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PERSPECTIVE

Global Health’s Evolution
and Search for ldentity

Kevin M. De Cock

Despite earlier attempts to define global health, the disci-
pline’s boundaries are unclear, its priorities defined more
by funding from high-income countries from the Global
North than by global health trends. Governance and re-
source allocation are challenged by movements such as
decolonizing global health. Inherent contradictions within
global health derive from its historical evolution from tropi-
cal medicine and international health, as well as recent
trends in infectious diseases. Demographic, socioeco-
nomic, and epidemiologic transitions, including the rise
in noncommunicable diseases, have eroded the concept
of a binary world of developed and developing countries.
Competitive tension has emerged between aspirations for
global health security and health equity. Dominant prin-
ciples should focus on vulnerable populations, transna-
tional challenges such as migration and climate change,
appropriate prevention and care, and epidemic prepared-
ness and response capacity. As the 2030 target date for
the United Nations Sustainable Development Goals ap-
proaches, reconceptualization of global health is required,
or the discipline risks losing identity and relevance.

nterest in global health has increased in the 21st

Century, driven by new challenges to health se-
curity, as well as the need for intensified responses
to older concerns such as HIV/AIDS (1). Epidemics
and pandemics such as Ebola and COVID-19 attract-
ed extensive media coverage and disrupted whole
societies. Philanthropic and civil-society organiza-
tions increasingly influence policies and programs,
universities have expanded global health research
and teaching, and the authority of traditional play-
ers—governmental agencies and multilateral or-
ganizations—has been challenged. Social media’s
relentless expansion has broadened awareness but
also spread misinformation.

Despite this greater attention, the discipline of
global health is difficult to define, its boundaries are
uncertain, priority setting is unclear, and governance
is controversial. Humpty Dumpty’s comment that a
word can mean whatever he wanted it to mean could

Author affiliation: Independent consultant (Nairobi, Kenya)
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apply to the term global health (2). Some might argue
this lack of clarity does not matter, provided quality
work gets done; such imprecision, however, can neg-
atively influence understanding and communication
around health in the world, funding decisions, align-
ment between health needs and programs, and re-
search prioritization. A discipline without definition
cannot articulate a philosophic, technical, or moral
basis and risks losing cohesion of its community and
respect for its scientific value.

Defining a future vision for global health is
timely as the world considers requirements after the
COVID-19 pandemic and assesses progress toward
the United Nations 2030 Sustainable Development
Goals (3). Tension has emerged in the potentially
competitive quests for global health equity and global
health security; recent experience showed the Global
North (high-income countries, mostly of the North-
ern Hemisphere) turning inward in response to glob-
al epidemics. This article examines the origins and
meaning of the concept of global health, discusses
some of its contradictions and inconsistencies, and
proposes some considerations for the future.

Defining Global Health

Today’s global health is essentially whatever the
Global North characterizes as such. Global health
currently focuses on diseases, mostly infectious, of
the Global South (countries not defined as high-in-
come, mostly in the Southern Hemisphere), includ-
ing HIV/AIDS, malaria, and respiratory and diar-
rheal diseases of childhood. Most practitioners who
consider global health their prime discipline are from
the Global North, funded by northern governmen-
tal and nongovernmental agencies, universities, and
philanthropic organizations (4). Professionals from
the Global South rarely self-identify as global health
specialists, and they do not lead research or imple-
mentation in the Global North. Priorities, funding,
and activities are not well aligned with today’s global
burden of disease and trends. Decisions about glob-
al health program and research funding are mostly
made in the Global North, with limited involvement
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of the Global South. Today’s global health is not truly
global, and it is neither representative nor democratic.

Origins and History of Global Health

In an influential paper in 2009, Koplan et al. attempt-
ed to define global health (5). The discipline evolved
from earlier approaches to health in the world, from
tropical medicine and then international health. Geo-
political and health events over the late 20th Century
drove the evolution toward global health, but ambi-
guity and inherent contradictions have remained.

Tropical medicine developed in the late 19th and
early 20th Centuries in response to health needs of
European colonizing powers and their constituents.
Specialized schools were established in Liverpool,
London, and Antwerp, focusing on infectious, pre-
dominantly parasitic, diseases related to the tropical
environment. West Africa was called “the white man’s
grave” because so many colonialists died from malaria
and other epidemic-prone diseases. Control of sleeping
sickness in the Democratic Republic of the Congo up
to the time of independence illustrated the efficacy as
well as the rigidity of some colonial interventions (6).
Missionaries and militaries were players in the practice
of tropical medicine. The United States, not a classic co-
lonial power, contributed through efforts such as Wal-
ter Reed’s research on yellow fever and early programs
supported by the Rockefeller Foundation (7).

Although tropical medicine has receded as a
guiding concept (8), it spawned a modern movement
focused on neglected tropical diseases, diseases that
affect the poorest in the Global South (9). Contribu-
tions from the tropical medicine era continue to in-
form scientific understanding and modern infectious
disease control. Traditional schools of tropical medi-
cine identify themselves today as global health insti-
tutions but have retained their old names because of
their brand value.

The second half of the 20th Century saw 2 trends,
independence of the former European colonies and a
reduced burden of infectious diseases, at least in the
Global North. An overly optimistic interpretation was
that infectious diseases were vanquished (10). Tropi-
cal medicine became an obscure interest, dominated
by clinical parasitology. The early postindependence
world was divided into developed and developing
countries, with the former providing development
aid to the latter.

International health emerged and focused on ma-
ternal and child health, nutrition, family planning,
and population control for the developing world.
Health activities were peripheral to development
funding that emphasized agriculture and, to a lesser

extent, education. Health ministries in the Global
South were generally weak and of low visibility, espe-
cially compared with countries” ministries of finance
(11). The priority of the World Health Organization
(WHO) was primary healthcare, as documented in
1978 in the Declaration of Alma Ata (12).

Advocacy and programs addressed disparities in
maternal and child mortality (13). International health
saw a binary world in which health assistance offered
by rich countries to poor countries emphasized cost
effectiveness; for such countries, a lower standard
of interventions, prioritization of community health,
and little support for complex individual care were
tacitly accepted.

International health could nonetheless claim suc-
cesses. The eradication of smallpox was achieved
largely through collaboration between agencies with
international reach (principally WHO, Centers for
Disease Control and Prevention, and US Agency
for International Development) and countries of the
South (14). Leadership from the Global North pro-
vided political and financial support for reproductive
health, education and empowerment of women, and
child survival (15,16). Mortality rates among children
<5 years of age (under-5) and maternal deaths slowly
reduced, despite enormous disparities; still today,
sub-Saharan Africa and South Asia contribute more
than half of all childhood deaths worldwide (17).

It was not traditional health challenges that
promoted the concept of global health, but develop-
ments in other infectious diseases. Identification of
Ebola virus in 1976 followed descriptions of Lassa
and Marburg viruses in the 1960s (18-20). Recogni-
tion of AIDS in 1981 demonstrated the threat posed
by emergence of unknown infections (21). The in-
teraction between HIV and tuberculosis (TB) (22),
along with the spread of multidrug-resistant TB,
led WHO to declare TB a global emergency in 1993
(23,24). WHO established its first AIDS program
in 1986 under the leadership of the late Jonathan
Mann (25). The Special Programme on AIDS was
later renamed the Global Programme on AIDS;
its acronym, GPA, became synonymous with the
world’s response to the AIDS pandemic and was
probably the first entry of the term “global” into
widespread public health use.

Global Health in the Modern Era

Several influential documents were published in
the early 1990s in the face of worrying infectious
disease trends. The World Bank devoted its annual
report in 1993 exclusively to health (11); it asserted
that ill health was an impediment to the economic
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development of lower-income countries and that 3
diseases, AIDS, TB, and malaria, were disproportion-
ately restricting development in sub-Saharan Africa.
It also argued for increased investment in appropriate
clinical services such as for trauma and obstetric care,
a conceptual shift from international health’s general
avoidance of curative or individual care.

The importance of emerging and reemerging
infectious diseases was emphasized in publications
from the Institute of Medicine (today the National
Academy of Medicine of the National Academies of
Science) (26) and CDC, including launch of a new sci-
entific journal (27,28). Earlier opinions (10) that infec-
tious diseases were no longer relevant were rejected
as evidence mounted of new, newly recognized, re-
surgent, and drug-resistant infections. More than any
other disease, HIV/AIDS drove development of the
concept and practice of global health.

Demographic analyses over the 1990s showed
that countries in East and southern Africa were ex-
periencing major losses of life expectancy because
of AIDS (29), raising concern that generalized HIV
epidemics would engulf West Africa and the vast
populations of Asia. The link between HIV and
worsening TB trends was increasingly evident. The
uncontrolled AIDS pandemic, its multisectoral im-
pact, and skepticism about WHO’s effectiveness
led to the creation of the Joint United Nations Pro-
gramme on HIV/AIDS (UNAIDS), the first instance
of a multilateral body established to address a sin-
gle disease (30).

The 1996 International AIDS Conference in
Vancouver, British Columbia, Canada, represented
a watershed moment in science but also in advoca-
cy. Combination antiretroviral therapy (ART) was
shown to reverse immune deficiency and save lives
(31); activists and other commentators immediately
noted the inequity of drugs available in the Global
North but not in the Global South, where the AIDS
burden was highest. Patent protection, pharma-
ceutical profits, drug prices, generic medications,
flexibilities under the TRIPS Agreement, and access
to care became topics of passionate debate within
health circles. Four years later, the biannual confer-
ence held in Durban, South Africa, gave many of
the thousands of international delegates their first
exposure to realities in Africa, against a backdrop
of AIDS denialism by the country’s president and
fierce and eloquent activism from civil society (32).
AIDS now represented not only a health crisis but
also a political one of international dimensions.
Health had evolved from a development issue to a
geopolitical concern.

Global Health’s Evolution and Search for Identity

Increased Global Health Funding and

Changing Epidemiology

In the early 21st Century, discussions of global health
moved to the highest levels of political leadership
(30,33). UN Secretary General Kofi Annan called for a
war chest to combat disease in Africa. The UN-spon-
sored Millennium Development Goals defined 3 health
goals: child survival; maternal mortality; and AIDS, TB,
and malaria (34). The years 2002 and 2003 saw launch
of the Global Fund, WHO'’s 3x5 initiative (35), and the
US President’'s Emergency Plan for AIDS Relief
(PEPFAR) (36), as well as the President’s Malaria Initia-
tive (PMI) (37). Funding discussions were now about
billions, not millions, of dollars for health assistance.

Development assistance for health, excluding
funding for COVID-19, was almost $46 billion in
2021. Whereas this amount was vastly more than
in previous decades, it still represented <1% of the
world’s total health expenditures and less than one
third of health spending in the poorest countries (4).
Development assistance for health, which broadly
corresponds to the Global North’s conceptualization
of global health, is now a small proportion of current
health spending overall. Most health funding in the
Global South today comes from countries and their
own populations.

Before COVID-19, approximately one third of
assistance went to HIV/AIDS, TB, and malaria and
another one third to maternal, neonatal, and child
health. This funding has undoubtedly yielded results;
the under-5 mortality rate, for example, is less than
half what it was in 2000, and more than three quarters
of all persons living with HIV are now accessing ART.
Nonetheless, despite continued need in these areas,
development assistance for health is not matched to
the changing health trends of today’s world.

Infectious diseases are no longer the world’s lead-
ing cause of death; overall, three quarters of the ~60
million deaths annually are from noncommunicable
diseases (38). AIDS, TB, and malaria contribute <5%
of global deaths. Inadequate attention is given in the
Global South to structural interventions addressing
risk factors such as tobacco use and overconsumption
of salt and sugar. WHO has an ambitious agenda for
tackling the noncommunicable disease pandemic, de-
voting high-level meetings at the United Nations to
the topic (39,40); however, <2% of development as-
sistance for health addresses that increasing burden
in low- and middle-income countries (4).

Reinterpreting Global Health
Health in the world has changed. The 21st Century
has witnessed better understanding and lessening
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of the AIDS crisis; severe, widespread infectious
disease epidemics, especially from different vi-
ruses such as Ebola, dengue, chikungunya, yellow
fever, SARS, and others; the influenza (HIN1) and
COVID-19 pandemics; improved child survival and
life expectancy; and relentless increase in the bur-
den of noncommunicable diseases (41). Conceptual
shifts include increased recognition of intercon-
nected global vulnerability to infectious diseases
and other health shocks; emergence of new, transna-
tional challenges to health, such as climate change;
and realization that countries are more similar than
different in our changing world.

Earlier division of the world into the “us and
them” of developed and developing countries no lon-
ger holds. As the concept of global health was matur-
ing, the World Bank introduced a stratification of na-
tional economies into high-income, middle-income,
and low-income countries (with middle divided into
upper- and lower-middle). In the last century, dis-
parities in wealth were greatest between the Global
North and Global South. Today, enormous disparities
in wealth exist within countries, and most poor per-
sons in the world live in countries no longer consid-
ered low income. Geopolitics also evolved after the
Cold War; countries of the Global South are more ac-
tive and independent on the world stage. Multilateral
agencies established after World War II to deal with
reconstruction or population displacement seem in-
creasingly maladapted to changed realities.

Everywhere, health and demographic transitions
are contributing to improved child survival, lower
fertility, higher life expectancy, reduced infectious
disease burden, and increased “lifestyle” diseases
that result from socioeconomic developments and
commercial forces. Although such transitions are
unequally distributed and widely staggered in time,
countries are essentially on the same demographic
and health trajectories toward safer, longer, healthier,
yet still finite lives (42). Such a synthesis necessarily
overlooks stubborn disparities. Simplification should
not obscure local or regional epidemiology such as
persistent HIV epidemics in sub-Saharan Africa, sta-
ble malaria in specific settings, or high rates of TB in
certain populations.

Two exceptions limit those generalizations. First,
in the very poorest countries, infectious diseases re-
main disproportionately high, especially neonatal
conditions, lower respiratory infections, diarrheal
diseases, and malaria (38). Second, there are those
countries that the Global Fund characterizes as chal-
lenging operating environments, threatened by con-
flict, mismanagement, or other manmade or natural

disasters (43). In such contexts with failing or disrupt-
ed health systems, traditional health assistance and
humanitarian support remain priorities, and health
trends may stagnate or reverse.

Global Health Beyond the Sustain-

able Development Goals

Our current situation is of health assistance that is
mismatched to disease burden, combined with lurch-
ing, reactive funding to predictably unpredictable ep-
idemics. Comprehensive discussion of overall global
health priorities, irrespective of funding sources, is
lacking. The memory and lingering consequences of
COVID-19 have elevated the importance of political,
technical, legal, and financial aspects of pandemic
preparedness (44), but those factors constitute only
one element of global health. Similarly, reinterpreta-
tion of global health should not preclude funding for
prior, unfinished priorities.

The first requirement is clarity on philosophic
principles and ambitions. Protection of human rights
and recognition of vulnerability are fundamental. So-
cial justice, a fair distribution of the benefits and bur-
dens of society, and respect for human dignity must
be guiding principles, all aiming to reduce disparities
in health and well-being. Global health should focus
on issues that are transnational, cross borders, af-
fect multiple countries, and cannot be addressed by
one nation alone. Containment of epidemic-prone
infectious diseases, with all the requirements from
diagnostic capacity to health commodities such as
vaccines, is an example that combines the search for
equity as well as security. Applied to both health and
security, equity means the same outcomes irrespec-
tive of different investments required.

The evolving crises of climate change and migra-
tion offer other examples of transnational challeng-
es. Noninfectious threats such as global warming or
conflict-driven population displacement exemplify
the unequal vulnerability of certain populations.
Another area of preventable illness and deaths for
global health is that related to violence and injuries,
intentional as well as unintentional, extending from
physical conflict to adverse road traffic and occupa-
tional events.

Global health must champion the needs of the
disadvantaged, which includes the poor, the dis-
abled, and the marginalized, such as sex workers,
prisoners, persons with substance use disorders, the
elderly, migrants, and other socially excluded groups.
Global health is necessarily political, needing to ad-
dress structural risk factors and social and economic
determinants that drive ill health. Approaching such
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causes of the causes of disease may engender contro-
versy that is best met head-on by commitment to basic
principles, strong science, and clear communications.

Global health must act with the speed of rele-
vance, greater than that often observed in traditional
health diplomacy, and with a technical emphasis on
implementation science. Health systems, national
public health institutes, universal health coverage,
and benefits and weaknesses of horizontal versus ver-
tical interventions will remain topics of debate (1,45).
Laboratory, diagnostic, data management, and ana-
lytic capacity are currently inadequate and unequal.
Access to increasingly important advances in infor-
matics, artificial intelligence, and genomics must be
assured globally.

The essentials of global public health systems are
relevant to all countries and populations. Defining
frameworks assists in drawing boundaries for global
health and identifying priorities. Potential approach-
es are to dissect health requirements by life stages;
viewing health through a prism of development, se-
curity, and public health (1); or prioritizing topics rel-
evant to the global community, rather than to just an
individual country (Table).

A life-stage approach could accommodate de-
mographic changes occurring throughout the world.
Younger nations, for example, face a youth bulge re-
quiring investment in youth-friendly services, pre-
vention of injuries, and attention to mental illness, in-
cluding substance use, that has its highest incidence
in younger age groups. By contrast, countries with
aging populations need to address challenges such
as neurodegenerative conditions, frailty, multisystem
disease, and need for social care.

