has eroded the success of treatment of some infections,
including gonorrhea.

Canchihuaman and others (2011) have also demon-
strated the feasibility and effectiveness of using computer-
based education to reach out to clinicians and midwives
to vastly expand and improve the scope and effect of
online continuing education of STI management. This
approach is a critical and effective step to guide large
groups of clinicians and communities, even in remote
rural areas, to better health care in general but especially
regarding infectious diseases.

Table 1.3 Essential STI Intervention Package, by Delivery Platform

Platforms for intervention delivery

Nationwide, regional,
and local health
systems, policies and

regulations Community health post®
Structural 1. Organize, coordinate, 3. Linkages to clinical
and where possible, services for FSW, MSM,
integrate programs sex partners of persons
for STl and HIV/AIDS with STI/HIV*
Into one nalt|0na| 4. Training for police
cen.ter and into . to ensure access
reglonf_zl centers, with to services for key
essential funding and populations, especially
system support for needle exchange™
local programs™
_ o 5. Home-hased services
2. National pollmgs to and Internet use for
enable prevention partner notification, HIV
and treatment gfforts diagnosis, and initiating
for key populations™ HIV treatment in patients
with HIV infection™
Behavioral 7. Social marketing 9. School-based sexual
prevention linked to education health education (STI/
on STI/HIV risks, and HIV risks, condom use,
on sexual health, substance abuse, key
including condom and vaccines, VMMC)*
safe sex promotion™® 10. Condom promotion;

8. National curriculum
and policy regarding
sexual health
education (including
online education)*

Needle exchange for
IDU*

Primary
health and
reproductive First-level
Pharmacies® health clinics® hospitals
6. Training on
syndromic
treatment
of STls by

pharmacists

table continues next page
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Table 1.3 Essential STI Intervention Package, by Delivery Platform (continued)

Platforms for intervention delivery

Nationwide, regional,
and local health
systems, policies and

regulations Community health post®

Pharmacies®

Primary
health and
reproductive
health clinics®

Second-, and
third-level
hospitals?

First-level
hospitals

Biomedical
prevention

Diagnosis
and
treatment

11. Guidelines, funding, 12. School-based and health

and social marketing post provision of HPV and
for HPV and HBV HBV vaccines, and linkage
vaccines; and for to or provision of VMMC
VMMC (adolescents, services

adults, infants) 13. Access to needle

exchange for IDU*

14. Screening and treatment
for major STls among
prison populations

15. Preexposure
antimicrobial prophylaxis
in high risk populations™

19. Guidelines for

20. Syndromic-

16. Vaccine
provision
(HPV, HBV)
(females
and males)

17. VMMC*

18. Visual
inspection
with acetic
acid for
cervical
dysplasia

21. Diagnosis and 22. Diagnosis and

expedited partner based treatment of treatment
therapy via treatment suspected pelvic of anal,
pharmacies of STls inflammatory oropharyngeal,
disease; viral and liver
hepatitis; ART, cancers; and
plus detection other HIV
and treatment comorbidities.

or referral of

comorbidities,
and some HIV
comorhidities

Note: Interventions shown in orange indicate areas that are relatively neglected by governments. Interventions marked with an asterisk (*) should be closely integrated with HIV prevention and
treatment interventions.
FSW = female sex workers; HBV = hepatitis B virus; HIV/AIDS = human immunodeficiency virus/acquired immune deficiency syndrome; HPV = human papillomavirus; IDU = injection drug users;
MSM = men who have sex with men; PrEP = preexposure prophylaxis; STD = sexually transmitted disease; STI = sexually transmitted infection; VMMC = voluntary male medical circumcision.

a. This platform involves extension of health services beyond conventional clinical platforms to reach high-risk populations.

b. Pharmacies are very accessible (proximity, short wait times, low cost) and provide much of the treatment for STl syndromes. Yet, adherence to STD treatment guidelines in pharmacies has been dismal
(Chalker and others 2000). However, training of physicians, midwives, and pharmacy workers can lead to greatly improved STD syndromic management (Garcia and others 2012). After training of
pharmacy workers, pharmacy-based STD syndromic management was cost-effective, when only program costs are used, and cost saving from the societal perspective (Adams and others 2003).

c. For this volume, we are assuming that most clinical service delivery at the primary care and reproductive health clinics level is provided by nurses. Primary health clinics in LICs and MICs tend to
lack diagnostic testing but also have lower costs and are more accessible than hospitals.
d. Service delivery by physicians, physician assistants, or nurses. Specialist expertise includes reproductive health, laboratory capacity, obstetrics and gynecology, and pediatrics.
e. Curricula should include information on condoms, safe-sex promotion and provision, warning signs, and accessing care.

f. Sanchez and others 1998.
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Tuberculosis

TB is arguably the world’s leading cause of death from
an infectious agent.> The WHO estimates that 10.4 million
new cases and 1.5 million deaths occur from TB each year
(WHO 2016a). One-third of TB cases remain unknown
to the health care system. For those accessing treatment,
however, prevalence and mortality have declined signifi-
cantly, and millions of lives have been saved.

TB is caused by the bacterium Mycobacterium tuber-
culosis, which is transmitted between humans through
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the respiratory route and most commonly affects the
lungs but can damage any tissue. Only a minority
(approximately 10 percent) of individuals infected with
M. tuberculosis progress to active TB disease, while the
remainder may maintain a latent infection that serves as
a reservoir. TB has special challenges, including (a) a
substantial number of patients with active disease are
asymptomatic, capable of transmitting infection without
knowing it; (b) patients must maintain compliance with
treatment for six to nine months; and (c) the pathogen



persists in many infected individuals in a latent state for
many years but can be reactivated over a lifetime to cause
disease and become transmissible.

People at every rung of the socioeconomic ladder are at
risk, although TB disproportionately affects the poor.
Approximately 80 percent of patients reside in 22 high-
burden countries. Treatment of TB disease requires multi-
ple drugs for many months. These lengthy drug regimens
are challenging for both patients and health care systems—
especially in LMICs, where the disease burden often far
outstrips local resources. For TB susceptible to first-line
drugs (the least expensive), cure rates greater than
90 percent are expected at a cost of US$200 to US$500. The
increasing incidence of multidrug-resistant TB (MDR-TB),
which requires even longer treatment regimens with
expensive and difficult-to-tolerate drugs, represents an
emerging threat, not least to hospital and clinic personnel.

The United Nations’ (UN) Sustainable Development
Goal (SDG) 3 seeks to end the TB epidemic altogether by
2030, but the decline in incidence of TB has been slow,
only about 1.5 percent per year.* Without new tools, the
UN targets are unlikely to be met even by 2050. The current
policy of passive case finding (waiting for patients to be ill
enough to seek treatment) is suboptimal in high-burden
countries. Faster rates of progress on TB will require ear-
lier, more accurate case detection; rapid commencement
of and adherence to effective treatment; and, where possi-
ble, preventive treatment of latent TB (table 1.4).