The framework of development, security, and
public health offers lenses through which to analyze
global health. Nutrition, secure food supplies, and re-
productive health services are core issues for devel-
opment. Epidemic and pandemic response capacity,
strengthening One Health approaches (46), and ad-
dressing migrant health are essential to security. In-
terventions mediating health effects of climate change
or expanding access to preventive and treatment ser-
vices for noncommunicable diseases promote public
health worldwide. Re-envisioning global health must
continue to address uncompleted objectives; mil-
lions of persons, for example, remain dependent on
PEPFAR for access to lifesaving medications.

Governance, Funding, and Historical Legacies

Any discussion of global health requires consider-
ation of funding and governance. WHO remains the
fulcrum for formulating global health policy, but

Global Health’s Evolution and Search for Identity

Table. Essentials for global public health in a One Health
approach*

Elements of public health

Resilient health systems, governance, and financing
Epidemiologic surveillance and response capacity

National public health institutes

Health research capacity

Expertise in public health law

Neonatal and child health services

Maternal health services

Clinical services

Sexual and reproductive health services

Control of infectious diseases, including One Health and
vaccination services

Nutrition and food safety

Water, sanitation, and hygiene

Air quality

Migrant health services

Mental health services, including for substance use and addiction
Occupational safety and health

Injury prevention and control, including transportation safety
Environmental health

Health mitigation of climate change

General health promotion and education

*One Health is an integrated, unifying approach that aims to sustainably
balance and optimize the health of people, animals and ecosystems.
Source: World Health Organization. https://www.who.int/health-topics/
one-health

the agency is often far removed from programmatic
funding and field realities. The COVID-19 pandemic
showed that what mattered most for pandemic con-
tainment was strength and resiliency of systems,
national and local leadership, and social cohesion.
Within such parameters, development assistance
for health represents a small contribution to overall
health requirements. If, like politics, all public health
is local, all global health must be national.

Recent years have witnessed calls in the Global
North for diversity, equity, and inclusion and emer-
gence of sociopolitical movements such as Black Lives
Matter and #MeToo. Appeals for decolonization of
historic museums and statues have extended to de-
velopment assistance and global health itself (47-49).
Decolonizing also lacks a clear definition; interpreta-
tions range from total rejection of current geopoliti-
cal and economic systems to more modest shifts in
decision-making authority.

The “decolonizing global health” movement
links global health back to tropical medicine and its
origins, including the fact that prestigious institutes
were established with funds derived from colonial-
ism and some of its abuses (50; D. Molyneux, unpub.
data, lecture to the Liverpool Medical Institution,
“The Liverpool School of Tropical Medicine: Role
in the Development of Tropical Medicine”). Despite
controversial aspects only clarified retrospectively,
tropical medicine provided fundamental knowledge
for today’s neglected tropical disease control efforts,
parasitology, medical entomology, arbovirology, and

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 31, No. 1, January 2025 5


http://www.cdc.gov/eid

PERSPECTIVE

much else. Assuring a just and better future influ-
enced by necessary evaluations of a past we cannot
change requires judgment.

Issues at stake today include global health lead-
ership, priority setting, funding, and management
of health research and programs in low- and mid-
dle-income settings. “Blowing everything up” risks
overall disruption and interruption of care and
programs for vulnerable populations. Understand-
ably, taxpayers in the Global North will continue
to expect accountability for use of development
assistance funds. To some proponents, however,
evolution toward greater fairness and inclusion
seems slow and inadequate, and questions of pow-
er and trust must be addressed. If global health is
to be global and inclusive, power cannot remain
held exclusively in the Global North; broader
trust lost during the COVID-19 pandemic needs to
be regained.

Conclusions

The discipline of global health is at an inflection point.
It must refashion itself to ensure health security as
well as delivery of services for the health trends of the
coming decades, all in a spirit of solidarity and fair-
ness. If not, global health risks eroding in relevance
as a discipline and overarching health concept in an
altered world. Such was the fate of tropical medicine.
With the Sustainable Development Goals end date
approaching, there is no room for delay.

Despite recent backlash against globalization and
its unforeseen negative effects, the genie of globalized
public health risk and information access is well out
of the bottle. Change in global health conceptualiza-
tion and implementation must be evaluated in real
terms: disease and deaths averted, lives improved
and prolonged. Our ultimate global health goals are
security and also equity. Global health is what we as
a global community can and must do for our world to
be safe as well as healthy.
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Streptococcus pneumoniae infection is considered an
uncommon cause of arthritis in adults. To determine
the clinical and microbiological characteristics of pneu-
mococcal septic arthritis, we retrospectively studied a
large series of cases among adult patients during the
2010-2018 conjugate vaccine era in France. We iden-
tified 110 patients (56 women, 54 men; mean age 65
years), and cases included 82 native joint infections and
28 prosthetic joint infections. Most commonly affected
were the knee (50/110) and hip (25/110). Concomitant
pneumococcal infections were found in 37.2% (38/102)
and bacteremia in 57.3% (55/96) of patients, and under-
lying conditions were noted for 81.4% (83/102). Mortal-
ity rate was 9.4% (8/85). The proportion of strains not
susceptible to penicillin was 29.1% (32/110). Of the 55
serotyped strains, 31 (56.4%) were covered by standard
pneumococcal vaccines; however, several nonvaccine
serotypes (mainly 23B, 24F, and 15A) had emerged, for
which susceptibility to B-lactams was low.

eptic arthritis is a serious infectious disease caused

by invasion of microorganisms (most commonly
bacteria) into the synovial membranes and result-
ing in purulent joint effusion. It constitutes a medi-
cal emergency and is associated with high morbidity
and mortality rates (1-4). In industrialized countries,
the annual incidence of proven or probable septic ar-
thritis is #4-10 cases/100,000 general population but
among persons with rheumatoid arthritis or other
underlying joint disease is significantly higher (30-70
cases /100,000 population) (1-4). The increased preva-
lence of septic arthritis over recent decades might be
associated with population aging, wider use of im-
munosuppressive drugs, and the growing number of
invasive orthopedic and prosthetic procedures (1-4).
The pathogen most frequently involved in sep-

tic arthritis is Staphylococcus aureus, followed by
Streptococcus spp. (mainly B-hemolytic streptococci
and, more rarely, viridans streptococci) (2-5). How-
ever, 0.6%-5.0% of cases are caused by Streptococcus
pneumoniae (4,6-15), a common cause of community-

Pneumococcal Septic Arthritis among Adults, France

acquired pneumonia, otitis, sinusitis, and invasive
diseases, especially among persons <2 or >65 years of
age and among patients with underlying conditions
(13,16). Invasive pneumococcal disease (IPD) is a ma-
jor public health problem; reported annual incidence
is 7-97 cases /100,000 adult population (13).

Key tools in the clinical management of IPD are
antimicrobial therapy and vaccination. Because of
increased antimicrobial resistance, pneumococcal
vaccination is becoming a major public health issue
(17-22). Two types of pneumococcal vaccine are rec-
ommended for adults with underlying conditions:
a 23-valent pneumococcal polysaccharide vaccine
(PPV23) and a 13-valent pneumococcal conjugate
vaccine (PCV13). Use of PCVs has reduced the bur-
den of pneumococcal diseases and led to a signifi-
cant decline in vaccine serotypes in IPD across all
age groups. However, the incidence of IPD is still
high, which might result primarily from serotype
replacement (21,22). In some countries, age-based
guidelines for pneumococcal vaccination have been
issued for persons >65 years of age (16). During
June 2010-2023, public health authorities in France
recommended that for adults at risk for IPD (im-
munocompromised patients, including recipients of
solid-organ or hematopoietic stem cell transplants,
patients with AIDS, and patients with chronic kid-
ney disease or diabetes mellitus), a dose of PCV13
should be followed by a dose of PPV23 (23-25) (Ta-
ble 1). In July 2023, PCV20, which contains 7 more
serotypes than PCV13, was authorized in France.
Because those serotypes are also in PPV23, PPV23
is no longer recommended (26). Of note, a 21-valent
pneumococcal conjugate vaccine, which covers sero-
types not yet covered by any other vaccine, has also
been recently licensed (27).

To determine the clinical and microbiological
characteristics of pneumococcal septic arthritis, we
retrospectively studied a large series of cases among
adult patients during the 2010-2018 conjugate vaccine
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Table 1. National health authority guidelines on pneumococcal vaccination for adults at risk for pneumococcal disease, France*

Characteristic 2017 guidelines 2023 guidelines
Age 265y No recommendation No recommendation
Alcohol use

Active smoking

Immunocompromised patients: asplenia or hyposplenia, hereditary immune

1 dose of PCV13 1 dose of PCV20

deficiency, HIV infection, solid organ transplant, hematopoietic stem cell, +

chronic autoimmune or inflammatory disease treated by immunosuppressive
or biological drugs, nephrotic syndrome, or patients treated by chemotherapy

for a solid tumor or hematologic malignancy

Patients with chronic diseases: chronic respiratory disease, severe asthma,
heart failure or cyanotic heart disease, renal failure, chronic liver disease,

diabetes mellitus, osteomeningeal breach, or cochlear implant

8 weeks later: 1 dose of
PPV23
+
5 years later: 1 dose of
PPV23

*PCV13,13-valent pneumococcal conjugate vaccine; PCV20, 20-valent pneumococcal conjugate vaccine; PPV23, 23-valent pneumococcal

polysaccharide vaccine.

era in France. In accordance with the legislation on
retrospective, observational studies of clinical prac-
tice in France, patients’ informed consent was not
required. Our study was approved by the French
National Data ProtectionCommission (reference
CNIL 2217356v0).

Patients and Methods

During January 1, 2010-December 31, 2018, we con-
ducted a retrospective study of cases of pneumococcal
septic arthritis (PSA) in adults (>18 years of age) re-
ported to 15 university hospital laboratories in France
(all members of the Regional Pneumococcal Observa-
tories network). We defined cases of PSA as those in
patients with a S. pneumoniae-positive culture from
joint aspirates or biopsy samples, a pneumococci-
positive blood culture with purulent or inflammatory
joint aspirates, or both. We used an anonymous form
to retrospectively extract patients” demographic and
clinical characteristics (including age, sex, and under-
lying conditions), microbiological data, medical and
surgical treatments, and outcomes (including death)
from medical records.

Statistical Analyses

In a descriptive analysis, we expressed categorical
variables as the frequency (percentage) and continu-
ous variables as the mean + SD or the median (range),
depending on data distribution. We analyzed data
with the pvalue.io tool (Medistica, https://www.
pvalue.io), using y* and Fisher exact tests. We set the
threshold for statistical significance at p<0.05.

Results

Population Characteristics

During the 9-year study period, 110 (3.1%) of the
3,501 cases of IPD were ascribed to PSA; the propor-
tion increased slightly over time, albeit not signifi-
cantly (p = 0.26) (Figure 1). Of the 110 case-patients,
56 were women and 54 men; mean * SD age was 65.1
*14.6 (range 31-93) years. More than half (52.7%, n =
58) of the patients were <65 years of age. On average,
women (mean age 67.6) were slightly (but not signifi-
cantly) older than men (mean age 62.4 years; p = 0.06).
The number of cases increased with patient age, and
no patients were <30 years of age.

Figure 1. Trends in the frequency
of pneumococcal septic

arthritis cases among adults

as a percentage of all invasive
pneumococcal disease cases, by
year, France, 2010-2018. Blue
line indicates actual values; red
line indicates overall trend.
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Clinical Characteristics

Native joint infections (N]Is) accounted for the high-
est proportion of cases (75%; n = 82), and prosthetic
joint infections (P]Is) affected 28 (25%) patients (Table
2). Patients with a PJI were significantly older (mean
age 71.6 £ 13 years) than those with an NJI (62.8 £ 14.5
years; p = 0.01). The most common signs/symptoms
were pain (88.3%) and edema (45.8%). Fever affected
only 26.7% of patients. The median diagnostic delay
for PSA was 1 day (range 1-60 days).

Pneumococcal Septic Arthritis among Adults, France

Of the 110 patients, 94 had single-joint PSA and
16 had PSA in >2 joints. Multiple-joint PSA was more
common in patients with an NJI (93.7%; 15/16 pa-
tients) than a PJI (6.2%; 1/16 patients); p<0.01 and
was more common among younger patients.

The most commonly involved joint was the knee
(45.5%; 50/110 patients), followed by the hip (22.7%;
25/110 patients) (Table 2). The hip was more com-
monly affected in patients with a PJI (57%, 16/28
patients) than an NJI (11%, 9/82 patients; p<0.001),

Table 2. Clinical, treatment-related, and prognostic characteristics of patients with pneumococcal septic arthritis, France, 2010-2018*

Characteristic or finding

Value

Demographic

Sex
F 56/110 (50.9)
M 54/110 (49.1)
Age, y, mean £ SD 65.1+14.6
>65y of age 52/110 (47.3)
Clinical variables
Pain 30/110 (27.5)
Pain + fever + edema 74/110 (67.9)
Native joint 82/110 (74.6)
Prosthetic joint 28/110 (25.4)
Single joint affected 94/110 (85.5)
Multiple joints affected 16/110 (14.5)
Joints affected
Knee 50/110 (45.5)
Hip 25/110 (22.7)
Ankle 15/110 (13.6)
Spondylodiscitis 15/110 (13.6)
Wrist 10/110 (9.1)
Shoulder 8/110 (7.3)
Sacroiliac joint 4/110 (3.6)
Elbow 1/110 (0.9)
Acromioclavicular joint 1/110 (0.9)
Pubic symphysis 1/110 (0.9)
Concomitant infections
Bacteremia 55/96 (57.3)

Respiratory infection

29/102 (28.4)

Endocarditis 5/102 (4.9)
Meningitis 4/102 (3.9)
Main medical risk factor
Hematologic malignancy 12/83 (14.4)
Diabetes 11/83 (13.2)
Alcoholism 8/83 (9.6)
Active smoking 8/83 (9.6)
Multiple myeloma 6/83 (7.2)
Solid cancer 6/83 (7.2)
Chronic kidney failure 6/83 (7.2)
Splenectomy 5/83 (6.0)
Heart disease 4/83 (4.8)
Rheumatoid arthritis 3/83 (3.6)
HIV 3/83 (3.6)
Antimicrobial therapy, mean + SD duration, d
Duration of intravenous drug therapy 19.1+15.2
Overall duration of antimicrobial therapy 54.1£54.3
Surgery
Joint drainage or lavage 44/86 (51.2)
Arthrotomy 13/86 (15.5)
Prothesis removal or replacement 16/26 (61.5)
Outcome
Sequelae 9/82 (11)
Death 8/85 (9.4)

*Values are no. cases/total no. (%) unless otherwise indicated.
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and the knee was more commonly affected in patients
with an NJI (48.8%, 40/82) than a PJI (35.7%, 10/28;
p = 0.27), albeit not significantly (Figure 2). Spon-
dylodiscitis was diagnosed for 13.6% (15/110) and
sacroiliac joint infection for 3.6% (4/110) of patients;
acromioclavicular joint infection was observed in 1
(1%) patient. Among the 16 patients with multiple-
joint PSA, infected sites included the wrist (n = 8),
ankle (n =7), shoulder (n = 5), and elbow (n =1); 9
(56%) of the 16 patients had either ankle or wrist and
knee involvement. When considering the PSA site as
a function of the patient’s sex, knee involvement was
more common among men (53%) than women (39%)
but not significantly (p = 0.16). Hip involvement was
less common among men (17%) than women (29%)
but not significantly (p = 0.28). PSA was more com-
mon among women (32%) than men (19%) but not
significantly (p = 0.1).

Among the 96 patients for whom blood cultures
were performed, bacteremia was found in 55 (57.3%).
Bacteremia was significantly more common among
patients with an NJI (87%; 48/55) than a PJI (13%;
7/55; p<0.01), more common in knee joints (58%;
32/55) than in hip joints (14.5%; 8/55; p<0.01), and
more common among women (58%; 32/55) than men
(42%; 23/55; p = 0.036). Bacteremia was more com-
mon among patients >65 years of age than among
younger patients (Table 3).

We found that 37.2% (38/102) of patients for
whom data were available had prior or concomitant
pneumococcal infections; infections mainly affected
the respiratory tract (28.4%; 29/102). Of 102 patients,
5 (4.9%) had endocarditis and 4 (3.9%) had meningi-
tis; both conditions were more common among pa-
tients with multiple-joint PSA.

Underlying Conditions and Pneumococcal

Vaccination Status

At least 1 risk factor was noted for 83 (81.4%) of the
102 patients for whom data were available, and no risk
factors were noted for 19 (18.6%) patients (p<0.0001).
The underlying conditions were mainly hematologic
malignancies (n = 12), diabetes (n = 11), solid cancers
(n = 6), and chronic kidney failure (n = 6). Underly-
ing joint disease was documented for 3 patients, and
alcoholism and active smoking were documented
for 8 patients. Vaccination status data were avail-
able for 32 (29.1%) of the 110 patients, only 7 (21.8%)
of whom had been vaccinated against pneumococci
(PCV13+PPV23, n =1; PPV23, n = 6).

Laboratory Findings

Joint aspirates or biopsy samples were obtained from
109 patients, among whom all samples were inoculat-
ed into blood culture vials for 23 patients. Microscop-
ic analysis results were therefore available for only 86
patients. For 81 (94.2%) joint aspirates, the leukocyte
count was >10 x 10° cells/mm?® (range 10-320 x 10°
cells/mm?®). Gram-staining results were available for
78 (91%) of the 86 joint aspirate samples and revealed
gram-positive cocci in 52 (67%).

Of the 109 samples, S. pneumoniae was the only
isolated pathogen for 107 (98.2%). Pneumococcal
bacteremia was detected in 55 (57.3%) of the 96 pa-
tients for whom peripheral blood samples had been
obtained. S. pneumoniae isolates were recovered
from joint aspirates or biopsy samples and periph-
eral blood cultures for 52 (54.2%) of the 96 patients.
For 3 patients, a bacteriological diagnosis of PSA
was based exclusively on the positive peripheral
blood culture.

Figure 2. Distribution of pneumococcal joint infections in adults with pneumococcal septic arthritis, by joint and by sex, France, 2010—
2018. A) Native joint infections (n = 82); B) prosthetic joint infections (n = 28).
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Table 3. Characteristics of patients with pneumococcal septic arthritis, by age, France, 2010-2018*

Characteristic

No. patients/no. with available data (%)

Age >65y, n =52 Age <65y, n =58 p value

Underlying condition(s)

39/102 (38.2) 44/102 (43.2) 0.2

Multiple-joint infection 3/16 (18.75) 13/16 (81.25) 0.018
Prosthesis 18/28 (64.3) 10/28 (35.7) 0.06
Bacteremia 31/55 (56.4) 24/55 (43.6) 0.03
Penicillin-nonsusceptible pneumococcus 20/32 (62.5) 12/32 (37.5) 0.06
Serotype
PCV13 + PPV23 17/34 (50) 17/34 (50) 0.3
Non-PCV13, non-PPV23 8/21 (38) 13/21 (62)
Death 5/8 (62.5) 3/8 (37.5) 0.27

*Boldface indicates statical significance (p<0.05). PCV13,13-valent pneumococcal conjugate vaccine; PPV23, 23-valent pneumococcal polysaccharide

vaccine.

The Alere BinaxNOW (Abbott Diagnostics,
https:/ /www.globalpointofcare.abbott) pneumococ-
cal urinary antigen (PUA) testing was performed for
15% (17/110) of the patients and was positive for 11
(64.7%). Of the 11 patients, 9 (81.2%) had bacteremia.

Antimicrobial susceptibility testing showed that
29.1% (n = 32) of the 110 isolates tested had low-level
resistance to penicillin (i.e., were penicillin-nonsus-
ceptible pneumococci [PNSP]), 7.3% (n = 8) had low-
level resistance to amoxicillin, and 2.7% (n = 3) had
low-level resistance to third-generation cephalospo-
rins. No strain was categorized as having high-level
resistance to any of the B-lactams.

Serotype data were available for 55 of the 110
strains: 10 (18.2%) were covered by PCV13 (serotypes
1, 3, 6A, 7F, 19A, and 19F), 32 (58.2%) were covered
by PPV23 (mainly 8, 9N, 10A, 12F, and 22F), and 21
(38.2%) were not covered by those vaccines (mainly
23B, 24F, and 15A). Vaccination coverage for both
PCV13 and PPV23 was 62%. Of the 55 serotyped
strains, 16 (29.1%) were PNSP. Of those, 4 (25%)
were covered by PCV13 and 5 (31%) were covered
by PPV23; 10 (62.5%) were not covered by PCV13 or
PPV23 (mainly 15A, 23B, 24F). Three serotypes (15A,
19F, or 29) had low-level resistance to amoxicillin,
and 1 isolate (serotype 1) had low-level resistance to
third-generation cephalosporins (Figure 3).

Treatments and Outcomes

Of the 100 patients with available data, 94 (94%) re-
ceived a combination of 2 intravenous antimicrobial
drugs, mainly amoxicillin (65%) or third-generation
cephalosporins (24%) and gentamicin (24%) or le-
vofloxacin (22%). Those treatments were followed
by oral amoxicillin (75%), levofloxacin (31%), or ri-
fampin (15%), alone or in combination. The mean
duration of antimicrobial therapy was longer among
patients with a PJI (94.5 days) than patients with an
NJI (38.8 days; p<0.01). In addition to antimicrobial
therapy, 63 (73%) of the 86 patients with available
data underwent surgery. Of the 82 patients with an

NJI, 47 (57.3%) underwent >1 surgical intervention
(arthrotomy or joint drainage), and the prosthesis
was removed or replaced for 16 (61.5%) of the 26 pa-
tients with a PJI (Table 2).

Sequelae such as mobility problems and chronic
pain were noted for 11% (9/82) of patients with avail-
able data, one of whom with an NJI subsequently
underwent amputation. The mortality rate was 9.4%
(8/85 patients for whom data were available).

Discussion

Previous studies have reported that PSA accounted
for 0.6%-5% of IPD in adults (4,6-15). Consistent with
those findings, we found that the overall proportion
of PSA to total IPD cases was 3%. That rate increased
slightly over the study period; in contrast, the preva-
lence of IPDs has decreased in France and in most parts
of the world because of conjugate vaccine pressure
(21,22,28,29). The change has contributed to emergence
of non-PCV13 serotypes and rebounded incidence of
IPD among adults in several countries (22,28-31).

Among adults, IPDs are more frequently en-
countered in persons >65 years of age, persons with
underlying conditions (e.g., hematologic malig-
nancies, diabetes, active smoking, and alcoholism)
(13,16,17,32,33), or both. In our study, 97 (88%) of the
110 patients were >65 years of age, had underlying
conditions, or both. Almost half of patients (47.3%)
were >65 years of age, a proportion lower than previ-
ously reported (62.5%-64%) (12,14). It has also been
suggested that male sex may represent a risk factor
for septic arthritis, including PSA (11,12,15,34). In our
study, however, PSA was equally common among
women and men.

In accordance with several previous studies (6-
8,10-12,14,35), we found that the most frequently af-
fected joint was the knee. In contrast to other studies
in which the shoulder was the second most common-
ly affected site (7.8%) (6,7,9,11,12,15,36,37), we found
the second most frequently affected joint to be the hip
(22.7%). That discrepancy could be because PJIs were
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excluded in several published studies and because
the frequency of PJIs (most of which were hip pros-
thesis infections) was higher in our study (25%) than
that reported in other studies (13%) (7-10,12).

The proportion of patients in our study with
spondylodiscitis (13.6%) was also higher than that re-
ported in the literature (0-6.4%) (6-8,10-12,14,35,38).
The difference might be associated with the possible
underdiagnosis of pneumococcal vertebral infections,
as suggested by Suzuki et al. (38). Although a sig-
nificant intersex difference was not observed for PSA
overall, PJIs were more common among women than
men, which has been observed previously (39). The
intersex difference probably results from the greater
life expectancy for women than men in Western coun-
tries (40). Among adults, multiple joint infections are
caused more commonly by S. pneumoniae than by
other bacterial pathogens (8,9,37). In accordance with
data in the literature (3,8,11,12,14,32), we found that
multiple-joint PSA affected mostly native joints.

It has been reported that prior or concomitant
pneumococcal infections (including meningitis and
endocarditis) may be frequent (range 37.5%-67%)
among patients with PSA (6-10,12,14,37). In our
study, those infections were noted in 37.2% of pa-
tients; meningitis, endocarditis, or both were found
in patients with a knee NJI or multiple-joint PSA.
The proportion of patients with bacteremia (57.3%)
in our study was in accordance with literature values
(55%-100%) (3,5,6,8-11,14). However, in contrast to 2
published studies (9,14) but in agreement with a third
(32), we observed that bacteremia was more common
among patients with an NJI than those with a PJI. The
frequency of documented bacteremia emphasizes the
value of obtaining blood cultures in addition to joint
aspirates or biopsy samples before initiating antimi-
crobial therapy (9,14,37).

In our study, positive Gram staining (which leads
to a rapid diagnosis and narrows the scope of empiri-
cal treatment) was noted for 67% and a positive cul-
ture was noted for 98% of patients. Our results are
consistent with reports in the literature (5-10,14,37).
In contrast, the sensitivity of the PUA was lower in
our study than in the literature (41). The discrepancy
might result from the fact that PUA testing was not
performed for all patients but was perhaps also as-
sociated with changes in the distribution of the pneu-
mococcal serotypes (42,43). Indeed, sensitivity ap-
pears to vary among serotypes (e.g., from 33.1% for
23B to 100% for 18C and 20) because of differences in
C polysaccharide composition (42).

Most of the strains obtained from patients with
PSA have been reported as being susceptible to
B-lactams (6-10,35). In contrast, we found that 29%
of the strains—mostly nonvaccine serotypes such
as 23B, 24F, and 15A —had low-level resistance to
B-lactams. Our results are consistent with those re-
ported in a single-center study performed in France
during the same study period and in agreement
with the overall proportion of PNSP among patients
with IPD in France during 2010-2021 (27.2%-29.8%)
(14,22). Indeed, in the PCV13 era, the proportion of
PNSP is still high in France, and during 2010-2020,
the proportion of PNSP among patients with IPD in
the United States fell from 21% to 12% (44). Those dif-
ferences can be explained by geographic differences
in serotype replacement (28,45-47) and in susceptibil-
ity to B-lactams (28,45).

Given the potential severity of septic arthritis, pa-
tients should be hospitalized for early diagnosis and
prompt treatment (2). In our study, the median time
from hospital admission to PSA diagnosis was 1 day,
which is consistent with standard of care. However,
the interval was often longer for patients with a PJI

Figure 3. Streptococcus
pneumoniae serotype distribution
and B-lactam susceptibility in
adults with septic arthritis, France,
2010—-2018. Boxes indicate
serotype distribution within different
vaccines. ANSP, amoxicillin-
nonsusceptible pneumococcus;
CNSP, (third-generation)
cephalosporin—nonsusceptible
pneumococcus; PCV13,13-valent
pneumococcal conjugate vaccine;
PNSP, penicillin-nonsusceptible
pneumococcus; PPV23, 23-valent
pneumococcal polysaccharide
vaccine; PSP, penicillin (B-lactam)-
susceptible pneumococcus.
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(median 2 days) or spondylodiscitis (6 days), which
might result at least in part from the low specificity
of the signs and symptoms. In our study, we found
that amoxicillin and third-generation cephalosporins
(alone or in combination) are most commonly used
to treat PSA (6,7,10,48,49). To the best of our knowl-
edge, no high-quality, randomized, controlled stud-
ies of the optimal treatment duration for septic arthri-
tis have been performed. Thus, the current treatment
guidelines are based on expert opinions. Although
the optimal treatment duration for PJI is still subject
to debate (32), 4 weeks of therapy are considered
sufficient for uncomplicated PSA (6,8,48). It has also
been suggested that 2 weeks of therapy may be ad-
equate for uncomplicated septic arthritis of the small
joints, including PSA (15). In our study, NJIs always
occurred in large joints (except for in 1 patient who
had acromioclavicular arthritis), and the mean treat-
ment duration was ~6 weeks. One can speculate that
the course of antimicrobial treatment could be safely
shortened for some patients. However, that specula-
tion remains to be confirmed because a lack of data
and the small number of patients prevented us from
establishing a correlation between occurrence of com-
plications and treatment duration. Antimicrobial
therapy may be successful in the absence of drainage.
However, the best treatment for septic arthritis is con-
sidered to be the combination of drainage and anti-
microbial therapy (1,5-10). In our study, arthrotomy
and joint drainage were performed for patients with
N]Is. For patients with PJIs, the prosthesis (mainly the
hip) was removed or replaced, as is often suggested
for patients with chronic prosthetic septic arthritis
or septic arthritis caused by other bacteria, such as
staphylococci (8,32,48,49).

The proportion of patients experiencing sequelae
in our study (11%) was in accordance with propor-
tions reported elsewhere (11%-40%) (6,10,12). In the
literature, the mortality rate for PSA ranges from
19% to 35% (6,8,9), and the risk for death seems to be
higher among patients with bacteremia and among
patients >60 years of age (8). In our study, we found
a lower mortality rate (9.4%), and we did not notice a
difference in mortality rate as a function of the pres-
ence of bacteremia. However, the mortality rate was
higher among patients >60 years of age and those
with underlying conditions, consistent with previous
reports (8,32). The mortality rate associated with PSA
is known to be age-dependent, and the lower mortal-
ity rate in our study can be explained by the fact that
more than half of our patients were <65 years of age.

In our study, most patients had not received
pneumococcal vaccination (despite the presence of

Pneumococcal Septic Arthritis among Adults, France

underlying conditions), and more than half of the
strains isolated were covered by both PCV13 and
PPV23. A recent study in France showed that the
pneumococcal vaccination rate was very low among
adults (4.5%) (24), which might result from lack of a
defined age threshold for eligible patients, vaccina-
tion hesitancy, or both. In our study, about half of the
patients were >65 years of age; in several countries,
pneumococcal vaccination is recommended for that
age group (16). Thus, as suggested previously (24), an
invitation for vaccination at the time of entry into the
recommended age group would probably increase
the pneumococcal vaccination coverage rate.

Among the limitations of our study are, first,
that it was a retrospective study; thus, details of the
PSA, immunization status, serotype, antimicrobial
therapy, and clinical outcomes were not available for
all patients. Second, including data from nonpartici-
pating university hospitals in France, other public-
sector hospitals, and private-sector hospitals would
probably have yielded a greater number of cases of
PSA. Third, our study was based on joint aspirates or
biopsy samples that were S. pneumoniae culture posi-
tive, which probably also led to underestimation of
the number of cases of PSA.

In conclusion, although PSA is uncommon in
adults, we reported on >100 cases in France, includ-
ing cases in patients >65 years of age, patients with
underlying conditions, and patients with a prosthe-
sis. Some emerging serotypes display a low level of
susceptibility to B-lactams and have also emerged
among persons with IPDs and community-acquired
pneumonia in France and several other countries.
Those serotypes are covered by the new generation of
PCVs, so vaccination among appropriate age groups
should be encouraged.
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Rickettsia sibirica mongolitimonae is an emerging cause
of tickborne rickettsiosis. Since the bacterium was first
documented as a human pathogen in 1996, a total of 69
patients with this infection have been reported in the lit-
erature. Because of the rising rate of R. sibirica mongoli-
timonae infection cases, we evaluated the epidemiolog-
ic and clinical features of 29 patients who had R. sibirica
mongolitimonae infections confirmed during 2007—2024
at the Center for Rickettsiosis and Arthropod-Borne Dis-
eases, the reference laboratory of San Pedro University
Hospital-Center for Biomedical Research of La Rioja,
Logrofio, Spain. We also reviewed all cases published
in the literature during 1996—2024, evaluating features
of 94 cases of R. sibirica mongolitimonae infection (89
in Europe, 4 in Africa, and 1 in Asia). Clinicians should
consider R. sibirica mongolitimonae as a potential caus-
ative agent of rickettsiosis, and doxycycline should be
administered promptly to avoid clinical complications.

he bacterium Rickettsia sibirica mongolitimonae (for-

merly R. mongolotimonae) has become an emerg-
ing cause of tickborne rickettsiosis since the 1990s.
R. sibirica mongolitimonae was first documented as a
human pathogen in France in 1996 in a woman who
manifested a febrile rash and a single inoculation es-
char on the groin; a rope-like lymphangitis also de-
veloped in the patient from the eschar to the draining
lymph node (1). Four years later, R. sibirica mongoli-
timonae infection was diagnosed in a second patient,
also in France. That patient manifested an inocula-
tion eschar on the leg, fever, and lymphangitis that
expanded from the eschar to an enlarged and painful
lymph node in the groin (2). The first case reported
outside of Europe occurred in South Africa in 2004; a
man manifested an inoculation eschar on a toe, fever,
headache, and lymphangitis expanding from the es-
char to an enlarged inguinal lymph node (3). The first
case series of infections, published in 2005, reported 7
new case-patients in France, 1 of whom was a traveler
returning from southern Algeria (4). Clinical symp-
toms in those patients were fever, eschar, rash, and
lymphangitis, and because of the lymphangitis symp-
tom, it was named lymphangitis-associated rickett-
siosis (4). Since 2005, most cases have been reported

Rickettsia sibirica mongolitimonae in Spain

in the Mediterranean area, including France, Greece,
Portugal, Spain, Turkey, and North Macedonia (5-
10), and in other geographic areas, such as Africa and
Asia (11,12). The clinical spectrum of infections has
broadened; the bacterium has been shown to cause
retinal vasculitis, septic shock, myopericarditis, and
encephalitis (13-16). Since 2014, R. sibirica mongoliti-
monae has also been implicated as an etiologic agent
of scalp eschar and neck lymphadenopathy after tick
bite syndrome (17).