Durable control will require new strategies and tools
that are more effective than those now in use—for exam-
ple, new, shorter drug regimens that are effective for both
drug-sensitive and drug-resistant TB. These must be not
only cost-effective but also affordable and capable of
being effective on a large scale. In addition to new tools,
effective TB control requires the strengthening of weak
health care systems (including improvements in surveil-
lance, information technology, logistics, and drug supply)
and strengthening of community health care systems to
be more responsive and effective.

Within the context of current knowledge, Bloom
and others (2017) in chapter 11 in this volume advocate
for optimizing the approaches known to be effective,
including the following:

+ Identify high-transmission countries and hot spots
within countries where targeted efforts can be more
effective and cost-effective.

+ Increase early TB detection and diagnosis, particu-
larly in selected high-burden countries, by introduc-
tion of new tools for active case finding.

+ Rapidly provide appropriate and better maintenance
for patients diagnosed with either drug-susceptible TB or
MDR-TB, enablinghigherlevels of completion and care.

+ Expand preventive therapy to reduce transmission
from TB patients to contacts, especially to children
and HIV-positive individuals.

+ Emphasize community-based delivery of TB treat-
ment and services wherever possible to improve
treatment completion, reduce the dangers of hospital
transmission, decrease costs, and improve patient
quality of life.

+ Improve hospital and clinic infection control.

+ Enhance drug supply chains for access to TB
treatments that have small markets.

+ Expand information technology and electronic
medical records to enable more effective disease control.

The need is urgent for new tools, including inexpen-
sive and sensitive point-of-care diagnostic tests, rapid
tests for drug resistance, new and shorter drug regimens
for both drug-susceptible and drug-resistant TB, and a
more effective vaccine to prevent the disease.

Malaria and Other Adult Febrile Ilinesses

Febrile illnesses are major causes of morbidity and mor-
tality in LMICs for children and adults, and most are
largely indistinguishable on clinical presentation.
Simple rapid diagnostic tests (RDTs) are lacking for the
common, serious causes of fever except malaria, making
appropriate treatment uncertain for most febrile
patients, only a minority of whom have malaria.

Malaria

The massive investment in malaria control over the
past decade has been successful in greatly reducing
malaria prevalence, but eliminating malaria is a very
distant goal in most of Sub-Saharan Africa and much of
Asia. Continued progress depends on maintaining
and increasing the use of effective preventive measures
(such as insecticide-treated nets, indoor residual spray-
ing, and intermittent preventive therapy for pregnant
women and infants); widespread use of RDTs; and
treatment with effective artemisinin-combination ther-
apies (ACTs) to bring the countries with the highest
endemic rates to preelimination levels (Shretta and
others 2017, chapter 12 in this volume). Table 1.5 sum-
marizes the essential interventions for prevention and
treatment of malaria.

Continued surveillance and substantial expenditures
over many years will be needed to eventually eradicate
malaria, and whether it can be done globally without
adding at least one more effective tool to the set of inter-
ventions in widespread use is unclear. The currently
available vaccines may or may not be effective enough
to boost results sufficiently. In April 2017, the WHO
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Table 1.4 Essential Tuberculosis Intervention Package, by Delivery Platform

Delivery platform

Second- and
Intervention Nationwide policies Community health post third-level
type and regulations or pharmacy Primary health center First-level hospital hospitals
Surveillance and 1. Passive case finding 3. Symptomatic
disease detection 2. Active case finding surveillance
in high-burden 4. Active contact tracing
countries of TB-positive patients
Data collection 5. Information systems
and patient
tracking
Diagnosis and 6. National guidelines 7. Symptomatic 9. Sputum smears 12. GeneXpert/RIF? or
drug sensitivity promotir}g. diagnosis, local sputum 10. Testing of children and culture for diagr.losis
testing the prowspn smears household members of drug-susceptible TB
Relapse and of d|-aglnost|c . 8. Referral for diagnosis and HIV+ individuals
reinfection labs; dlagnqstlc ) and drug-susceptible for case finding in both
diagnosis technology including TB tests drug-susceptible and
GeneXpert or cul.ture MDR-TB cases
for drug-susceptible o )
TB: fixed/mobile 11. Availability of fixed/
X-ray; and training mobile X-ray for
diagnosis
Treatment 13. WHO guidelines: 14. Provision and 16. Treatment of drug-
of drug- four-drug regimen observation of treatment susceptible TB
susceptible TB for two months, then after one month at first- until transmission
two drugs-regimen level hospital is reduced (one
for four months 15. Use of cell-phone SMS month), then transfer
to support treatment O LG D
. community level
Treatment of 17. WHO guidelines: 18. Provision of 20. Treatment until 21. Specialized
drug-resistant TB Multiple-drug appropriate second- sputum is negative treatment
regimen after line drugs, monitoring or GeneXpert is for treatment
drug—su_sceptiblg 19. INH preventive therapy negative; _treatment failures,
TB testing for nine as outpatients after MDR-TB,
months to two years sputum is negative surgery
Coinfection 22. Provider incentives 23. Referral or provision 25. Separate areas in
with HIV to improve quality of of HIV treatment as health facilities
TB care appropriate for TB to avoid
24. Information systems to transm|s§|0n B
AIDS patients

link diagnostic hospital
care to outpatient and
community care

Note: Interventions shown in orange indicate areas that are relatively neglected by governments. HIV =
MDR-TB = multidrug-resistant tuberculosis; SMS = short message service (text messaging); TB = tuberc|

human immunodeficiency virus; HIV+ = HIV-positive; INH = isoniazid;
ulosis; WHO = World Health Organization.

a. GeneXpert/RIF refers to a new test that simultaneously detects Mycobacterium TB complex (MTBC) and resistance to rifampin (RIF).

announced that Ghana, Kenya, and Malawi will partici-
pate in a pilot malaria vaccine implementation program
in select areas, beginning in 2018 (WHO 2017).

Despite global guidelines to the contrary, presumptive
treatment of undifferentiated febrile illness as malaria is
still appropriate in places where RDTs (or microscopy)
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cannot be reliably applied and malaria prevalence is high
(Babigumira, Gelband, and Garrison 2017, chapter 15 in
this volume). When the test for malaria is negative, patients
with severe disease should receive an antimicrobial regi-
men tailored to locally important nonmalarial pathogens
(Crump and others 2017, chapter 14 in this volume).