Few case series have been published worldwide
(4,8,18); a total of 69 patients with R. sibirica mongoli-
timonae infections have been reported in case series
or as isolated cases. Of those 69 patients, >30% (n =
22) were reported in Spain, the first of which was
described at the Center for Rickettsiosis and Arthro-
pod-Borne Diseases (CRETAV) in La Rioja, Spain
(7). All of those cases were autochtonous. CRETAYV,
located at the Center for Biomedical Research of La
Rioja, is a specialized laboratory and a center of ex-
cellence within the Network of Biologic Alert Labo-
ratories that supports research on special pathogens,
including those transmitted by ticks and other arthro-
pods. CRETAV is also the reference laboratory for
San Pedro University Hospital in La Rioja, receiving
samples from other health services throughout the
country. Thus, from June 2007 (when the first case
was described) (7) through May 2024, R. sibirica mon-
golitimonae infections were confirmed at CRETAV in
29 of 365 patients who had tickborne rickettsioses.
Diagnoses in the remaining 336 patients were Der-
macentor-borne necrosis erythema lymphadenopathy
(n = 187), boutonneuse fever (n = 130), African tick
bite fever (n = 12, imported cases), and 5 other Rick-
ettsia infections: R. helvetica (n = 2), R. massiliae (n =
2, 1 imported), R. monacensis (n = 1), R. aeschlimannii
(n =1), and R. parkeri (n = 1, imported case). Aware
of the rising rate of patients with R. sibirica mongoli-
timonae infections diagnosed at CRETAV since 2020,
and because only 4 cases from this 29-case series had
been previously reported (7,14,15,19), we described
the epidemiologic and clinical features of patients
with confirmed R. sibirica mongolitimonae infections
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processed at CRETAV. We also reviewed all pub-
lished cases because a comprehensive literature re-
view was lacking. We obtained study approval from
the regional ethics committee (Comité Etico de Inves-
tigacion Clinica-Consejerfa de Sanidad de La Rioja;
approval no. CEICLAR PI-37) and informed consent
from all patients in this study. All procedures were in
accordance with the ethical standards of the research
committee and with the 1964 Helsinki declaration
and its later amendments.

Patients and Methods

Infections Diagnosed at CRETAV

Patients were asked about medical antecedents dur-
ing their clinical interview, and variables, including
epidemiologic data, were written down in their medi-
cal chart. In those cases in which relevant informa-
tion was not recorded, patients were called later and
asked for those data. For children, information was
confirmed by their parents.

We defined a diagnosis of R. sibirica mongolitimo-
nae infection on the basis of clinical suspicion (fever
with or without rash, with or without eschar, and with
or without lymphangitis) and positive PCR and se-
quencing results in patients with a history of tick bite
or tick exposure. During June 2007-May 2024, cases
were confirmed at CRETAV by using EDTA-blood
samples, eschar biopsies, eschar swab samples, and
tick samples from patients who were investigated at
CRETAYV because of clinical or epidemiologic suspi-
cion of rickettsiosis. CRETAV diagnosed infections by
using PCR of ompA and ompB genes corresponding to
R. sibirica mongolitimonae. We subsequently reviewed
clinical data of patients who had positive ompA and
ompB PCR results for R. sibirica mongolitimonae.

Using molecular methods as described (20), we
had previously extracted DNA from clinical samples
from the Zoonosis Collection registered in the Nation-
al Registry of Biobanks from Carlos III Health Institute

(reference no. C.0006409), located at CRETAV-Centre
of Biomedical Research of La Rioja. Whenever possible,
we tested both acute phase and convalescent serum
samples (collected 4-12 weeks apart), or only acute se-
rum samples if the second sample was not available,
by using immunofluorescence assays (IFA) to detect
cross-reacting R. conorii IgG (CRETAV in-house assay
or commercial assay [Vircell Microbiologists]).

Literature Review

We performed a systematic review of the literature
by searching PubMed using the search terms “sibiri-
ca” or “mongolitimonae” or “mongolotimonae” and
“Rickettsia” and a date range of January 1996-May
2024. We excluded nonhuman studies. We included
human case reports and case series only if R. sibirica
mongolitimonae infections were confirmed by either
PCR and sequencing, except for 1 case, which was
confirmed by indirect IFA and showed R. sibirica mon-
golitimonae 1gG seroconversion.

Results

R. sibirica mongolitimonae Infection Cases
Diagnosed at CRETAV
Tickborne rickettsiosis caused by R. sibirica mongoli-
timonae was confirmed in 29 (7.9%) of 365 patients
during 2007-2024. The number of R. sibirica mongoli-
timonae infections compared with the total number
of tickborne Rickettsia spp. infections increased from
12.5% to 41.7% during 2020-2023 (Figure 1). Twen-
ty-three (79.3%) of 29 patients were men, 6 (20.7%)
women. The mean age was 58 (range 5-82) years; the
median age was 67 years. Three (10.3%) patients were
<15 years of age. All patients sought medical care
during March-September of each year: 1 in March, 3
in April, 5 in May, 7 in June, 4 in July, 2 in August,
and 7 in September (Figure 2).

Only 6 (20.7%) patients remembered a tick bite,
1 had an attached tick, and 11 recalled tick exposure

Figure 1. Number of confirmed
rickettsioses cases in study of
Rickettsia sibirica mongolitimonae
infections in Spain. Numbers of
patients with a confirmed case

of R. sibirica mongolitimone
infection and total numbers of
other tickborne rickettsioses

are indicated for each year

during 2007-2023. Cases were
diagnosed at the Center for
Rickettsiosis and Arthropod-Borne
Diseases, La Rioja, Spain.
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Figure 2. Monthly prevalence
of Rickettsia sibirica
mongolitimonae infections in
Spain during 2007-May 2024.
Patients sought medical care
for R. sibirica mongolitimonae
infections during March—
September of each year.

from hunting, gardening, living in a rural environ-
ment, or contact with dogs that had ticks. Patients
resided in different regions in Spain: Aragén (n = 8),
La Rioja (n = 8), Comunidad Valenciana (n = 4), An-
dalucia (n = 3), Madrid (n = 3), Vizcaya (n = 2), and
Castilla-La Mancha (n = 1). The place of residence
was within the same geographic region of the tick
bite or exposure for all patients, even for those who
did not recall activities associated with tick contact
(n =11) but denied recent travel outside of their resi-
dential region.

Symptoms at disease onset included fever (dys-
thermia, fever detected by thermometer) forall patients
(Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/31/1/24-0151-Appl.pdf). Inoculation eschars
manifested in 27/29 (93.1%) patients as single (n = 20
[69.0%]) or multiple (n =7 [24.1%]) eschars. They were
located on lower limbs (n = 9 patients) (Figure 3), up-
per limbs (n = 7) (Figure 4), head (n = 3), hips (n = 3),
buttocks (n = 3), groin (n = 2), abdomen (n = 2) (Figure
5, panel A), iliac fossa (n = 1) (Figure 5, panel B), and
scrotum (n = 1) (19). A rope-like lymphangitis from
the eschar to the draining lymph node was detected
in10/29 (34.5%) patients (Figure 3), and a generalized
maculopapular rash was observed in 14/29 (48.3%)
patients. One patient experienced septic shock and
myopericarditis developed in another patient who
had no remarkable medical history (14,15).

Hematologic and biochemical parameters were
missing for several patients. When available, labora-
tory investigations showed leukopenia, thrombocyto-
penia, and raised lactate dehydrogenase, C-reactive
protein, and liver enzymes (alanine aminotransferase,
aspartate aminotransferase, and gamma glutamyl
transaminase) as main findings.

We administered doxycycline (100 mg 2x/d for
10-14 days) to 26 patients, whereas 3 patients (2
children <15 years of age and 1 pregnant woman)
received azithromycin (10 mg/kg 1x/d for 5 days

for the children and 500 mg/kg 1x/d for 5 days
for the adult). We observed improvement of signs
and symptoms in all cases. We added supportive
therapy with fluids and inotropic agents and intra-
venous meropenem (1 g every 8 hours) and vanco-
mycin (1 g every 12 hours) for the patient who had
septic shock.

For microbiologic tests, 1 clinical sample was
available for 22/29 patients: EDTA-blood sample (n =
4), eschar biopsy (n = 5), and eschar swab sample (n =
12) (Appendix Table 1). For 1 patient, the only avail-
able clinical sample was the attached tick, which was
identified as a Rhipicephalus pusillus. The remaining
7 patients had 2 different clinical samples available:
eschar biopsy and eschar swab samples (n = 4), eschar

Figure 3. Eschar from Rickettsia sibirica mongolitimonae infection
located on lower limb of patient in Spain.
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swab and EDTA-blood samples (n = 2), and eschar
biopsy and EDTA-blood sample (n =1).

The ompA and ompB gene sequences obtained
from 7 blood samples, 7 eschars, 18 eschar swab
samples, and the R. pusillus tick showed the 100%
similarity to those genes from R. sibirica mongolitimo-
nae (GenBank accession no. MF379309 for ompA and
JQ782657 for ompB). Acute- and convalescent-phase
serum samples were obtained from 7 of 29 patients
(Appendix Table 1). For 6 of those samples, we ob-
served seroconversion (n = 5) or a 4-fold increase in ti-
ter (n=1). We did not detect IgG against spotted fever
group (SFG) Rickettsia in either serum sample for the
remaining patient. For 6 patients, only acute serum
samples were available; 2 of those showed IgG titers
against SPG Rickettsia and 4 did not react. No serum
specimens were available for the remaining patients
(Appendix Table 1).

In July 2023, ompA and ompB genes from R. si-
birica mongolitimonae (100% identity) were amplified
by PCRin 1 R. pusillus tick attached to a 70-year-old
patient. Five days after removing the tick, he had a
high fever (39°C); an eschar at the armpit appeared
1 day later. No lymphangitis, lymphadenopathies,
or rash were observed. No EDTA-blood, eschar bi-
opsy, or eschar swab samples were available from
that patient. He was treated with doxycycline
and recovered.

Published R. sibirica mongolitimonae Infection Cases,
Including This Study

We found, reviewed, and extracted data from the full
text of 26 selected papers from PubMed. Ninety-four
cases of R. sibirica mongolitimonae infection were re-
ported worldwide during January 1996-May 2024, in-
cluding the 29 cases from this study; 89 of those cases
were reported in Europe: Spain (n = 47), France (n =
36), Greece (n = 2), Portugal (n = 2), Turkey (n=1), and
Macedonia (n = 1) (Appendix Table 2). Only 4 cases
have been published in Africa, including South Af-
rica (unique case occurred in southern hemisphere),

Figure 4. Eschar from Rickettsia sibirica mongolitimonae infection
located on upper limb of a pediatric patient in Spain.

Algeria, Egypt and Cameroon, and 1 in Asia (Sri Lan-
ka) (Appendix Table 2).

Of the total number of patients described, 67.0%
were men and 31.9% women. The mean age was 49.8
(range 4-82) years; the median age was 55.5 years. Most
(n =77) infection cases occurred during April-July and
in September of each year. Only =33% of patients re-
membered a tick bite. Four patients kept the ticks (1
tick/person), which were identified as female Hyalom-
ma marginatum, H. anatolicum excavatum, Hyalomma sp.,
and R. pusillus ticks (5,9,10). The symptoms at disease
onset (always after tick removal) included fever for all
patients; *95% of patients manifested inoculation es-
chars, and 14 patients had multiple eschars. Eschars
were located on lower limbs (n = 28), upper limbs (n
=18), trunk (n = 18), head (n = 15), hip (n = 4) and iliac
fossa (n = 1), groin (n = 3), scrotum (n = 2), and but-
tocks (n = 3) (Figure 6). A rope-like lymphangitis from
the eschar to the draining lymph node was noted in 33
(35.1%) of 94 published cases (Figure 3); a generalized
maculopapular rash was observed in 66.7% of cases.

In published cases, R. sibirica mongolitimonae genes
were amplified by PCR in 43 eschar biopsy specimens,
38 eschar swab samples, 12 blood samples, and 3 ticks

Figure 5. Eschars from Rickettsia
sibirica mongolitimonae infections
of 2 patients in Spain, located

on the abdomen of 1 patient (A)
and on the iliac fossa of another
patient (B).
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Figure 6. Numbers and

body locations of tick bites

and inoculation eschars in
patients with Rickettsia sibirica
mongolitimonae infections during
2007-2024, Spain, and from
published literature. Patients
manifested single or multiple
eschars. Cases were diagnosed
at the Center for Rickettsiosis
and Arthropod-Borne Diseases,
La Rioja, Spain and/or identified
in PubMed.

(H. anatolicum excavatum, H. marginatum, and R. pu-
sillus) removed from infected patients. Ten patients
had >1 PCR-positive clinical sample: eschar biopsy
and eschar swab sample (n = 5), eschar biopsy and
blood sample (n = 2), eschar swab and blood samples
(n =2), and blood sample and a tick specimen (n =1).
Most (91.9%) patients were treated with doxycycline
for 7-14 days, and all patients recovered without se-
quelae after antimicrobial drug treatment.

Discussion

We describe the epidemiologic and clinical character-
istics of R. sibirica mongolitimonae infections in 29 pa-
tients who had their infection confirmed at CRETAV
in Spain during 2007-2024, and we reviewed all avail-
able cases published in the literature during January
1996-May 2024. R. sibirica mongolitimonae has been
considered a rare pathogen. Nevertheless, this bacte-
rium has been the causative agent of >94 rickettsiosis
cases since 1996, including the case series described
in this study, mostly in the Mediterranean area. This
infection typically manifests with high fever, myalgia
and headache, single or multiple inoculation eschars
with a nondefined inflammatory halo, nonpruritic
maculopapular rash involving palms and soles, and
enlarged draining lymph nodes. Lymphangitis is a
typical sign of this infection and occurs in ~40% of
infected patients. Lymphangitis might occur in other

rickettsioses, such as those caused by R. heilongjian-
gensis and R. africae, although in lesser proportions.
Thus, in Europe, the presence of lymphangitis should
suggest R. sibirica mongolitimonae infection (21). In
this study, 10 (34.5%) of the 29 patients with R. sibirica
mongolitimonae infections diagnosed at CRETAV had
lymphangitis, a slightly higher percentage than that
shown in a previous report from France in 2016 (18);
a rope-like lymphangitis from the eschar to the drain-
ing lymph node was observed in 33/94 (35.1%) cases
published worldwide. Fever was present in 100%
of published cases; a generalized maculopapular
rash was observed in 14 (48.3%) of 29 patients with
infections confirmed at CRETAV, whereas 67.0% of
patients described in published cases had the rash.
Inoculation eschars were noted in 27 (93.1%) of 29
patients with infections confirmed at CRETAV and
in 89 (94.7%) patients from published cases. Multiple
inoculation eschars developed in 13 (13.8%) patients
in published cases; a higher (24.1%) percentage was
found in CRETAYV cases. The presence of multiple in-
oculation eschars is common in patients with African
tick bite fever (22).

R. sibirica mongolitimonae infection frequently
causes a mild, nonlethal disease, but some complica-
tions have been described, such as septic shock, dissem-
inated intravascular coagulation, neurologic disorders,
acute renal failure, and myopericarditis (13-16,23). In

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 31, No. 1, January 2025 23


http://www.cdc.gov/eid

SYNOPSIS

2020, a case of R. sibirica mongolitimonae infection with
associated encephalitis was reported (16).

All outcomes, including for severe cases, were
successful after antimicrobial drug administration.
Doxycycline is the drug of choice for treating rick-
ettsioses, even for children <8 years of age (24). Mac-
rolides, such as azithromycin, are effective against
rickettsial diseases and can be safely used during
pregnancy. The early start of empirical treatment re-
duces severity and duration of symptoms (25). For
published cases, oral doxycycline (100 mg/12 hours
for 7-15 days) was administered to all patients, ex-
cept 4 who received azithromycin (1 man, 1 pregnant
woman, and 2 children 4 and 6 years of age). One pa-
tient received pristinamycin for 7 days.

In accordance with previously published reports,
we found that R. sibirica mongolitimonae infections
were seasonal and most cases occurred during the
spring and summer (April-July) and in September.
The infections affected men more frequently than
women. In our case series, 23 (79.3%) patients were
men and 6 (20.7%) were women, compared with
67.0% men and 31.9% women in published cases. The
mean age was 58 years in the case series and 50 years
in the published cases.

R. sibirica mongolitimonae infections are likely un-
derdiagnosed or misdiagnosed as another rickettsio-
sis because diagnosis is mainly made according to
serologic testing, which includes IFAs. Serology is
limited by cross-reactions with other Rickettsia spp.,
mostly among SFG Ricketsia spp. because they share
antigenic characteristics. Using molecular tools,
such as PCR and quantitative PCR-based methods,
on skin biopsy (eschar) and eschar swab samples ap-
pear to be the best methods to detect and identify
R. sibirica mongolitimonae. For molecular diagnosis,
eschar swab samples are preferred over skin biop-
sies because the sampling procedure is noninvasive
and highly effective (26-28). Culture as a diagnostic
method is fastidious and performed only in refer-
ence laboratories. Nevertheless, 6 eschar biopsies
were positive for R. sibirica mongolitimonae by culture
methods in published cases (1,2,4,6).

R. sibirica mongolitimonae was initially isolated
from H. asiaticum ticks in Inner Mongolia (29) and
from H. truncatum ticks in Niger (30). In Europe,
R. sibirica mongolitimonae was detected in H. excava-
tum ticks in Greece and Cyprus, in H. marginatum
ticks in Spain (31,32), in R. pusillus ticks in Portu-
gal, Spain and France (6,31,33), and in R. bursa ticks
in Spain (34). In Turkey, it was also detected in R.
bursa, Haemaphysalis parva, H. excavatum, and H.
marginatum ticks (35).

In 2005, the presence of R. sibirica mongolotimonae
was reported both in a patient and in a H. anatolicum
excavatum tick removed from that patient in Greece
(). In 2016, in Turkey, R. sibirica mongolitimonae in-
fection was diagnosed by PCR in a man who had
been bitten by a H. marginatum tick (9). A case of R.
sibirica mongolitimonae infection after a Hyalomma sp.
tick bite has been recently reported in North Mace-
donia (10). No ticks were associated with the remain-
ing published cases, and many patients did not even
remember receiving a tick bite. Nevertheless, because
R. sibirica mongolitimonae has been detected in Rhipi-
cephalus spp. ticks collected from areas close to where
infected patients lived (6,33), Rhipicephalus ticks are
also suspected vectors in Europe.

In published cases, only 18 (19.1%) of 94 patients
remembered a tick bite. Four patients kept the ticks,
which were identified as H. marginatum, H. anatolicum
excavatum, Hyalomma sp., and R. pusillus; R. sibirica
mongolitimonae was amplified in 3 of those ticks. R.
sibirica mongolitimonae has been most frequently asso-
ciated with Hyalomma ticks, the confirmed vectors in
Africa. However, adult Hyalomma spp. ticks are large,
but most patients did not remember a tick bite. This
finding suggests that either the Hyalomma spp. vec-
tor is at an immature stage, which is rare because few
bites occur from Hyalomma larvae and nymphs, or the
vector could also be R. pusillus, which is a small tick
found in rabbits. Data from case number 93 (Appen-
dix Table 2), obtained from this case series, strength-
en the potential role of R. pusillus ticks as R. sibirica
mongolitimonae vectors. Under a One Health perspec-
tive, excessive reproduction of rabbits in urban/ peri-
urban areas of cities might cause human cases of R.
sibirica mongolitimonae infection.

In Europe, R. sibirica mongolitimonae was confirmed
as a human pathogen in 1996, and 94 cases have been
reported during 1996-2024. During 1996-2012, only 25
cases were published, whereas during 2013-2024, the
number of published cases reached 70. This upward
trend of reports might be partly caused by the use of
new tools to investigate tick-transmitted agents. In ad-
dition, warming weather and the overgrowth of cer-
tain wildlife species, among other factors, are involved
in the increase in tick threats. Thus, the expansion of
wild boar and rabbit populations might favor an in-
crease in adult tick species responsible for R. sibirica
mongolitimonae transmission. Hyalomma spp. ticks are
characterized by their aggressive host-seeking behav-
ior, unlike other tick species that use a passive ambush
strategy as they wait in vegetation. Although Hyalom-
ma ticks are not particularly anthropophilic, a progres-
sive increase in their population has been reported in
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Spain and other areas in Europe, probably related to
factors previously mentioned.

A strength of this study lies in the large number of
clinical cases in Spain that were evaluated, accompa-
nied by a literature review. However, it is possible that
not all case data in Spain were collected because, de-
spite the bibliographic search, R. sibirica mongolitimonae
infections diagnosed in patients at other centers might
not have been reported.

In conclusion, when rickettsiosis is clinically
suspected, clinicians should be aware that empiric
therapy should not wait for microbiologic confirma-
tion. Doxycycline must be administered promptly,
even in children, to avoid clinical complications.
The rapid identification of Rickettsia spp. by using
molecular techniques to analyze swab samples from
inoculation eschars should be systematized. Because
of the broad clinical spectrum of R. sibirica mongoliti-
monae infections, this emerging rickettsiosis is likely
underdiagnosed or misdiagnosed as another SFG
rickettsiosis. Clinicians should consider R. sibirica
mongolitimonae as a potential causative agent in pa-
tients who have fever and an eschar or rash with or
without lymphangitis and should consider the epi-
demiologic context.
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The Rise of MpoxX in a
Post-Smallpox World

Jennifer H. McQuiston, Andrea McCollum, Athalia Christie, Fernando Torres,
Jonathan Mermin, Daniel B. Jernigan, Christina L. Hutson

Reports of mpox are rising in Africa where the disease
is endemic and in new countries where the disease has
not been previously seen. The 2022 global outbreak
of clade Il mpox and an ongoing outbreak of the more
lethal clade | mpox highlight the pandemic potential for
monkeypox virus. Waning population immunity after the
cessation of routine immunization for smallpox plays a
key role in the changing epidemiologic patterns of mpox.
Sustained human-to-human transmission of mpox is oc-
curring widely in the context of insufficient population im-
munity, fueling genetic mutations that affect the accuracy
of some diagnostic tests and that could lead to changing
virulence. Additional research should address complex
challenges for control of mpox, including improved diag-
nostics and medical countermeasures. The availability
of vaccines should be expanded not only for outbreak
response but also for broader routine use for persons in
mpox-endemic countries.

Monkeypox virus (MPXV), represented by 2 virus
clades and several subclades with unique ge-
netic, pathogenic, and geographic characteristics (1),
is increasingly in the scientific and public spotlight.
Although clade II MPXV has historically led to a case-
fatality rate of 3%-4%), clade  MPXV has been shown
to cause severe illness and death in a higher propor-
tion of patients; case-fatality rates among unvaccinat-
ed persons are up to 10%-11% (1). In 2022, clade IIb
MPXYV caused a large global outbreak that predomi-
nantly spread via sexual contact among gay, bisexual,
and other men who have sex with men (MSM) (2).
Since 2022, that outbreak has continued at low lev-
els; 100,000 cases have been reported through Au-
gust 2024 (3). More recently, since 2023 an outbreak of
clade I MPXYV in the Democratic Republic of the Con-
go (DRC) has resulted in tens of thousands of suspect-
ed cases and subsequent spread to neighboring coun-
tries (4,5). That outbreak is affecting persons across
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a range of ages and genders; complex transmission
drivers are still being investigated (4), and household
spread and sexual transmission, including within het-
erosexual networks, have been reported (4).

Even before the recent outbreaks, scientists have
been warning of steady increases in both clade I and
clade II mpox in mpox-enzootic countries in Africa
for years. From Cameroon, Central African Republic,
DRC, Nigeria, and Republic of Congo, 1,620 mpox
cases were reported during the 45-year period 1970-
2015 (mean 36 cases/year) (6). In contrast, 25,488
cases were reported from those countries during the
6-year period 2016-2021 (mean 4,248 cases/year) (6).
In Nigeria, reports of clade II MPXV infection began
to increase in 2017, before the virus eventually spread
around the world in 2022 (7,8). The outbreak of clade
I MPXV in DRC is showing signs of following a simi-
lar trajectory with recent regional spread (5,9). As of
December 2024, cases in travelers have been reported
from numerous countries, including the United States,
Canada, and the United Kingdom (10-12). The DRC
clade I mpox outbreak poses a serious risk for further
global spread, causing the World Health Organiza-
tion (WHO) to declare a Public Health Emergency of
International Concern on August 14, 2024 (13).

The pandemic potential of mpox has long been
overshadowed by the historical focus on smallpox
(caused by variola virus). The 2 orthopoxviruses are
genetically related and result in similar clinical mani-
festations (albeit with differing degrees of severity).
They are also prevented by the same vaccinia virus-
based vaccines. Smallpox eradication, which was
achieved in 1979, was made possible in part because
humans were the only host, enabling an intensive
eradication campaign (14,15). In contrast, mpox occu-
pies a more complex niche as a zoonotic disease with
secondary communicable spread to humans.

Several factors may contribute to the emergence
of mpox as a post-smallpox threat. Increased human
exposure to wildlife reservoirs is hypothesized to
contribute to the rise in mpox cases. The exposures
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are multifactorial, from an increase in the absolute
number of persons living in the mpox-endemic coun-
tries of western and central Africa, to habitat en-
croachment, to a reliance on wild animal protein in
food-scarce forested regions (16). More recently, it has
become clear that MPXV of either clade is efficiently
spread from human to human via sexual contact;
rapid geographic spread is driven by transbound-
ary movement of persons via migration and travel
(17,18). That pattern was seen with clade IIb MPXV
in 2022 and with the expansion of the DRC clade I
outbreak eastward to neighboring countries in 2024
(17,18). In addition to factors driving increased hu-
man exposure, improved surveillance contributes to
increased detection and reporting, although surveil-
lance systems in DRC during the early 2000s showed
rising incidence even during relatively stable report-
ing periods (1,19).

Another factor influencing the rise of mpox is di-
minishing population immunity to orthopoxviruses
(20). Routine immunization with vaccinia virus-de-
rived vaccines stopped worldwide after smallpox
eradication was announced by the WHO on Decem-
ber 9, 1979 (14,15,21). Residual immunity to ortho-
poxviruses resulting from smallpox vaccinations has
been protecting humans against mpox for decades,
but the effects of diminishing immunity to MPXV
have long been predicted (22). Past vaccine recipi-
ents now make up a minority of the world’s popu-
lation. Currently, the only persons with a history of
vaccination are those who received a routine small-
pox vaccination (most often delivered as a childhood
vaccine before the eradication of smallpox) and those
who were immunized as part of military service, be-
cause of occupational risks, or in response to the re-
cent clade II mpox outbreak. The loss of population
immunity in MPXV-enzootic parts of the world in-
creases the chance that spillover infections may occur
and also increases the risk for subsequent sustained
person-to-person spread of mpox.

During the 1970s-1980s, mpox was predominant-
ly a disease of children; median patient age was 4-5
years (19). However, during 2010-2019, the median
age of persons with mpox increased to 21 years (19),
coincident with a loss of population immunity across
most age groups. It has been estimated that for ev-
ery 1% decrease in herd immunity, mpox incidence
increases by 0.13 cases/ 100,000 population (23). Mod-
eling suggests that as population immunity levels
fall, the estimated basic reproduction number (the
anticipated number of secondary infections for each
primary infection in a fully susceptible population)
and epidemic potential for clade I MPXV rises; at 40%

immunity, clade I MPXV is estimated to have a basic
reproduction number of 2.1 (range 1.5-2.7) (24). As
a recent tangible example of the pandemic potential
for MPXYV, in 2016, only ~10% of the population in
Nigeria had previously received a smallpox vaccine,
and serologic studies suggested general population
immunity levels of 2.6% (7). Retrospective analysis of
genomic data from MPXV in Nigeria now estimates
that clade IIb MPXV probably began circulating from
person to person in Nigeria around 2016 (8§). Most
parts of the world currently have orthopoxvirus pop-
ulation immunity estimates <20%, although levels of
immunity may be higher for certain groups (i.e., gay,
bisexual, or other MSM with behavioral factors asso-
ciated with risk for mpox exposure) because of infec-
tion with clade IIb or recent vaccination (25).

Mpox in the modern era is also influenced by
new complexities, including underlying medical con-
ditions. Risk for severe or fatal illness is increased
among patients with mpox and substantial immuno-
compromise, including HIV-associated immunosup-
pression or other conditions or medications that im-
pair the immune response (26). Smallpox eradication
predated recognition of the global HIV pandemic, but
an estimated 26 million persons live with HIV in Afri-
ca, and HIV remains a leading cause of death in some
parts of the continent (27). In addition, humans are
now more mobile than they were during the smallpox
era. In 2022, the clade IIb mpox outbreak spread rap-
idly around the globe in just a few months. It was ini-
tially dispersed by travelers who extended regional
spread via sexual contact (17). The clade IIb outbreak
demonstrated the pandemic potential of mpox but re-
sulted in relatively few deaths (US case-fatality rate
<0.2%) (2). In contrast, clade I MPXV is considered
more virulent, leading to death for nearly 5% of per-
sons with suspected cases in DRC (4). Still, a global
outbreak of clade I mpox would probably result in
lower mortality rates than have been observed to date
in DRC. Recent studies have demonstrated improved
survival rates (case-fatality rates 1.4%-1.7%) among
persons with access to basic medical care and nutri-
tional support (28,29); mortality rates are expected to
be lower in countries with strong healthcare systems,
such as the United States.

The recent rise of mpox introduces another factor
for concern: the risk for new genomic mutations. Such
mutations, which would be expected to accumulate
as a result of extensive person-to-person spread,
could increase MPXV virulence or decrease the effec-
tiveness of diagnostics or medical countermeasures.
Although DNA viruses mutate at much slower rates
than RNA viruses (e.g., influenza or SARS-CoV-2
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virus), they do change with time. There is already
evidence in a subset of clade I MPXV specimens of
a large deletion in the MPXV genome affecting the
specificity of 1 diagnostic test (18). There is also ev-
idence of other genetic changes in the same clade 1
virus specimens from eastern DRC, where sustained
person-to-person transmission is occurring through
sexual contact (18). Those changes do not seem to
enhance virulence, and the large deletion is actually
hypothesized to potentially decrease virulence (30).
However, future genomic changes driven by ongoing
communicable spread could alter the virus in a way
that increases virulence.

To control outbreaks and protect against a po-
tential future pandemic, human-to-human spread
of MPXV must be minimized, which should include
reducing clade I and clade IIb MPXV transmission
through sexual contact, as well as preventing and
controlling outbreaks. The WHO developed a recent
strategic framework for prevention and control of
mpox, with a goal of eliminating human-to-human
transmission (31). Given the evidence that both MPXV
clades can spread efficiently via sexual contact and
the disproportionate effect of clade IIb mpox among
gay, bisexual, and other MSM who have been histori-
cally marginalized and stigmatized, a syndemic ap-
proach to response and prevention is advised. That
approach includes incorporating mpox prevention
strategies for at-risk populations into routine sexual
healthcare, making efforts to promote community en-
gagement and health equity, and investing in sexual
health programs that address multiple infectious dis-
eases, including mpox (32).

Although population immunity is not the only
factor influencing the spread of mpox in the mod-
ern era, it is a variable with a proven intervention
the world has at the ready: vaccine. Unlike older
smallpox vaccines, which posed a risk for complica-
tions in persons with immune compromise, a newer
third-generation nonreplicating vaccine (JYNNEOS/
MVA [modified vaccinia Ankara]; Bavarian Nordic,
https:/ /www .bavarian-nordic.com) is safe for use in
immunocompromised persons (33). It has also dem-
onstrated high efficacy against clade IIb (34,35). It is
licensed for use in adults in many countries around
the world but has not been extensively used to date
in any countries where MPXV is enzootic. A first step
is overcoming regulatory hurdles preventing routine
use in MPXV-enzootic countries. Before September
2024, the lack of WHO prequalification of JYNNEOS/
MVA complicated timely country approvals and cre-
ated challenges for procurement by United Nations
agencies. The September 13, 2024, announcement of

The Rise of Mpox in a Post-Smallpox World

the inclusion of [YNNEOS/MVA on the WHO vac-
cine prequalification list opened new opportunities
for expanded vaccine procurement and easier ap-
proval pathways in MPXV-enzootic countries (36).
Multiple donors have pledged support to donate or
purchase vaccine for DRC, and some vaccine doses
have begun arriving in the country (37,38). However,
managing the financial and programmatic logistics of
a vaccination campaign presents additional challeng-
es in resource-limited settings. The vaccine is costly,
has specific cold chain and handling requirements,
and needs 2 doses spaced a month apart for full pro-
tection. Despite those challenges, with strategic use,
the vaccine could protect against a global pandemic
at its source, instead of merely being stockpiled for
use in non-mpox-endemic countries where few cases
may occur.

Moving forward, control of mpox is best support-
ed through vaccination. In non-mpox-endemic coun-
tries with new or ongoing outbreaks, a risk-based
approach for vaccine recommendations is key; epide-
miologic studies will help define those at increased
risk. In the United States, vaccination is currently
recommended for laboratory workers who may en-
counter virus during laboratory procedures and for
persons with certain sexual behavioral risk factors for
exposure to clade IIb MPXV (39). In Central Africa,
where the clade I MPXV outbreak is spreading and
where vaccines may currently be limited in quantity,
targeted vaccination efforts are needed, which might
include vaccinating children, healthcare workers,
persons at risk for zoonotic exposure, and those at in-
creased risk for person-to-person spread because of
specific behaviors or occupations. However, for long-
term control of mpox and prevention of future out-
breaks, broader immunization strategies for persons
at increased risk for mpox infection should be consid-
ered, which, depending on vaccine availability, might
include more expansive preexposure vaccination rec-
ommendations for persons living in MPXV-enzootic
areas or countries.

In addition to expanded vaccine access and
use, new global investments in MPXV research are
critical. The United States had invested 2 decades in
smallpox preparedness planning before the recent
rise of mpox (40), which resulted in reliable diagnos-
tics, a licensed vaccine, and investigational medical
countermeasures being available from the start of
the 2022 clade IIb mpox outbreak. However, research
gaps have also been identified, including limited
therapeutic options for severely immunocompro-
mised persons and rare but concerning MPXV ge-
nomic changes conferring resistance to the antiviral
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therapeutic tecovirimat (41). Furthermore, recent
findings from a clinical trial in DRC did not show a
clinical benefit among clade I mpox patients treated
with tecovirimat (29), highlighting the value of ad-
ditional studies and new antiviral drug development
pathways. During the clade IIb mpox outbreak, there
were challenges with vaccine uptake and early deci-
sions around distribution of limited vaccine stocks.
In resource-limited countries, lack of a temperature-
stable point-of-care diagnostic test appropriate for
worldwide use delayed accurate diagnoses. Contin-
ued research into new diagnostics and vaccines is ur-
gently needed, particularly single-dose vaccines with
temperature-stable handling requirements.