Table 1.5 Essential Malaria Intervention Package, by Delivery Platform

Delivery platform®

Population-
based health

Intervention type interventions

Health
center

First-level

Community hospital

Second-
and
third-level
hospitals

All malaria-endemic countries

Case management: 1. Prophylaxis
Uncomplicated for travelers
malaria (or fever)

Case management:
Severe malaria

Vector control: ITNs

Malaria elimination countries

Malaria control countries

Vector control: IRS

Vector control:
Larviciding and water
management

Mass drug
administration

14.

Diagnosis with RDTs or microscopy,
including parasite species

Treatment with ACTs (or current first-
line combination) for malaria-positive
individuals where diagnasis is available

Where both RDTs and microscopy are
unavailable and malaria is common,
presumptive treatment with ACTs for
nonsevere suspected malaria; if severe,
ACTs plus antibiotics

Plasmodium vivax. Chloroquine alone
or chloroquine plus 14-day course of
primaquine (for GBPD normal individuals)

Case investigation, reactive case
detection, proactive case detection
(including mass screening and treatment)

Single-dose rectal artesunate, then 8. Parenteral

referral to first-level hospital

ITNs available in health centers and
antenatal clinics and via social marketing

. Mass drug administration to high-risk

groups in geographic or demographic
clusters

. Single low-dose primaquine added to first-

line treatment

. IRS in selected areas with high

transmission and entomologic data on IRS
susceptibility

. Larviciding and water management in

specific circumstances where breeding
sites can be identified and regularly
targeted

IPTp, IPTi, and SMC Sahel region

artesunate, then
full-course ACTs

Note: Interventions shown in orange indicate areas that are relatively neglected by governments. ACTs = artemisinin-combination therapies; G6PD = glucose-6-phosphate-dehydrogenase;

IPTi = intermittent preventive treatment in infants; IPTp = intermittent preventive treatment of pregnant women; IRS = indoor residual spraying; ITN = insecticide-treated net;
RDT = rapid diagnostic test; SMC = seasonal malaria chemoprevention.
a. Al interventions listed for lower-level platforms can be provided at higher levels. Similarly, each facility level represents a spectrum and diversity of capabilities. The column in
which an intervention is listed is the lowest level of the health care system in which it would usually be provided.
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Where an understanding of locally important blood-
stream infections and other pathogens is lacking, stan-
dardized fever etiology research is needed to inform
management. The development of accurate point-of-care
diagnostic or biomarker tests would improve targeting
of antimicrobials.

Nonmalarial Fever

A diverse set of pathogens contributes to nonmalarial
fever. Prevention efforts may target pathogen reservoirs
(for example, by vaccinating livestock for brucellosis); tar-
get sources of infection (such as through vector control to
reduce arbovirus infections); interrupt transmission (for
example, by reducing occupational exposure to Coxiella
burnetii among abattoir workers); and provide immuno-
logic protection (such as through typhoid vaccines).?

A lack of knowledge and a lack of tools hamper prog-
ress in combating nonmalarial fevers. The predominant
causes of fever in LMICs are largely unknown because
research on fever etiology has not been done. National
surveillance or sentinel site studies, preferably coordi-
nated globally, are urgently needed to identify major
causes of severe febrile illness, especially bloodstream
infections and pathogens with specific treatments
(for example, brucellosis, rickettsioses, and Q fever)

(Crump and others 2017, chapter 14 in this volume).
Concomitantly, research to identify priorities for
improvements in management, such as selection of
empiric antimicrobial therapies, should be undertaken
in the same countries.

The laboratory methods that can be used for research
are impractical at the bedside in low-resource settings.
For such settings, accurate RDTs are needed—first, to dis-
tinguish viral from bacterial (and potentially easily treat-
able) infections; and second, to provide pathogen-specific
tests for major causes of treatable nonmalarial fevers, based
on surveillance and other local research.

Finally, cost and outcome data are needed to develop
credible estimates of the total burden of nonmalarial
febrile illnesses and to enable accurate cost-effectiveness
analyses related to fever in order to strengthen
resource-stratified approaches to the adoption and
integration of interventions (summarized in table 1.6).
This information is particularly important because
decisions on services to include in universal health cov-
erage are being made.

Viral Hepatitis

Five mostly unrelated viruses—hepatitis A, B, C, D, and
E—infect the liver, with varied routes of infection:

Table 1.6 Essential Intervention Package for Adult Febrile lliness, by Delivery Platform

Delivery platform®

Community Second- and
Intervention Nationwide policies health post third-level
type and regulations or pharmacy Primary health center First-level hospital hospitals
Case 1. Standard practice 3. Evaluation for malaria with 5. Clinical history and 8. Reference
management: guidelines RDT or microscopy (see examination to identify source diagnostics for
All fevers 2. Essential medicines, malaria interventions) of fever major cause.s
including relevant 4. If negative for malaria, 6. Evaluation for malaria and HIV ?f nonmalarial
. : : : ever
antibacterials referral if fever persists 7. Treatment for the apparent
beyond seven days cause and reevaluation after
one week
Case 9. Prereferral antimicrobial 10. Emergency management of 14. Reference
management: according to standard septic shock with intravenous diagnostics for
Severe practice guidelines (for fluids, supplemental oxygen, major causes
febrile illness example, extended- and antimicrobial according to of nonmalarial
spectrum cephalosporin) standard practice guidelines fever

11. Clinical history and physical
examination to identify source
of fever

12. Blood culture before
antimicrobial; hemoglobin and
glucose measurement

13. Treatment of apparent cause
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Table 1.6 Essential Intervention Package for Adult Febrile lliness, by Delivery Platform (continued)

Delivery platform?

Community Second- and
Intervention  Nationwide policies and health post third-level
type regulations or pharmacy Primary health center First-level hospital hospitals
Prevention: 15. National policy on
Vaccines typhoid vaccines
16. National policy on

control of brucellosis and

leptospirosis in livestock
Prevention: 17. National policies on
Nonvaccine control of sources of
measures nationally important

causes of nonmalarial
fever (such as vector
control for arbovirus
infections)

18. National policies
on interruption of
transmission of nationally
important causes of
nonmalarial fever (for
example, management of
occupational exposure to
Coxiella burnetii among
abattoir workers)

Nationwide or sentinel
site surveillance to identify
major causes of severe
febrile illness, especially
bloodstream infections

Surveillance 19.

20. Assurance that national
recommendations
for antimicrobial
management of severe
febrile illness match
etiologic findings

Note: HIV = human immunodeficiency virus; RDT = rapid diagnostic test.

a

. All'interventions listed for lower-level platforms can be provided at higher levels. Similarly, each facility level represents a spectrum and diversity of capabilities. The column in which an

intervention is listed is the lowest level of the health care system in which it would usually be provided.

Hepatitis A and E are transmitted by the fecal-oral
route through contaminated water and food; they can
also be transmitted sexually.

Most hepatitis B (HBV) infections occur through
mother-to-child and early-life horizontal transmis-
sion between family members, among adults through
sexual intercourse, and through unsafe injection
practices and transfusion of unscreened blood.

Most hepatitis C (HCV) infections occur through
unsafe injections, either in medical settings (from

reuse of medical equipment and substandard appli-
cation of infection control measures) or through
unsafe practices among people who inject drugs.
Sexual transmission of hepatitis C is rare in
heterosexual couples but more common among
HIV/AIDS-infected MSM.

Hepatitis D is transmitted by blood and bodily fluids.

Most hepatitis deaths (96 percent) are caused by HBV

and HCV, which cause chronic, lifelong infection
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resulting in progressive liver damage leading to cirrhosis
and hepatocellular carcinoma. Mortality rates from hep-
atitis are highest in West Africa and parts of Asia; in
absolute numbers, East Asia and South Asia account for
just over half of hepatitis deaths, which totaled 1.45 mil-
lion globally in 2013. An estimated 250 million people
live with chronic HBV infection; 80 million have chronic
HCYV infection (Gower and others 2014; Schweitzer and
others 2015).

In some West African countries, more than 8 percent
of the population is infected with hepatitis. The
regions with the highest prevalence of HCV infection
are West and Central Africa, Eastern Europe, and
Central Asia. Hepatitis C prevalence is extremely high
in a few other countries as well, most notably the Arab
Republic of Egypt and Pakistan, where high incidence
persists largely because of weak preventive measures,
such as reuse of syringes and needles in health care
settings.

Hepatitis Prevention

Hepatitis A and E infections can be prevented through
improved sanitation. Although no reliable estimates are
available, the incidence of hepatitis A and E has declined
likely as part of the overall reduction in the number of
deaths owing to diarrhea. An effective hepatitis A vac-
cine exists, and 18 countries have introduced universal
childhood hepatitis A vaccination.

The most notable achievement in hepatitis preven-
tion is the reduction in incidence of acute and chronic
HBV infection as a result of universal childhood
hepatitis B vaccination. At the end of 2013, 183 of
194 countries had introduced universal childhood
vaccination; global coverage with three doses of
hepatitis B vaccine is estimated to be 81 percent effec-
tive (WHO 2015). Universal infant vaccination with
high coverage levels has led to major reductions in the
prevalence of chronic HBV infection among children.
In China, the prevalence of chronic HBV infection
declined from approximately 8 percent in 1992 to
1 percent in 2006 among children ages one to four
years (Liang and others 2009).

However, challenges remain in achieving further
reductions in incidence. Full protection for children
requires that they receive the first vaccine dose within
24 hours of birth, which is a logistical challenge and a
barrier to further progress.

Other proven interventions for hepatitis prevention
that have not been fully implemented around the world
(for various technical and political reasons) are universal
safe injections, blood supply screening for HBV and HCV,
and harm reduction for injection drug users (for exam-
ple, provision of sterile needles and opioid substitutes).

Major Infectious Diseases

Hepatitis Treatment

Chronic HBV and HCV infections can be treated effec-
tively. The new direct-acting antiviral medicines for
hepatitis C can cure more than 90 percent of individu-
als with chronic infection with a two- to three-month
course of treatment, although the current costs of treat-
ment are very high. Hepatitis C treatment could also
reduce HCV transmission because people who have
been cured do not transmit the infection. There is no
cure for chronic hepatitis B, but effective antiviral treat-
ments can suppress viral replication and prevent disease
progression. Table 1.7 summarizes both the preventive
and the treatment interventions for hepatitis.

Neglected Tropical Diseases

NTDs affect more than 1 billion of the poorest, most
marginalized people of the world. These infections are
a consequence of the environmental and socioeco-
nomic conditions in which the poor live, and the ill
health and disability they cause are a primary factor
locking the poor into poverty. At least 18 diseases are
recognized as NTDs by World Health Assembly resolu-
tions.® Although not covered further here, the WHO
has recently added snakebite deaths to the NTD list.
Snakebite causes about 50,000 deaths in India per year
and an estimated 100,000 deaths globally (Mohapatra
and others 2011).

The NTD concept was developed to draw attention
to a disease control opportunity that had been
overlooked by the Millennium Development Goals.
The ending of NTD epidemics is now embedded
within the SDGs for 2030, under target 3.3, reflecting
the UN’s High-Level Political Forum on Sustainable
Development 2016 promise of “ensuring that no one is
left behind.”” Chapter 17 of this volume (Fitzpatrick
and others 2017) focuses on specific WHO targets for
control, elimination, and eradication of a subset of
these diseases.

Interventions to End NTDs

Three key interventions address a large share of the
burden of disease caused by this set of diseases.
In recognition of the increasingly integrated delivery
of interventions to the poorest, most remote, and
otherwise most marginalized communities of the
world, we consider them by intervention rather than
by disease, as follows:

+ Preventive chemotherapy by mass drug administration
+ Innovative and intensified disease management
+ Vector ecology and management



Table 1.7 Essential Hepatitis Intervention Package, by Delivery Platform

Delivery platform?

Second-
Community and third-
Nationwide policies and health post or level
Intervention type regulations pharmacy Primary health care First-level hospital hospitals
Hepatitis B 1. Policy for universal 2. Delivery of hepatitis B
vaccination newborn and childhood vaccination including
vaccination birth dose
Interventions to 3. Policy for hepatitis B 4. Vaccination of health
reduce hepatitis vaccination of health care workers
transmission care workers
in health care
settings
Harm-reduction 5. Policy for the provision
services for IDU of harm-reduction
services (including
injection equipment
and opioid substitution
therapy) to IDU; use of
this wording for HIV or
STl safe injection®
6. Community services:
IDU-friendly harm
reduction with sufficient
coverage
Hepatitis testing 7. National testing policy Hepatitis 9. Referral of persons
services identifying priority testing of with hepatitis infection
groups for testing individuals as to care
and setting a testing identified in
strategy the national
testing policy
Hepatitis treatment ~ 10. Treatment guidelines 11. Referral of persons 13. Treatment of

with hepatitis infection
to assessment for
treatment eligibility 14

12. Assuming sufficient
training, initiation of
hepatitis treatment and
follow-up

hepatitis Band C
for eligible persons

. Mentoring of

primary-care
personnel involved
in treatment
initiation and
follow-up

. Screening blood

transfusion for
hepatitis B and C

Note: Interventions shown in orange indicate areas that are relatively neglected by governments. HIV = human immunodeficiency virus; IDU = injection drug users; STI = sexually
transmitted infection. Interventions marked with an asterisk (*) should be closely integrated with HIV/AIDS and STI prevention and treatment interventions.

a. All interventions listed for lower-level platforms can be provided at higher levels. Similarly, each facility level represents a spectrum and diversity of capabilities. The column in
which an intervention is listed is the lowest level of the health care system in which it would usually be provided.
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The interventions are discussed in detail in chapter 17
in this volume (Fitzpatrick and others 2017) but are
summarized as follows:

Preventive chemotherapy by mass drug administration
is effective against lymphatic filariasis, onchocerciasis,
schistosomiasis, soil-transmitted helminthiases, and tra-
choma. The specific drugs and regimens vary by disease,
and many populations are affected by more than one of
these conditions. Mass campaigns can be combined to
target several pathogens at once.