The response to recent mpox outbreaks has clear-
ly benefitted from programmatic efforts for smallpox
biothreat preparedness. However, smallpox pre-
paredness focused on scientific solutions to theoreti-
cal risks. Mpox is a real and current threat to global
health security, and meaningful future control will
require a complex partnership between governments,
public health experts, virologists, chemists, and
funders. It will also require reimagining how ortho-
pox vaccine is shared and used around the world. We
now need to develop the programmatic infrastruc-
ture to address mpox as a current pandemic threat,
independent of the shadow of smallpox.
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Meningococcal C Disease Outbreak
Caused by Multidrug-Resistant

Neisseria meningitidis, Fiji

Aneley Getahun Strobel,! Aalisha Sahukhan,* Anaseini Ratu, Jimaima Kailawadoko,
Isireli Koroituku, Shalini Singh, Samuel McEwen, Sakiusa Baleivanualala, Mathilda Wilmot,
Silivia Matanitobua, Kerrie Stevens, Anaseini Vesikula, Talica Cabemaiwai, Raquel Cooper,

Mere Taufa, Jokaveti Tadrau, Kristy Horan, Daniel Faktaufon, Benjamin P. Howden,? Eric Rafai?

We describe an outbreak of invasive meningococcal dis-
ease (IMD) caused by Neisseria meningitidis serogroup C
in Fiji. We created surveillance case definitions and col-
lected data by using standard investigation forms. Bac-
terial identification, antimicrobial susceptibility testing,
and PCR were performed in Fiji. Molecular testing was
conducted at the Microbiological Diagnostic Unit in Mel-
bourne, Victoria, Australia. During January 2016—Decem-
ber 2018, a total of 96 confirmed or probable IMD cases
were reported. Of case-patients, 61.5% (59/96) were male

nvasive meningococcal disease (IMD) is caused by

the gram-negative bacterium Neisseria meningitidis.
Infection cause invasive and life-threatening infection
including meningitis and meningococcaemia (1,2).
IMD is caused by bloodstream invasion of 1 of 6 viru-
lent serogroups, A, B, C, X, Y, or W (1). Global dis-
tribution of IMD varies; however, the disease burden
in Pacific Island countries is not well documented.
Studies from Australia and New Zealand reported
endemic and epidemic trends caused by meningococ-
cal serogroups B (MenB) and C (MenC) in the 1990s
(3,4) but a major reduction in IMD cases after the in-
troduction of routine vaccination (5,6).

In 2018, an outbreak of IMD occurred in Fiji, which
is a small island developing state with a population
of 884,887 as of 2017 (7). Health services are adminis-
trated by the Ministry of Health and Medical Servic-
es (MoHMS), which is split into 4 divisions: Central,
Western, Northern, and Eastern. Each division is fur-

and 38.5% (37) female, 84.4% (81) were indigenous peo-
ple of Fiji, and 70.8% (68) were children <15 years of age.
Annual incidence increased from 1.8/100,000 population
in 2016 to 5.2/100,000 population in 2018. Serogroup C
multilocus serotype 4821 that is resistant to ciprofloxacin
was prevalent (62.1%, 41/66). Public health measures,
which included targeted mass vaccination with monova-
lent meningitis C vaccine, were effective in controlling the
outbreak. We observed a rapid decline in meningitis C
cases in subsequent years.

ther separated into subdivisions, medical areas, and
zones. There are 3 divisional hospitals (Colonial War
Memorial, Lautoka, and Labasa) with microbiological
culture capabilities. Primary healthcare is provided
through 19 subdivisional hospitals and 189 peripheral
facilities (8). A limited number of private facilities ex-
ist, largely in urban centers. Within the MoHMS is the
Fiji Centre for Disease Control (Fiji CDC), which man-
ages national infectious disease surveillance and in-
cludes the National Public Health Laboratory (NPHL).
National IMD surveillance is conducted through 3
systems: the National Notifiable Disease Surveillance
System, which reports clinical or culture confirmed
cases (9); the Vaccine Preventable Disease surveillance
(VPD), which collects information on laboratory con-
firmed cases (culture, antigen test, and PCR) of IMD
with serogroup data (9); and the Early Warning, Alert
and Response Surveillance system, which reports clin-
ically suspected meningitis cases (10).
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IMD was previously uncommon in Fiji, which
reported 5-10 cases annually during 2007-2015, ac-
cording to the MoHMS-Health Information Unit.
Meningococcal vaccination is not in the national
immunization schedule, and literature on the epi-
demiology of IMD is scarce. During 2004-2016, the
effect of meningococcal meningitis was evaluated
in 2 studies that were part of a larger study set on
meningitis in pediatric and adult populations; of
note, all strains were MenB (11,12). Similarly, se-
rogroup data from National VPD surveillance re-
corded the occurrence of MenB and serogroup W
(MenW) in Fiji but no record of MenC before 2016.
Beginning in October 2016, the number of IMD
cases has increased steadily. By 2017, an institu-
tional outbreak had occurred, and by early 2018,
a national outbreak was declared. The confirmed
prevalent IMD was MenC and multilocus sequence
type (MLST) 4821. In this article, we describe the
epidemiology of IMD in Fiji during 2016-2018 with
a focus on the 2017-2018 MenC outbreak, the in-
terventions used for outbreak control, and postout-
break surveillance.

Methods

Case Definition

Surveillance case definitions were adopted from
the World Health Organization (13) and Centers
for Disease Control and Prevention (14). We de-
fined a suspected case as illness in a patient with a
sudden onset of fever and >1 of the following: se-
vere headache, nausea and vomiting, neck stiffness,
altered consciousness, or skin rashes such as pete-
chiae or purpura. We defined a probable case as a
suspected case with an epidemiologic link (living
in the same house or dormitory, attending same
school, class, or daycare, sharing food or drink, or
direct exposure to the case’s oral secretions) to a
confirmed case. We defined a confirmed case as a
suspected or probable case with >1 of the follow-
ing: isolation of N. meningitidis from cerebral spinal
fluid (CSF) or blood, positive PCR, or positive di-
rect antigen test.

We defined an outbreak as a substantial in-
crease in IMD within a defined population above
what is expected for that place and time (13). We
defined an institutional outbreak as >2 cases of
IMD (probable or confirmed cases) within 4 weeks
among persons with a common institution-based
affiliation (such as attending the same school) but
no close contact with each other in a grouping that
makes epidemiologic sense (14).

Outbreak Caused by Neisseria meningitidis, Fiji

Data Collection

We used a standard case investigation form to cap-
ture demographic (age, sex, ethnicity, and residential
location), clinical (signs and symptoms, laboratory
results, clinical outcome), and epidemiologic (date
of onset, contacts, etc.) variables. We collected data
through review of medical folders, laboratory reports,
and interviews of patients and family members.

Laboratory Procedures

N. meningitidis was identified by using approved pro-
tocols at the 3 divisional laboratories in Fiji. N. menin-
gitidis serogroups (A, C, Y, and W) were determined
by using Wellcogen Bacterial Antigen Rapid Latex
Agglutination Test (Thermo Scientific, https:/ /www.
thermofisher.com).

Antimicrobial susceptibility testing was conduct-
ed by using the disc diffusion method in accordance
with the Clinical and Laboratory Standards Institute
guidelines (15). We sent all confirmed isolates to
NPHL and also referred all CSF samples from patients
meeting case definitions to NPHL for real-time PCR
analysis. We extracted N. meningitidis DNA by using
QIAamp DNA mini kit (QIAGEN, https://www.qia-
gen.com) according to manufacturer instructions. We
conducted sodC gene-based real-time PCR by using
singleplex assays with primers and probes specific
for N. meningitidis (Appendix 1 Table 1, https://ww-
wnc.cde.gov/EID/article/31/1/24-0476-Appl.pdf).
We prepared the reaction mix to a final volume of 25
pL that included 2 pL of each primer (forward and
reverse) and probe, 4.5 pL nuclease free water, 12.5
pL of iTaq mastermix (Bio-Rad Laboratories, https://
www.bio-rad.com), and 2 pl DNA template. We then
loaded the final volume onto the CFX96 analyzer
(Bio-Rad) with thermocycling conditions of 1 cycle of
95°C for 3 minutes, followed by 39 cycles of 95°C for
5 seconds and 60°C for 5 seconds. We sent 29 samples
(5 from 2017 and 24 from 2018) to the World Health
Organization regional reference laboratories for inva-
sive bacterial VPD at the Microbiological Diagnostic
Unit public health laboratory (MDU) in Melbourne,
Victoria, Australia, for serogrouping and whole-ge-
nome sequencing (16).

We used the Nextera XT DNA Library Prepara-
tion Kit (Illumina, https://www.illumina.com) to
generate libraries that we then sequenced on the
Nextseq 500 and NextSeq 550 (Illumina) platforms.
We generated assemblies by using SPAdes v3.15.2
(https:/ / github.com/ablab/spades) (17) and identi-
fied antimicrobial resistance genes and mutations by
using abritAMR v1.0.10 with the “-species Neisseria”
flag (https://github.com/MDU-PHL/abritamr) (18).
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We further examined the penA allele by a comparison
of assemblies with penA alleles in PubMLST (https://
pubmlst.org). We identified the N. meningitidis sero-
group, Bexsero antigen sequence type, and the FetA
protein type in silico by using meningotype (https://
github.com/MDU-PHL/meningotype). We identified
the MLST by using in silico sequence typing (https://
github.com/tseemann/mlst). We considered how the
sequences fit into the global context of N. meningitidis
on the basis of raw read data availability and mem-
bership in the ST4821 clonal complex (CC). We gener-
ated a phylogenetic tree by using the bohra genom-
ics pipeline (https:/ /github.com/MDU-PHL/bohra),
which implements snippy version 4.4.5 (https://
github.com/tseemann/snippy) and IQtree version 2.0
(http:/ /www.iqtree.org) by using the NM_FAM18
reference. We conducted recombination correction by
using gubbins (https://github.com/nickjcroucher/
gubbins); however, there was no discernible effect on
the genomic relationships in this dataset.

To assess the relationships of the Fiji strains with-
in the global context of ST4821 CC, we downloaded
all available N. meningitidis ST4821 CC assemblies
from PubMLST on August 1, 2024. We generated a
neighbor-joining tree of that data by using mashtree
(19). We generated all tree figures by using R ver-
sion 4.3.1 (The R Project for Statistical Computing,
https:/ /www.R-project.org) and R Studio version
2023.09.1+494 (Posit, http:/ /www.rstudio.com) with
the following library packages; ggtree version 3.10.0
(20), ggplot2 version 3.4.4 (21), phytools version 2.0.3
(22), and ggnewscale version 0.4.9 (https://CRAN.R-
project.org/package=ggnewscale).

Data Analysis

We conducted data analysis by using Excel (Micro-
soft, https://www.microsoft.com) and SPSS Statis-
tics 25 (IBM, https://www.ibm.com). We created an
incidence map by using Epilnfo 7.2. (https://www.
cdc.gov/epiinfo). We characterized demographics,
clinical profiles, N. meningitidis serogroup patterns,
and patient outcomes by using descriptive analysis.
We drew the epidemic curve from actual (n = 87) or
estimated date of onset (n = 9) by subtracting the in-
cubation period from the date of first visit or date of
hospital admission. We used census data from 2017
for overall and age-sex-specific incidence calculation
(7). We calculated incidence by medical division and
subdivision by using the 2015 population estimates
from MoHMS because census data cannot be disag-
gregated for medical subdivisions (23). We calculated
overall and specific case-fatality rate (CFR) for age
and gender groups.

Table 1. Demographic characteristics of confirmed and probable
cases in meningococcal C disease outbreak caused by multidrug
resistant Neisseria meningitidis, Fiji, 2016-2018*

Characteristic No./total no. (%)
Sex
M 59/96 (61.5)
F 37/96 (38.5)
Ethnicity
iTaukei, indigenous people of Fiji 81/96 (84.4)
Indian descent from Fiji 7196 (7.3)
Other ethnicity from Fiji 5/96 (5.2)
Non-Fiji citizen 3/96 (3.1)
Age group, y
<1 18/96 (18.8)
1-4 14596 (15.6)
5-9 15/96 (15.6)
10-14 20/96 (21.8)
15-19 17/96 (17.7)
>20 11/96 (11.5)
Medical division
Central 51/96 (53.1)
Western 29/96 (30.2)
Eastern 9/96 (9.4)
Northern 7/96 (7.3)
Method of confirmation
Blood or CSF culture 34/82 (41.5)
CSF PCR 24/82 (29.3)
Blood or CSF culture and CSF PCR 14/82 (17.1)
CSF positive antigen test 9/82 (11.0)
Postmortem PCR 1/82 (1.2)

*CSF, cerebrospinal fluid.

Results

Demographic Characteristics

During January 2016-December 2018, a total of 96 cases
of IMD were reported in Fiji. Of those, 82 cases (85.4%)
were confirmed, and 14 cases (14.6%) were probable.
Most reported case-patientss were male (61.5%, n =
59), iTaukei (indigenous people of Fiji; 84.4%, n = 81),
and children <15 years of age (71.8%, n = 68) (Table
1). The median age was 9.5 years (interquartile range
2-14 years). Approximately half of cases (53.1%, n =
51) were reported from the Central division.

Annual incidence of IMD tripled from 1.8/100,000
population (confirmed cases) in 2016 to 5.2/100,000
population in 2018 (confirmed and probable cases).
The cumulative incidence for the period was 10.8
cases/100,000 population. The cumulative incidence
was highest among children <5 years of age (35.9
/100,000 population) and men (13.2/100,000 popu-
lation). The highest calculated cumulative incidence
of 46.6/100,000 population was for male children <5
years of age. The Eastern division had the highest
cumulative incidence of 23/100,000 population, fol-
lowed by the Central division at 13/100,000 popula-
tion (Figure 1).

There were 15 deaths from IMD during the pe-
riod, for an overall CFR of 14.6%. The CFR was 2x
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higher in women (21.6%) than in men (10.2%) (Ap-
pendix 1 Figure).

Outbreak Detection and Spread
In the fourth quarter (October-December) of 2016,
there was a progressive increase in reported cases
of IMD (n = 7), and most (n = 5) had an unspeci-
fied serogroup. Initially, most cases were from the
Central (n = 5) and Western divisions (n = 2). In the
first quarter of 2017, there were 3 IMD cases report-
ed from a boarding school in the Eastern division.
By May 2017, there were 2 additional cases reported
from the same school, including 1 death. Of those 5
cases, 4 samples were positive for MenC, MLST 4821,
resistant to ciprofloxacin and penicillin. The occur-
rence of 3 confirmed cases in 3 consecutive weeks
at the boarding school resulted in the declaration
of an institutional MenC outbreak. By the second
quarter of 2017, community cases of IMD continued
to rise, and cases were reported from all 4 medical
divisions. MenC activity increased and became the
predominant strain (Figure 2).

Case numbers of IMD dropped in the third quar-
ter of 2017 but peaked in the first quarter of 2018,
when 29 cases were reported (Figure 2). In February
2018, a second institutional outbreak was reported in
a boarding school in the Western Division. A total of 3
confirmed and 8 probable cases of MenC were report-
ed from the boarding school. A national outbreak was
declared on March 20, 2018, and widespread public
health interventions were implemented in the coun-
try, including targeted mass vaccination (24). During
2018, the number of cases progressively declined, and

Outbreak Caused by Neisseria meningitidis, Fiji

the outbreak was officially declared over in the first
week of December 2018 (25).

Clinical Features

The median time from symptom onset to seeking care
at a health facility was 1 day (interquartile range 1-2
days). Common symptoms included fever (97.8%, n
= 88), vomiting (61.1%, n = 55), headache (47.8%, n =
43), and rashes (31.1%, n = 28) (Appendix 1 Table 2).

Laboratory Findings
A total of 73 CSF samples were available for culture
and PCR testing. The positivity rate for CSF PCR was
52.1% (n = 38) and for culture was 19.2% (n = 14). N.
meningitidis grew in 51.9% (41/79) of blood cultures.
We determined the serogroup of 66 isolates and found
62.1% (n = 41) were MenC, 33.3% (n = 22) MenB, and
1.5% (n = 1) MenW; 3.1% (n = 2) were inconclusive.
The first case of IMD caused by MenC was reported
in August 2016. All MenC strains identified in 2017
and 2018 were MLST 4821.

According to the antimicrobial susceptibility test-
ing results from the laboratories in Fiji, 35% (n = 15)
of the total and 46% (n = 11) of the MenC strains were
susceptible to penicillin (Appendix 1 Tables 3, 4). Sus-
ceptibility to ciprofloxacin was 77% (n = 30) in total
for all strains and 67% (n = 14) for the MenC strains.
However, all the MenC isolates (n = 15) sent to MDU
were reported as decreased susceptibility or resistant
to ciprofloxacin.

Of the MLST4821 CC sequences available, most
were serogroup C, MLST 6928 or MLST 5798, ex-
cept 1 strain from MLST 14963 that identified as

Figure 1. Cumulative incidence
(cases/100,000 population) of
confirmed and probable invasive
meningococcal disease cases in
Fiji, by medical subdivision and
medical areas, 2016-2018.
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Figure 2. Epidemic curve showing the number of confirmed and probable invasive meningococcal disease cases in Fiji reported monthly
by serogroup, January 2016—August 2023. Surveillance was interrupted in 2021 because of the COVID-19 outbreak. MenB, Neisseria
meningitidis serogroup B; MenC, N. meningitidis serogroup C; MenW, N. meningitidis serogroup W; MenY, N. meningitidis serogroup Y.