Innovative and intensified disease management refers to
a shift from passive management to active surveillance,
early diagnosis, and treatment, with the aim to eliminate
or control, not just to manage. Treatment of Buruli ulcer,
for example, has evolved from late-stage surgical removal
of infected or dead tissue and correction of deformity
to the early-stage use of antibiotics. The gains go
beyond health benefits to include reductions in hospital-
ization costs to health care systems and to individuals.

The NTDs for which the primary intervention is disease
management are Buruli ulcer, Chagas disease, human
African trypanosomiasis (HAT), leishmaniasis, leprosy,
and yaws.

Vector ecology and management aims to control the
transmission of the causative pathogens of insect-borne
NTDs with proven interventions that are applied in an
ecologically friendly manner. The main NTDs for which
this is an important strategy are Chagas disease, dengue,
chikungunya, visceral leishmaniasis (kala azar), and Zika
virus. Table 1.8 summarizes the essential interventions
for preventing and treating NTDs.

Recent Progress against NTDs

Since the NTD concept took hold, substantial successes
have been recorded, including a reduction in deaths
caused by visceral leishmaniasis, rabies, schistosomiasis,
HAT, Chagas disease, and soil-transmitted helminthiases
(among which, for example, ascariasis is estimated to

Table 1.8 Essential Intervention Package for Neglected Tropical Diseases, by Delivery Platform

Delivery platform?

Second- and
Intervention Community health post or Primary First-level third-level
type Nationwide policies or regulations pharmacy health care hospital hospitals
Preventive 1. Integrated guidelines and strategy 2. Mass drug administration
chemotherapy on the coordinated use of preventive for lymphatic filariasis,
chemotherapy for NTDs onchocerciasis,
schistosomiasis, soil-
transmitted helminthiases,
trachoma, and food-borne
trematodiases as appropriate
Innovative and 3. Integrated guidelines and strategy 4. Lymphedema management 7. Hydrocele
intensified disease for §k|n—related NTDS including (in 5. Early detection and treatment of and trichiasis
management faddlt.mn to those I|.Sted elsewhere Chagas disease, human African surgery
in this table) Buruli ulcer and trypanosomiasis, leprosy, and
DI leishmaniases
6. Total community treatment for
yaws
Vector ecology 8. Integrated vector management 9. Sustained vector management

and management

Veterinary public

guidelines and strategy

for Chagas disease, dengue, and

visceral leishmaniasis

health services

Water, sanitation,

and hygiene

10. Not covered in DCP3 chapter; for interventions for the control of echinococcosis and rabies, see World Bank (2012).

11. See interventions in chapter 9 of DCP3 volume 7 (Hutton and Chase 2017).

Note: DCP3= Disease Control Priorities, third edition (Jamison and others 2015-18); NTDs = neglected tropical diseases.
a. All interventions listed for lower-level platforms can be provided at higher levels. Similarly, each facility level represents a spectrum and diversity of capabilities. The column in which an
intervention is listed is the lowest level of the health care system in which it would usually be provided.
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have caused 142,000 deaths in 2012, down from about
220,000 in 2000) (WHO 2014). In addition, the follow-
ing results were recorded:

+ New HAT cases have fallen by 80 percent between
2000 and 2014, to an estimated total of fewer than
4,000 cases per year.

« The number of cases of visceral leishmaniasis
(kala azar) in Bangladesh, India, and Nepal fell by
75 percent between 2005 (when a regional program
was launched) and 2014, to a reported 10,209 cases.

« In 2000, more than 130,000 cases of dracuncu-
liasis (Guinea worm disease) were reported; in
2015, only 22 cases were reported, reflecting near
eradication.

Much of the burden of NTDs occurs with morbid-
ity rather than mortality—and here, too, the progress
has been good, albeit somewhat less dramatic: the total
number of DALYs decreased by 19 percent between
2000 and 2012, from 1.0 percent of the GBD to
0.8 percent (WHO 2014).

ANTIMICROBIAL RESISTANCE

Every use of an antibiotic, whether appropriate or inap-
propriate, exerts selection pressure, giving resistant bac-
teria an advantage and accelerating the development of
resistance. Bacterial resistance to first-line, second-line,
and last-resort antibiotics is growing wherever it has
been monitored (CDDEP 2016). Increased travel, trade,
and migration mean that resistant bacteria can spread
faster than ever (Du and others 2016; Johnson and
Woodford 2013).

The burden of antimicrobial resistance falls heavily
on LMICs. They typically have high burdens and
rapid spread of infectious disease, poor nutrition,
and increasing rates of antibiotic consumption in humans
and animals, in addition to weaker health care systems
and sparse standards and regulations governing access,
use, and quality of antibiotics (Okeke and others 2005).

Drivers of Increased Antibiotic Use

The increase in antibiotic use is driven by the burden of
infectious disease as well as by economic, behavioral,
environmental, and structural factors. For instance,
expanded insurance coverage and increased physician
density intensify the consumption of antibiotics (Klein
and others 2015; Zhang, Lee, and Donohue 2010).
Decision fatigue and patient demand also increase anti-
biotic prescribing.

Antibiotic consumption increased by an estimated
30 percent or more in 71 countries between 2000 and
2010, reaching approximately 70 billion standard units
(single-dose units) in 2010 (Van Boeckel and others
2014). This increase was primarily in first-line classes of
antibiotics, including penicillins and cephalosporins,
which together make up more than half of global con-
sumption. Use of last-resort antibiotic classes, especially
carbapenems and polymyxins, also increased.

Despite the recent increases in antibiotic consump-
tion worldwide, with few exceptions, per capita con-
sumption in LMICs is much lower than in HICs.
Alongside increasing consumption and rising rates of
antibiotic resistance, lack of access to antibiotics is still a
serious concern for most LMICs. Each year, pneumonia
kills approximately 1 million children under age
five years, and an estimated 445,000 could be saved with
the universal provision of antibiotics for community-
acquired pneumococcal infections (Miller-Petrie, Pant,
and Laxminarayan 2017, chapter 18 in this volume).
When they are available, first-line antibiotic treatments
are still relatively affordable, but newer antibiotics
needed to treat resistant infections may be out of reach
for LMICs (Miller-Petrie, Pant, and Laxminarayan 2017,
chapter 18 in this volume).®

Interventions to Ensure Appropriate Antibiotic Use

Certain interventions are effective at reducing antibiotic
use or increasing appropriate use, but their effects on anti-
biotic resistance rates are difficult to determine because of
the long timeline for effects to become apparent. Therefore,
recommendations are based largely on success in changing
patterns of use. Interventions aim to both reduce the need
for antibiotics by preventing infections and reduce the
inappropriate or unnecessary use of antibiotics (in both
humans and animals). The broad categories of interven-
tions are as follows (summarized from Miller-Petrie, Pant,
and Laxminarayan 2017, chapter 18 of this volume):

*  Reduce and eventually phase out subtherapeutic anti-
biotic use in agriculture. Improved sanitation and
hygiene at the farm level would reduce the need
for prophylactic antibiotics. Antibiotic use in ani-
mal agriculture should be reduced, focusing on the
involvement of farmers and the agricultural industry
in carefully phasing out the use of growth promot-
ers and premixed animal feeds (Laxminarayan, Van
Boeckel, and Teillant 2015).

+ Adopt incentives that encourage antibiotic stewardship
and discourage overuse. Ensuring that payments are
not linked to prescribing and introducing rewards for
compliance may improve prescribing patterns.
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« Improve hospital infection control and antibiotic stew-
ardship. Antibiotic stewardship programs, infection
prevention and control, and especially handwashing
with soap can reduce infections, antibiotic use, and
resistance while also improving patient outcomes.

« Educate health care professionals, policy makers, and
the public about sustainable antibiotic use. Although
public awareness is growing that antibiotic resistance
presents a threat, there is little awareness of individ-
ual actions to reduce antibiotic use. Patients, parents,
health care providers, stakeholders, and hospital
heads all need to be aware of what they can do to
reduce unnecessary use.

* Reduce the need for antibiotics through improved
water, sanitation, and immunization. Disease preven-
tion achieves the dual purposes of keeping people
healthy and saving antibiotic doses. Water, sanitation,
hygiene, and vaccination should be core components
of any response, with financing from infrastructure
and health sectors.

«  Ensure political commitment to meet the threat of anti-
biotic resistance. Without national commitment in
the form of implemented action plans, the long-term
sustainability of efforts to curb antibiotic resistance
will be weakened. Although international efforts to
curb antibiotic resistance have focused largely on
national action, international support is also needed.

COST-EFFECTIVENESS OF INTERVENTIONS
FOR ADULT INFECTIOUS DISEASE

The substantial mobilization of donor resources by
organizations including The Global Fund to Fight AIDS,
Tuberculosis, and Malaria; The President’s Emergency
Plan for AIDS Relief; and the President’s Malaria
Initiative has been accompanied by efforts to ensure
value for money, which has led to a substantial literature
on the costs and cost-effectiveness of interventions to
combat some major infectious diseases (but little beyond
these diseases).

Figure 1.1 summarizes various estimates of
cost-effectiveness, measured per DALY prevented—the
metric most commonly used in economic studies to
compare cost-effectiveness across different health inter-
ventions. The estimates are summarized from expert
searches of the literature undertaken for the chapters in
this volume. For full details of the individual studies
used, along with bibliographic references, see annex 1B.
All cost-effectiveness results have been translated into
2012 U.S. dollars for comparability. A few studies
(particularly publications from the WHO-CHOICE
(CHOsing Interventions that are Cost-Effective)
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project, which provides results in international dollars
of a WHO region)® could not be converted and were
omitted.

Cost-effectiveness results depend on context.
The cost-effectiveness of the same intervention in two
different countries may vary depending on local costs;
health interventions, on average, cost more in countries
with higher income because of higher salaries. Vaccines
generally cost more in countries not eligible for bulk
purchasing discounts (such as prices of Gavi, the Vaccine
Alliance).!® In addition, the cost-effectiveness of vaccina-
tion and screening programs (and some other interven-
tions) vary according to prevalence of the condition;
prevention programs are often more cost-effective where
prevalence is higher. Cost-effectiveness may vary with
comorbidities and with opportunities to deliver the
intervention synergistically with other interventions
(and therefore at lower cost). Usual care (the usual com-
parator of cost-effectiveness) may also vary.

In some cases, the interventions are subdivided by
study location (for example, southern Africa or
Southeast Asia) or by low-income or middle-income
country designation. Where neither is specified, the
results apply to low- and lower-middle-income coun-
tries, which are the main emphases of this third edition
of Disease Control Priorities (Jamison and others
2015-18). Fewer results for upper-middle-income
countries are included. HIV/AIDS interventions
account for almost half of the interventions and stud-
ies, consistent with its share of funding relative to other
health conditions.

Figure 1.1 represents a reductionist view of the large
literature on cost-effectiveness of infectious disease
interventions and should be interpreted with caution,
especially when comparing results of two different stud-
ies that rely on inconsistent underlying assumptions.
However, more than half of the interventions listed in
figure 1.1 cost less than US$100 per DALY prevented,
suggesting that they could be cost-effective even in the
poorest countries. These interventions include some that
are preventive, such as providing female condoms to sex
workers in South Africa (although in practice, wide-
spread use has been difficult to achieve); undertaking
voluntary male circumcision in high-incidence African
countries; and supplying insecticide-treated nets in
Africa to prevent malaria. Biomedical treatment inter-
ventions costing less than US$100 per DALY prevented
include treating severe malaria with artesunate; screen-
ing and treating pregnant women for syphilis; treating
malaria (with ACTs); treating TB (with first-line drugs);
and, for various NTDs, providing detection and treat-
ment and preventive biomedical therapy for some con-
ditions in endemic areas.