MenB (26). We observed a high level of genomic
relatedness among the MLST 4821 strains from Fiji,
which appear to share a common ancestor (Figure
3, panel A). Of interest, 1 strain within this clus-
ter typed as MLST 14195 and was isolated from
New Zealand. When placed in a global context, the
Fiji strains form a separate cluster from any other
global isolates available on PubMLST and appear
to have a common ancestor from strains isolated in
China (Figure 3, panel B).

The sequences from MLST4821  (Fiji),
MLST14195 (New Zealand), and MLST6928 (Tai-
wan) all carry the same gyrA mutation (T91I) that
is not present in the other sequences. Of note, only
1 Fiji isolate had an rpoB gene mutation (Figure 3,
panel A). Of interest, the penA mutations (A510V,
F504L, and N512Y) identified in 5 of the sequences
from Fiji and 5 of the sequences from Taiwan are
likely caused by a mosaic penA allele, which arises
from homologous recombination between related
species such as N. meningitidis, N. gonorrhoeae (27),
and other commensal Neisseria species. Despite
the presence of common mutations between the 5
strains from Taiwan and the 5 strains from Fiji, the
penA alleles from the strains from Fiji are in fact
distinct. Of the strains from Fiji, 2 penA allele num-
bers were identified, 24 and ~52 (Appendix 2 Table,
http:/ /wwwnc.cdc.gov/EID/article/31/1/24-
0476-Appl.xlsx). Several strains that were isolated
from Asia, New Zealand, Europe, and the United
States have the penA allele number 24, along with
18 of the 23 strains from Fiji.

Outbreak Response

A National Meningococcal Taskforce was established
in Fiji in March 2018 to coordinate the outbreak re-
sponse and focused on multiple action items. The ac-
tion items were enhancing disease surveillance and
case detection, early case management, contact trac-
ing, and prevention.

Enhanced Disease Surveillance and Case Detection
National surveillance was coordinated by the Fiji
CDC by using laboratory and active surveillance (case
investigation for suspected cases and contacts). Stan-
dardized data case investigation forms were created
to enhance clinical and laboratory surveillance. Risk
communications focused on educating the public to
enable early recognition of symptoms and encourage
seeking care early. Health education materials were
created, and mass media outlets were used to raise
public awareness. Large gatherings such as sporting
events and schools were targeted for intensive risk
communication activities. Awareness for clinicians
was raised by using alert circulars, interim guidance,
and training to enable early recognition of cases.

Early Case Management

The existing Public Health Management of Menin-
gococcal Disease Guidelines were revised and made
available to clinicians and public health teams during
the week of outbreak declaration. Nationwide train-
ing on the new guidelines was conducted 2 weeks af-
ter outbreak declaration. Ceftriaxone was made avail-
able in all medical subdivisions because the MenC
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strain was resistant to penicillin, which was previ-
ously the first line treatment for suspected cases of
meningococcal disease. Previously, ceftriaxone was
only available in the 3 divisional hospitals.

Contact Tracing

Early in the outbreak, household and close contacts of
IMD cases were given ciprofloxacin (500 mg in a single
dose) for secondary prophylaxis. Once the MenC strain
was identified as resistant to ciprofloxacin, the guide-
lines were revised to include rifampin (600 mg 1% /d for
2 days), and it was made available in all subdivisions.

Prevention

Risk communications focused on early recognition of
symptoms and basic hygiene for prevention of trans-
mission. Infection prevention control measures were
strengthened among healthcare workers (HCW).

To control the first institutional outbreak at a
boarding school, a vaccination campaign was con-
ducted during July 25-27, 2017. A total of 587 stu-
dents, teaching staff, and HCW were vaccinated with
a quadrivalent (serogroup A, C, W, and Y) vaccine.
No further cases of meningococcal disease were re-
ported from the school following vaccination.

Outbreak Caused by Neisseria meningitidis, Fiji

Subsequently, a nationwide targeted mass vac-
cination campaign among 1-19-year-old persons was
conducted after the nationwide outbreak declaration.
During May-October 2018, a total of 315,876 (91%) peo-
ple received monovalent MenC vaccine (Fiji MoHMS,
unpub. data). The vaccines were funded by the gov-
ernment of Fiji with assistance from the governments
of Australia and New Zealand, World Health Organi-
zation, and United Nations Children’s Fund.

Postoutbreak Surveillance

Public health surveillance of IMD continued under
the VPD Unit in Fiji CDC. PCR was conducted on
CSF samples at NPHL and in 2023 included sero-
group determination. Selected samples were sent to
MDU for serogroup determination. During January
1, 2019-August 30, 2023, a total of 23 confirmed cases
of IMD were reported (Figure 2). In 2019, there were
2 clusters (April-May and August) of MenC in the
Western division with an epidemiologic link identi-
fied through outbreak investigation (Figure 2). Sero-
groups in the period after the outbreak included 10
MenC (9 in 2019 and 1 in 2020), 8 MenB, and 1 MenY,
whereas 4 IMD were confirmed by culture or direct
antigen test with no serogroup information. Most

Figure 3. Genomic relatedness between Neisseria meningitidis strains identified from invasive meningococcal disease outbreak in

Fiji, January 2016—-August 2023, and publicly available gene sequences. A) Phylogenetic tree of Fiji MLST 4821 isolates and related
sequences. Bar charts indicate location and presence or absence of antimicrobial resistance genes. A total of 18 MenC strains
associated with the outbreak and 5 MenC strains from the post outbreak surveillance period were typed as MLST 4821 and included in
analysis. All 23 strains were found to contain the gyrA point mutation T91l, and only 1 strain contained the rpoB point mutation H553Y.
Of the 18 strains associated with the outbreak, 5 contained the penA point mutations; A510V, F504L, and N512Y. B) Mashtree generated
neighbor-joining tree of publicly available PUbMLST (https:/pubmlst.org) data typed as MLST 4821 clonal complex and the MLST 4821
Fiji strains. When placed in this global context, the strains from Fiji form a separate cluster and appear to have a common ancestor with
strains that have been isolated in China. AMR, antimicrobial reistant; MenC, N. meningitidis serotype C; MLST, multilocus sequence

type; NA, not available.
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(8/10) MenC cases were outside the mass vaccination
age group (1 was in an 11-month-old baby and 7 were
in adults, 22-67 years of age). The MenC strains de-
tected during the postoutbreak period were MLST
4821. There were no MenC cases detected in 2021,
2022, or as of August 2023.

Discussion

We have described an outbreak of IMD caused by
a serogroup C MLST 4821 strain of N. meningitidis
that is a novel occurrence of the disease in Fiji. IMD
cases in Fiji were low and sporadic, and we could
not obtain any report of serogroup C meningococ-
cal disease in Fiji before 2016. Routine vaccination
for IMD was not available, and therefore it can be
expected that there was no herd immunity in the
population at the time.

The first case of MenC identified was from an in-
fant in the Western division in August 2016. Because of
limited laboratory capacity at the subdivision level and
low index of suspicion among HCW, MenC was likely
underreported during the initial stages of the outbreak.
The lack of capacity for serogrouping N. meningitidis
in Fiji limited the ability to identify the presence of a
vaccine amenable serogroup. The outbreak strain was
resistant to ciprofloxacin and penicillin, which raised
public health concerns because ciprofloxacin was the
main antimicrobial drug for secondary prophylaxis
and penicillin was the first-line treatment for suspect-
ed cases. Ciprofloxacin resistance was not identified
until June 2017. Some disease transmission was likely
because of the ineffective chemoprophylactic manage-
ment of contacts early in the outbreak.

It is likely the serogroup C strain was imported
by a returned traveler to Fiji because N. meningitidis
serogroup C had not been reported in Fiji or the Pa-
cific region before 2016. MenC MLST 4821 resistant to
ciprofloxacin is an endemic strain in China (28-30),
and imported cases have been reported in Canada
(31) and Japan (32). When given global context, strains
that were isolated from China within the MLST 4821
CC appear to represent a common ancestor of the
strains from Fiji, supporting the hypothesis of the in-
troduction of a single strain that was then transmit-
ted locally. Importation of a contagion leading to an
outbreak had previously been reported in Fiji when a
measles outbreak occurred in 2006, which was traced
to a tourist who visited the country (33).

A likely factor contributing to the outbreak was
the category 5 tropical cyclone Winston, which hit Fiji
in early 2016 and caused extensive damage to infra-
structure, housing, and population displacement (34).
The areas that suffered the greatest effects were the

Western, Northern, and Eastern divisions (35). The
2 boarding schools where institutional outbreaks oc-
curred sustained heavy damage to dormitories from
the cyclone. That damage contributed to overcrowd-
ing, a well-described risk factor for spread of me-
ningococcal disease. The first institutional outbreak
coincided with a school holiday period and the exo-
dus of students from school to surrounding areas for
the holiday period that likely led to spread of MenC
around the country in 2017.

The IMD outbreak affected the indigenous
population to a much larger extent than other eth-
nic groups within the country. Disease transmission
might have been affected by the social patterns of this
ethnic group; living with extended families is com-
mon, large social gatherings are frequent, and popu-
lation mobility between communities and islands is
high. Disproportionately higher incidence of IMD has
also been described in the indigenous populations of
Australia (36) and New Zealand (4).

This outbreak demonstrated the importance of
molecular diagnostics. Most CSF negative cultures
tested positive by using CSF PCR at NPHL, which
was the only medical laboratory conducting real-time
PCR in Fiji at the time. In 2023, the capacity to sero-
group samples was developed, which strengthened
the surveillance capacity in Fiji. The early identifica-
tion of N. meningitidis cases, including vaccine pre-
ventable serogroups, because of serogrouping avail-
ability is critical for early control of IMD.

In conclusion, an epidemic of IMD occurred
in Fiji during 2017-2018, caused by a serogroup C
MLST 4821 strain of N. meningitidis that was most-
ly likely introduced into the country by travel. The
young and indigenous populations were dispropor-
tionately affected. Public health measures such as
rapid case identification and management, contact
tracing, prophylaxis for close contacts, public risk
communications, HCW training and awareness, and
targeted mass vaccination were effective in control-
ling the outbreak.
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Cluster of Legionellosis Cases
Associated with Manufacturing
Process, South Carolina, USA, 2022

Hani M. Mohamed,! Lindsay Zielinski,* Abdoulaye Diedhiou,? Nakia Clemmons,?
Jessica C. Smith, Jessica L. Rinsky, Troy Ritter, Melisa Willby, Nancy Burton,
Karl Feldmann, Kevin Dunn, Rebecca Whisenhunt, Victoria Greer, Alberto M. Acosta,
Mitchell Garber, Claressa E. Lucas, Kelley C. Henderson, Chris Edens, Linda Bell

Evolving technology and the development of new devices
that can aerosolize water present a risk for new sources
of Legionella bacteria growth and spread within indus-
trial settings. We investigated a cluster of legionellosis
among employees of a manufacturing facility in South
Carolina, USA, and found 2 unique equipment sources
of Legionella bacteria. The cluster of cases took place
during August—November 2022; a total of 34 cases of
legionellosis, including 15 hospitalizations and 2 deaths,
were reported. Legionella pneumophila was isolated

Ithough the risk of developing Legionnaires” dis-

ease is generally highest among persons who are
>50 years of age, rates in the United States have been
increasing for all persons >34 years of age (1). A re-
cent study estimated that the actual number of cases
might be >1.8-2.7 times what has been previously re-
ported (1-3). Ongoing challenges such as urbaniza-
tion, aging populations, racial disparities, and climate
change have likely contributed to the increasing num-
ber of legionellosis cases occurring globally (1,4,5).

The genus Legionella contains >60 species; how-
ever, most legionellosis cases in the United States
are caused by Legionella pneumophila, particularly se-
rogroup 1. L. pneumophila is the causative agent for
90% of cases worldwide, followed by L. longbeachae
(6). L. pneumophila sequence type (ST) 36 is highly vir-
ulent and a frequent cause of both sporadic disease
and clusters of legionellosis in the United States and

from 3 devices: 2 water jet cutters and 1 floor scrubber.
L. pneumophila sequence type 36 was identified in en-
vironmental isolates and 1 patient specimen, indicating
that those devices were the likely source of infection.
Remediation was ultimately achieved through the devel-
opment and implementation of a device-specific water
management program. Manufacturing facilities that use
aerosol-generating devices should consider maintaining
updated Legionella water management programs to pre-
vent Legionella bacterial infections.

worldwide (7-9). The first cluster, which had both
clinical and environmental ST36 isolates, was investi-
gated by the US Centers for Disease Control and Pre-
vention (CDC) in 1994 (7).

Occupational exposure to Legionella spp. is a seri-
ous health hazard that has been previously reported
in industrial settings (10). Exposures have been re-
ported from well-known sources, such as cooling
towers, hot tubs, and showers (7), and more unique
sources, such as devices that aerosolize water at high
velocity in industrial settings (10,11). However, le-
gionellosis in industrial facilities can be acquired by
exposure to sources not commonly recognized as a
cause of illness (11). We report a legionellosis clus-
ter among employees of a manufacturing facility in
South Carolina, USA, linked to specific equipment
exposure sources. This study was reviewed by CDC,
was deemed not research, was conducted consistent
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with applicable federal law and CDC policy (e.g., 45
C.ER. part 46.102(1)(2), 21 C.F.R. part 56; 42 U.S.C.
§241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.), and
did not require review by human or animal subjects
research review boards.

Materials and Methods

Epidemiologic Investigation

The South Carolina Department of Health and Envi-
ronmental Control (DHEC) Division of Acute Disease
Epidemiology (DADE) used the South Carolina elec-
tronic disease surveillance system to collect epide-
miologic data for this study. We identified confirmed
and suspected legionellosis cases on the basis of the
2020 Council of State and Territorial Epidemiologists
case definitions (12).

During September 2022, DADE received re-
ports of 3 Legionella-positive urinary antigen tests
among patients hospitalized with pneumonia who all
worked at the same manufacturing facility in Rich-
land County, South Carolina. DADE informed com-
pany management about the cluster of legionellosis
cases among facility employees and shared an em-
ployee awareness notification letter for distribution
to employees. Company management informed em-
ployees of the legionellosis cluster and the DHEC in-
vestigation through both in-person meetings and vir-
tual and electronic communications. DHEC released
a statewide health advisory to healthcare providers
that had specific recommendations and a reminder to
report positive Legionella test results and legionellosis
cases to DHEC. Because of the occupational setting of
the cluster, DADE requested assistance with the epi-
demiologic investigation from subject matter experts
from CDC, including those from the National Insti-
tute for Occupational Safety and Health.

Regional epidemiologists conducted telephone
interviews of ill persons to collect epidemiologic data
for the 14-day period before symptom onset. All pa-
tients linked to this cluster were interviewed by us-
ing a standardized epidemiologic questionnaire,
which gathered demographic information, clinical
manifestations, laboratory results, travel history,
and potential exposure to high-risk settings and wa-
ter sources. Patients were asked questions about job
title, job description, job location, frequently visited
areas aside from the assigned workplace, and visits
to other potential exposure sites. Company manage-
ment provided information about the building and
the water distribution systems that included all water
processing equipment. We considered the location’s
potable water points of use as possible exposure sites,

in addition to the water processing equipment. To es-
timate disease burden, we classified cases into the fol-
lowing 4 categories: confirmed Legionnaires” disease,
defined as a patient who was at the facility and had a
clinically compatible case of severe pneumonia with
confirmed laboratory evidence of Legionella infection
and onset of illness on or after May 2022; probable
Legionnaires’ disease, defined as a patient who was at
the facility and had a clinically compatible case with
no laboratory evidence of infection but with onset of
illness on or after May 2022; confirmed Pontiac fever,
defined as a patient who was at the facility and had a
clinically compatible case of mild respiratory disease
(no pneumonia) with confirmed laboratory evidence
of Legionella infection and onset of illness on or after
May 2022; and probable Pontiac fever, defined as a
patient who was at the facility and had a clinically
compatible case with no laboratory evidence of infec-
tion but with onset of illness on or after May 2022.

Case Finding

DADE asked the facility’s occupational health service
to actively identify all persons who had new or recent
(previous 3 months) self-reported lower respiratory
symptoms or clinically diagnosed pneumonia. Those
persons were encouraged to contact their primary
care physicians for Legionella bacteria assessment by
using both culture of lower respiratory secretions
and a Legionella-specific urinary antigen test. In ad-
dition, the lead regional investigators (R.W., V.G.)
reached out to symptomatic co-workers who were
identified by patients with confirmed legionello-
sis or the employee health service. DADE also con-
ducted a retrospective search of the South Carolina
electronic surveillance system for all legionellosis
patients who reported working at the same facility
within the previous 12 months, in addition to looking
for similar worksite exposures reported by patients
living in other regions. The DHEC health advisory
and employee communications letter promoted seek-
ing early healthcare and made employees aware that
they should be tested for Legionnaires” disease if any
respiratory symptoms developed.