Figure 1.1 Estimated Costs of Selected Infectious Disease Interventions

Hepatitis C treatment, UMICs | 1
PrEP-ARV for noninfected partner, serodiscordant couples, S Af i
Online sex education to prevent STI, LAC |
BCC alone, sex establishments, LAC |
Scale up ART to all infected, lower-mid income, Af i
PrEP during pregnancy and breastfeeding, S Af |
Use Xpert to diagnose TB, MICs i
Give female condom to sex workers, S Af
Vector control for dengue | A
BCC plus regulation, sex establishments, LAC i
PMTCT Option A HIV versus no treatment, SE Asia® i
Eradicate yaws (detect and treat) i 1
Screen and treat for syphilis, UMICs i |
Treat TB with second-line drugs, MICs i
Scale up ART to all infected, S Af i
Add syphilis screen to HIV screen and treat, UMICs i

Home presumptive treatment malaria, Africa | 1
Detect and treat human African trypanosomiasis 1
Supply ITNs for malaria, Africa -

Add Xpert to smear to diagnose TB, LMICs

Treat smear -ve TB with first-line drugs, LICs

Comprehensive malaria mgmt (spray, nets, treat), Africa

IRS for malaria, Africa

Detect and treat leprosy |
Intermittent preventive treatment malaria in pregnancy, Africa i
Hepatitis B vaccination i 1
Preventive chemotherapy for trachoma i —
Intermittent preventive treatment malaria in infants, Africa i
PMTCT Option B HIV versus no treatment, Africa® i
Preventive chemotherapy for schistosomiasis and STH |
Treat malaria with ACT, Africa | —
Detect and treat visceral leishmaniasis | ]

Treat smear +ve TB with first-line drugs, LICs

Screen and treat for syphilis, LICs

Preventive chemotherapy, lymphatic filariasis :
Add syphilis screen to HIV screen and treat, LICs |
Preventive chemotherapy for onchocerciasis |

Treat severe malaria with artesunate, Africa and SE Asia u
Voluntary male circumcision

1 10 100 1,000 10,000 100,000
Cost range per DALY prevented, US$ (2012)
HIV & STI TB M Malaria M Hepatitis M Neglected tropical diseases

Sources: Estimates based on sources listed by subject in annex 1B of this chapter.

Note: ACT = artemisinin-combination therapy; ART = antiretroviral treatment; ARV = antiretroviral; BCC = behavior change communications; DALY = disability-adjusted life year; HIV = human
immunodeficiency virus; IRS = indoor residual spraying; ITNs = insecticide-treated nets; LAC = Latin America and the Caribbean; LICs = low-income countries; LMICs = low- and middle-income countries;
MICs = middle-income countries; PrEP = preexposure prophylaxis (provision of ART to noninfected individuals at risk); PMTCT = prevention of mother-to-child transmission; S Af = southern Africa;

SE Asia = Southeast Asia; STH = soil-transmitted helminthiases; STI = sexually transmitted infection; TB = tuberculosis; UMICs = upper-middle-income countries.

a. “Option A" is a two-drug ART regimen in pregnancy and postpartum for HIV-positive mothers. “Option B” is a three-drug ART regime in pregnancy and postpartum for HIV-positive mothers.
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Another group of interventions costs US$100-US$399
per DALY prevented and thus would be considered
cost-effective (less than the per capita annual income) of
all but the poorest four to five countries. This second
group includes providing ART for people with
HIV/AIDS, with pregnant women being a particularly
high priority (to prevent transmission to their children
while also treating HIV in the mother). This group of
interventions also includes intermittent preventive treat-
ment of malaria in infants and pregnant women as well
as treatment of MDR-TB with second-line (more expen-
sive) drugs.

Some interventions, such as those requiring behavioral
change or those being implemented in Latin America,
cost more than US$400 per DALY prevented. These
include programs aiming to change sexual behavior as
well as vector control interventions for dengue. PrEP,
which includes provision of ART to the uninfected part-
ner in an HIV-serodiscordant couple, varies considerably
in cost-effectiveness, ranging from being cost saving to
costing more than US$5,000 per DALY prevented,
depending on the context.

Interventions can be cost-effective according to global
norms but still too expensive for most LICs to provide to
everyone in need, especially where prevalence of the
condition is high. Examples include the provision of
ART in low-income African countries (Alistar, Grant,
and Bendavid 2014) and the treatment of drug-resistant
TB (Fitzpatrick and Floyd 2012).

Certain other interventions are likely to be cost-
effective, but no studies could be identified for the con-
text. For example, needle exchange programs for
injection drug users are expected to be cost-effective
given that HIV prevalence among this group world-
wide is 19 percent; such programs could also prevent
hepatitis B and C (Wilson and others 2015). However,
cost-effectiveness estimates for needle exchange pro-
grams were not identified for low- or lower-middle-
income countries.

In yet other cases, studies evaluated interventions that
have been superseded by more effective measures, or
several studies of the same intervention had widely
divergent results. These have not been included among
studies used for the cost-effectiveness analysis of infec-
tious disease interventions (for example, PMTCT
Option A has now been supplanted by Option B/B+).

CONCLUSIONS

The variety and distribution of infectious diseases
have evolved over time, and they will continue to chal-
lenge the global community—as the Zika and Ebola
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virus outbreaks have reminded us over the past couple
of years. Through basic and translational research,
some of the most devastating diseases of human-
kind—polio, diphtheria, measles, and tetanus—have
been dramatically reduced, and smallpox has been
eradicated. Meanwhile, new pathogens emerge, and
newly drug-resistant organisms represent continuing
and unpredictable threats.

Four main challenges will need to be met to achieve
meaningful progress in the fight against the diseases
addressed in this volume.

1. Focusing and Targeting of Intervention Strategies

If we have relearned something in the decade since
DCP2, it is that infectious diseases are not distributed
uniformly—not across continents, not across coun-
tries, not even in communities. Strategies should be
designed to understand and respond appropriately to
disease hot spots and key populations, thus ensuring
access to the most effective interventions for the right
populations in the right places at the right time, espe-
cially in LMICs, where the disease burden is greatest.
Given the prodigious heterogeneity in the distribution
of diseases (both geographically and across population
subgroups) and the scarcity of resources, efficiency is
increased by matching those resources to the popula-
tions that would benefit the most. Globally, infectious
diseases disproportionately affect people in LMICs,
which, at current rates of progress, will bear the bulk of
premature deaths from infectious disease in 2030. In
LMICs, the poorer, more marginalized, and often stig-
matized populations are most at risk and the hardest to
reach. Whereas the need for treatment may become
obvious as it is demanded by the sick, the need and
demand for prevention are often poorly matched.
Prevention efforts can track incidence only if we know
where the incidence is highest, which requires purpose-
ful, population-based surveillance. Reaching marginal-
ized populations will require not only dedicating
resources to them but also working to remove the
stigma, discrimination, and taboos that hamper effec-
tive prevention and treatment.

2. Scale-Up of Interventions against Major Infectious
Diseases

Although we have evidence of interventions that work
to prevent and treat disease, in many cases, those ser-
vices have not been implemented at the scale necessary
to sufficiently reduce incidence and the resulting mor-
bidity and mortality. Scaling up these interventions
requires that they be tailored for distribution at the



lowest appropriate level of health care service delivery
and that staff is adequately trained and supervised.
Areas ripe for this approach include training of phar-
macists in syndromic treatment of STIs and malaria
RDTs at the lowest health care level. However, scale-up
will not be possible unless we address the next chal-
lenge: integration.

3. Integration of Services More Effectively across
Disease Areas

Reaching the world’s poor with an entire arsenal of
specialized clinics is impossible. People are frequently
affected by more than one condition: those who
are at risk for one NTD are also likely at risk for a
number of others; sex workers are at risk for multiple
STIs, and HIV patients are especially susceptible to TB
infection. Moreover, treatment of infectious disease
has grown increasingly complex (for example, ART
and TB treatment) as well as costly (as evidenced by
the new hepatitis C treatment). Consequently, efforts
to combat certain major diseases that have similar
modes of transmission (such as HIV, STIs, and hepati-
tis) would benefit from shared strategies for their
prevention and diagnosis. Although specialized care is
clearly needed for especially rare or difficult-to-treat
conditions, standardizing prevention and treatment
protocols and making information and communica-
tion technologies available enable care to be pushed
out to integrated service points close to where patients
live, study, and work. Proximity and integration of ser-
vices help ensure continuity of care from prevention or
diagnosis through treatment and follow-up care.
Addressing each of these challenges requires strength-
ening of health care systems, including communica-
tion; information technology; logistics, drug and
vaccine supplies; and training of health care providers,
which includes community health workers in LMICs.
Additionally, improving health care systems for infec-
tious diseases, particularly those such as HIV, TB, and
hepatitis that require extended medical treatment and
monitoring, provides a basis and could serve as a
model for improving care and treatment for noncom-
municable diseases.

4. Development of New Technologies—Drugs, Vaccines,
Diagnostics, Behavioral Interventions, and Delivery
Methods—to Prevent and Treat These Diseases

Most urgent is the need for the global community
to invest in developing new antimicrobials. This
approach includes rethinking global development
assistance to focus not only on providing services

and key inputs (drugs, diagnostics, and vaccines) but
also on financing research and development and
operational research to create new tools or to make
far better use of existing tools (Hecht and others
2012). In particular, as antimicrobial resistance con-
tinues to increase, diseases once thought to be highly
treatable could, without significant investment in
development of new drugs, pose a much more serious
threat to global health.

A generation ago, as antibiotics were cheating death
and vaccines were clearing diseases from entire conti-
nents, the world’s population believed that it was mov-
ing into the postinfectious disease era. HIV seemed to
be the exception that proved the rule and, at any rate,
would quickly be tamed with a vaccine. Instead, these
genetically facile microorganisms, which have survival
as their evolutionary goal, have taught us humility.
We will still be struggling against infectious diseases in
future generations, but the struggle will be far less
costly in lives and resources if we invest today in their
control.

ANNEXES

The following annexes to this chapter are available at
http://www.dcp-3.org/infectiousdiseases:

+ Annex 1A: Forty Sexually Transmitted and Sexually
Transmissible Pathogens

+ Annex 1B: Sources of Cost-Effectiveness Analysis for
Selected Infectious Disease Interventions
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NOTES

World Bank Income Classifications as of July 2014 are as fol-
lows, based on estimates of gross national income (GNI)
per capita for 2013:

*  Low-income countries (LICs) = US$1,045 or less
Middle-income countries (MICs) are subdivided:
(a) lower-middle-income = US$1,046 to US$4,125
(b) upper-middle-income (UMICs) = US$4,126 to
US$12,745
+ High-income countries (HICs) = US$12,746 or more.
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1. The US. Centers for Disease Control and Prevention
(CDC) assesses the severity of HIV disease by cluster
of differentiation 4 (CD4) cell counts and the presence
of specific HIV-related conditions. The WHO Clinical
Staging and Disease Classification System—which can
be used readily in resource-constrained settings without
access to CD4 cell count measurements or other diagnostic
or laboratory testing methods—classifies HIV disease on
the basis of clinical manifestations that clinicians can rec-
ognize and treat (U.S. Department of Health and Human
Services 2014).

2. For a comprehensive list of sexually transmitted and sex-
ually transmissible pathogens, see annex 1A at http://www
.dcp-3.org/infectiousdiseases.

3. Whether TB or HIV causes more deaths depends on how
one allocates the deaths in coinfected individuals. There is
no clear, correct answer.

4. SDG 3, titled “Good Health and Well-Being,” aims to
“Ensure healthy lives and promote well-being for all at
all ages.” It sets nine primary targets, including target
3.3: “By 2030, end the epidemics of AIDS, tuberculosis,
malaria and neglected tropical diseases and combat
hepatitis, water-borne diseases and other communicable
diseases.”

5. See table 14.2. “Nonmalarial Febrile Diseases: Exposure,
Diagnosis, Prevention, and Treatment” (Crump and others
2017, chapter 14 in this volume).

6. The 18th World Health Assembly-recognized NTDs are
Buruli ulcer, Chagas disease, dengue and chikungunya,
dracunculiasis (Guinea worm disease), echinococcosis,
food-borne trematodiases, human African trypanosomi-
asis (sleeping sickness), leishmaniasis, leprosy (Hansen’s
disease), lymphatic filariasis, mycetoma, onchocerciasis
(river blindness), rabies, schistosomiasis, soil-transmitted
helminthiases, taeniasis/cysticercosis, trachoma, and yaws
(endemic treponematosis) (“Neglected Tropical Diseases,”
WHO website, http://www.who.int/neglected_diseases
/diseases/en/).

7. The High-Level Political Forum on Sustainable
Development is the UN’s central platform for the
follow-up and review of the 2030 Agenda for Sustainable
Development (UN 2015a), adopted at the United Nations
Sustainable Development Summit on September 25,
2015 (“High-Level Political Forum on Sustainable
Development 2016: Ensuring that No One Is Left Behind,”
UN Sustainable Development Knowledge Platform,
https://sustainabledevelopment.un.org/hlpf/2016).

8. Asis represented by the photo on the cover of this volume,
the high global burden of infectious diseases (both in
humans and in animals), combined with the increasing
availability, use, and dispensing of antimicrobials (often
based upon syndromic diagnosis rather than on diagnos-
tic tests), contribute to the global acceleration of antimi-
crobial resistance.

9. The CHOICE (CHOsing Interventions that are Cost-
Effective) project is a WHO initiative developed in 1998
to provide policy makers with evidence for deciding on
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interventions and programs that maximize health for
the available resources (“Cost-Effectiveness and Strategic
Planning (WHO-CHOICE),” WHO website, http://www
.who.int/choice//en/). “An international dollar would
buy in the cited country a comparable amount of goods
and services a U.S. dollar would buy in the United
States (“What Is an ‘International Dollar’?” World Bank
Knowledge Base, https://datahelpdesk.worldbank.org
/knowledgebase/).

10. Gavi, the Vaccine Alliance is an international organization
established in 2000 to bring together the public and private
sectors with the shared goal of creating equal access to new
and underused vaccines for children living in the poorest
countries. For more information about Gavi’s vaccine
pricing strategy, see Gavi, the Vaccine Alliance (2011).
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