Environmental Investigation and Sampling

Company management hired a Legionella consul-
tant (M.G.) who collected preremediation and pos-
tremediation environmental samples and sent them
to an Environmental Legionella Isolation Techniques
Evaluation Program member laboratory. The labo-
ratory conducted serial Legionella bacteria testing of
potable and nonpotable water sources. In prereme-
diation environmental samples, L. pneumophila and
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Legionella spp. were detected by using qualitative
PCR. Results were reported as detected or not de-
tected. Preremediation and postremediation envi-
ronmental samples were also collected and tested
by using traditional culture (spread plate); those
results were reported as colony forming units per
volume. The environmental samples were from tra-
ditional potential exposure sources, such as show-
erheads, sinks, and cooling towers, and multiple
unique sources, such as floor scrubbers and water
jet cutters.

Legionella Bacteria Environmental Risk Assessment
After DADE notified the company of the cluster,
company management engaged a consultant with
Legionella bacteria expertise. They used the CDC’s
Legionella Environmental Assessment Form to col-
lect information about the water supply, water sys-
tem design, and potential sources of exposure (13).
They then used that information to create a water
use inventory with detailed information and de-
scriptions for 42 devices, including plumbing and
bathroom fixtures, throughout the facility. A map
of the facility that indicated where patients rou-
tinely worked within the plant was also provided.
DHEC staff and CDC subject matter experts con-
ducted a site visit to collect more information about
the workplace, including an overview of the clean-
ing and industrial processes that create aerosolized
water, the usual work locations of persons who
became ill, and potential areas of stagnation in the
facility plumbing system.

Legionellosis Cases, South Carolina, USA, 2022

Results

We detected a statewide increase in the number of pa-
tients with legionellosis in 2022 compared with pre-
vious years; the number (n = 99) was higher in 2022
than the numbers reported during the same time in
2021 (n =73), 2020 (n = 46), and 2019 (n = 55). We also
observed an increase in the number of patients with
legionellosis in Richland County (n = 29); fewer than
5 cases in that county were reported during the same
period in 2019, 2020, and 2021. In Richland County
in 2022, 76% (n = 22) of patients with legionellosis
were employees at the facility and were linked to the
cluster. No reports of legionellosis were found among
residents of the surrounding community, visitors to
the facility, or contractors.

Demographic Characteristics

A total of 77 workers and other staff at the facility
were investigated (Figure 1). Of those persons, 9 were
lost to follow-up (defined as failure to reach a patient
after 3 attempts within 1 week), 34 were excluded
because they either did not meet the case definition
or had documentation of an alternative etiology in
their medical records, and 34 met the case definition
for legionellosis. The 34 patients who met the case
definition were classified further; 10 had confirmed
Legionnaires” disease, 20 had probable Legionnaires’
disease, and 4 had probable Pontiac fever (Table 1).
Most employees at the facility worked first shift (n =
817 [58.1%]), followed by second shift (n =460 [32.7%])
and third shift (n = 130 [9.2%]); employees from dif-
ferent shifts had the same work responsibilities. The

Figure 1. Classification of cases
associated with a cluster of
legionellosis in a manufacturing
facility in South Carolina, USA,
2022. LTFU was defined as
failure to reach a patient after 3
attempts within 1 week. Cases
were excluded if either the
case definition criteria were

not met or if the patient had a
clinically compatible illness and
documentation of an alternative
etiology or positive test for
COVID-19 or influenza. LD,
Legionnaires’ disease; LTFU,
lost to follow-up.

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 31, No. 1, January 2025 43


http://www.cdc.gov/eid

SYNOPSIS

Table 1. Characteristics of patients with legionellosis associated with a manufacturing facility, South Carolina, USA, May 16, 2022—

November 30, 2022*

Case classification, no. (%)

Characteristics Confirmed LD Probable LD Probable Pontiac fever Total
No. cases 10 (29.4) 20 (58.8) 4 (11.8) 34 (100)
Patient sex
F 3(27.3) 5(45.5) 3(27.3) 11 (32.4)
M 7 (30.4) 15 (65.2) 1(4.3) 23 (67.6)
Age group, y
18-49 8 (29.6) 15 (55.6) 4 (14.8) 27 (79.4)
50-64 2 (28.6) 5(71.4) 0 7 (20.6)
Work shift
First 4 (23.5) 11 (64.7) 2(11.8) 17 (50)
Second 2 (50) 2 (50) 0 4 (11.8)
Third 1(20) 3 (60) 1(20) 5(14.7)
Unknown 3(37.5) 4(0.5) 1(12.5) 8 (23.5)
Outcome
Died 1 (50) 1 (50) 0 2(5.9)
Hospitalized 9 (60) 6 (40) 0 15 (44.1)
Symptoms
Cough 10 (31.3) 18 (56.3) 4 (12.5) 32 (94.1)
Fever 9 (31) 18 (62.1) 2 (6.9) 29 (85.3)
Underlying conditionst 3(37.5) 4 (50) 1(12.5) 8 (23.5)
Areas of exposuret
Break room 1 1(10) 6 (60) 3(30) 10 (29.4)
Break room 2 1(25) 3(75) 0 4 (11.8)
Break room 3 2 (33.3) 4 (66.7) 0 6 (17.7)
Break room 4 3(33.3) 5 (55.6) 1(11.1) 9 (26.5)
Break room 5 3 (60) 2 (40) 0 5(14.7)
Chiller§ 1(100) 0 0 1(2.9)
Cooling towers 2 (66.7) 1(33.3) 0 3(8.8)
Water jet cutters 2 (25) 4 (50) 2 (25) 8 (23.5)
Sprinkler system 1 (100) 0 0 1(2.9)
Ice bank§ 3(37.5) 5(62.5) 0 8 (23.5)
Misters 1 (100) 0 0 1(2.9)
Drinking water fountain 3(21.4) 9 (64.3) 2 (14.3) 14 (41.2)

*LD, Legionnaires’ disease.

tPatients with any of the following conditions: alcohol abuse, cancer, cerebral accident/stroke, chronic diarrhea, chronic liver disease, chronic obstructive
pulmonary disease, diabetes mellitus, heart disease, blood cancer, immunosuppressive condition, drug use, organ transplant, chronic renal failure, sickle

cell anemia, or systemic lupus erythematosus.
fSelf-reported frequently visited areas aside from the assigned work station.

§Component of the comfort cooling system at the facility that does not aerosolize water.

overall attack rate among employees was 2.4%. The
attack rate was 2.1% during the first shift, 1% during
the second shift, and 3.8% during the third shift.
More patients with legionellosis were male (n =
23 [67.6%]) than female (n = 11 [32.4%], and the me-
dian age was 40 years (Table 1). Fifteen patients were
hospitalized because of Legionnaires” disease. The
highest proportion of hospitalizations were reported
among persons who were 18-49 years of age (n = 11
[73.3%]), male (n = 10 [66.7%]), and worked during
the first shift at the facility (n =7 [46.7%]) (Table 2).
Most (n = 10 [66.7%]) hospitalized patients reported
illness onset began during September 2022 (Figure
2). The retrospective search for legionellosis cases in
the South Carolina surveillance system identified 1
patient who tested positive for Legionella and worked
at the facility, reported in May 2022. Two fatalities
were reported in this cluster. No clustering of cases
according to work locations within the facility was
identified (Figure 3). The facility did not keep routine

44

records of employee demographic information; there-
fore, no comparisons with the general population at
the facility could be made.

Clinical Sampling Results

Twelve urine specimens from workers at the facil-
ity who had symptoms consistent with legionellosis
were collected by their healthcare providers and were
tested by using an L. pneumophila serogroup 1 (Lp1)
urinary antigen test either at commercial laboratories
or by the South Carolina public health laboratory.
Urinary antigen tests for 10 of 12 urine specimens
were L. pneumophila-positive, indicating infection
was most likely from Lpl. For hospitalized patients,
we coordinated with infection preventionists to col-
lect lower respiratory specimens if the patient had re-
ceived antimicrobial drugs for <7 days. We shipped 1
sputum sample to CDC for further testing and char-
acterization. No isolate was recovered from that spec-
imen; therefore, nested sequence-based typing (SBT)
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Table 2. Characteristics of hospitalized patients with legionellosis associated with a manufacturing facility, South Carolina, USA, May

16, 2022—-November 30, 2022*

Case classification, no. (%)

Characteristics Confirmed LD Probable LD Probable Pontiac fever Total
No. cases 9 (60) 6 (40) 0 15 (100)
Patient sex

Female 3 (60) 2 (40) 0 5(33.3)

Male 6 (60) 4 (40) 0 10 (66.7)
Age group, y

18-49 7 (63.6) 4 (36.4) 0 11 (73.3)

50-64 2 (50) 2 (50) 0 4 (26.7)
Work shift

First 4 (57.1) 3(42.9) 0 7 (46.7)

Second 1 (50) 1 (50) 0 2(13.3)

Third 1 (50) 1 (50) 0 2(13.3)

Unknown 3 (75) 1(25) 0 4 (26.7)
Outcome

Died 1 (50) 1 (50) 0 2(13.3)

Survived 8 (61.5) 5 (38.5) 0 13 (86.7)
Underlying conditionst 3 (75) 1(25) 0 4 (26.7)

*LD, Legionnaires’ disease.

tPatients with any of the following conditions: alcohol abuse, cancer, cerebral accident/stroke, chronic diarrhea, chronic liver disease, chronic obstructive
pulmonary disease, diabetes mellitus, heart disease, blood cancer, immunosuppressive condition, drug use, organ transplant, chronic renal failure, sickle

cell anemia, or systemic lupus erythematosus.

results were generated by using DNA extracted di-
rectly from the specimen (14,15). The culture-negative
respiratory specimen tested at CDC was identified
as Lp1 ST36.

Environmental Sampling Results

The Legionella consultant collected 316 samples from
different potable and nonpotable water sources dur-
ing September 2022-February 2023. Of those samples,
82 were tested in September 2022 by using qualita-
tive PCR specific for Legionella bacteria. Legionella spp.
and L. pneumophila were detected in 37 samples. In
addition, 234 samples were tested by using a culture

Figure 2. Epidemic curve of
reported cases of legionellosis
associated with a manufacturing
facility and timeline of corrective
actions for potential exposure
sources, South Carolina, USA,
2022. Of 34 total cases, 10
were confirmed LD cases,

20 probable LD cases, and 4
probable Pontiac fever cases.
Red bar on x axis indicates
when the cooling towers, water
jet cutters, the chiller, and floor
scrubbers were all shut off on
September 18, 2022. The floor
scrubbers were remediated

on October 3, 2022. Blue

bars on the x axis indicate
remedial treatment of remaining
water-processing devices on
September 22; October 3, 14,
16, 17, 21, 27, and 28; and

method to isolate L. pneumophila and non-L. pneu-
mophila Legionella spp. All L. pneumophila isolates were
characterized further to determine if they were sero-
group 1. Lpl was isolated from 8 different samples
collected from water jet cutters 1 and 2 (Figure 3) and
a floor scrubber in September and October 2022. No
Legionella spp. were isolated from samples collected
from other sources. L. pneumophila serogroups 2-15
were isolated from 1 sample collected from a water
jet cutter in November 2022. All subsequent samples
were negative for Legionella bacteria.

Nine Legionella isolates recovered from environ-
mental samples collected at the facility in September

November 1, 2022. Date of death for 1 patient with probable LD was used as the illness onset date because we were unable to

obtain a symptom onset date. LD, Legionnaires’ disease.
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Figure 3. Usual work location of
employees with confirmed and
probable legionellosis according
to shift and proximity to water jet
cutters at a manufacturing facility
in South Carolina, USA, 2022.
Stars without circles indicate

first shift workers. Facility is ~1

x 10¢ square feet with a ceiling
height of 40 feet. Rooftop cooling
tower is the primary source of
cooling for the building, and air is
circulated with industrial ceiling
fans throughout the facility. Air
flow studies were not performed.
Patients reported working in
various locations during the 14
days before illness onset. Facility
is open-air with 1 interior wall
separating the office space from
the manufacturing side. Gray
lines indicate production lines.
Work location information was
missing for 8 patients because of
investigator inability to identify the

location on the map, the employee reported moving throughout the facility, or inability to collect the information from either the employee
or company management. Floor scrubbers are not shown because they were used throughout the facility.

2022 were submitted to CDC for further character-
ization. CDC performed Legionella multiplex real-
time PCR on the presumptive Legionella isolates and
detected Lpl. CDC generated a complete SBT pro-
file for the isolates and identified the environmental
isolates as ST36, the same ST as the clinical respira-
tory specimen.

Environmental Assessment
The facility provided the following list of records
that they maintained: cooling system maintenance
records, facility and water inventory maps, Legio-
nella Environmental Assessment Form, preventive
and maintenance work instructions, safety data
sheets, water management plan, and water system
inventory. Two water jet cutters were present in
the facility and were used on all shifts. The machin-
ery works by combining garnet and water from the
premise plumbing system under high pressure to cut
parts from sheet metal. The garnet/water mixture is
pumped through a circulation loop where the garnet
is separated and water is returned to a catch basin.
The plant operators had previously determined the
basin temperature to be 35°C-40°C during use. The
cutting piece and water catch basin were open to the
environment, permitting aerosols and water spillage
onto the surrounding area.

Floor scrubbers that capture water, sediment, and
other particulates throughout the facility were used
during all shifts. The manually operated machines

sprayed water and detergent on the floor, where the
mixture was then spread by large circular brushes
and vacuumed into a collection tank. Spray from the
machines and the scrubbing motion of the brushes
are capable of producing aerosols that could spread
Legionella bacteria. Although the facility has 5 floor
scrubbers, only 1 tested positive for Legionella bacteria
during this investigation. The area around the water
jet cutters was frequently cleaned by the floor scrub-
bers to remove standing water on the floor resulting
from overspray and overflow from the machinery.

Environmental Control Measures

Company management shut down both water jet cut-
ters and discontinued use of all floor scrubbers after
receiving the initial Legionella sampling results. The
water jet cutters and floor scrubbers were turned off
on September 18, 2022. The water jet cutters were re-
turned to service on November 16, 2022. Although
we provided the facility with recommendations on
how to safely return the floor scrubbers to service on
October 20, 2022, the facility management decided
against putting them back in service and used back-
up scrubbers instead. In response to the legionello-
sis cluster, the water jet cutter control plan consisted
of mechanical preventive measures, such as inspec-
tion, cleaning, maintenance, and filter change. The
company developed chemical prevention measures,
including biocide feed, water quality tests, pump in-
spections, and the use of slow dissolving tablets of the
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wide-spectrum biocide, 2,2-dibromo-3-nitrilopropio-
namide (92%-98%), which can achieve a 4-log reduc-
tion in Legionella bacteria concentrations when used in
appropriate concentrations and causes less corrosion
than chlorine (16).

Floor scrubber remediation measures consisted
of regular mechanical preventive maintenance and
disinfection, which included adding chlorine bleach
to the recovery tank and filling the tank with clean
water. Postremediation samples collected from both
the water jet cutters and the floor scrubber were nega-
tive for Legionella spp.

Discussion

The legionellosis cluster consisted of 10 confirmed
Legionnaires’ disease cases, 20 probable Legion-
naires’ disease cases, and 4 probable Pontiac fever
cases. The population of workers in the facility were
a younger demographic group than is typically as-
sociated with Legionnaires’ disease; the median
age among the patients was 40 years, whereas the
median age of patients with reported Legionnaires’
disease in the United States is 62 years (1). The at-
tack rate might be influenced by the shift type. Em-
ployees who worked the third shift reported the
highest attack rate of 3.8%, which might be caused
by a longer exposure time because those employees
do not usually leave the building at night. We also
observed that patients who reported working on the
third shift tended to cluster near to water jet cutters
(Figure 3). Although the highest number of patients
with legionellosis worked during the first shift, the
attack rate was 2.1%; the lower attack rate might
have been influenced by the higher proportion of
employees who worked in the office in a separated
part of the building or worked in other capacities
outside the manufacturing part of the building. Re-
sults from environmental sampling found 2 water jet
cutters and 1 floor scrubber were positive for Legio-
nella spp., indicating that those machines were the
likely source of the outbreak.

The investigation was initially challenging be-
cause a clear exposure pattern did not exist between
worksites, devices that aerosolize water, and infec-
tion (Table 1). For example, not all patients reported
exposures in the same areas within the facility, mak-
ing it difficult to elucidate patterns of exposure and
link infections with specific areas or devices. Also,
DHEC staff noted that facility employees did not con-
sistently use the same description to identify sources
of water within the facility. However, this lack of a
pattern suggested that the source had to be capable of
causing widespread exposures.

Legionellosis Cases, South Carolina, USA, 2022

A visit to the facility by DHEC staff and CDC
subject matter experts provided key insights into the
environmental and occupational factors that resulted
in a relatively large legionellosis cluster within a short
period. Any device filled with tap water can grow Le-
gionella bacteria (17). The main sources of exposure
uncovered in this investigation were the water jet
cutters and the floor scrubber. The water jet cutters
contained reservoirs of water that could reach tem-
peratures of 35°C-40°C, which is ideal for Legionella
bacterial growth. The water jet cutters also produced
substantial aerosols during use that had the potential
to travel through the open-floor facility. Remediation
of the water jet cutter contamination was complicated
by the absence of existing water management recom-
mendations from the equipment manufacturer. Be-
cause of vulnerable components in the devices, such
as the cutting head that is susceptible to corrosion,
chemicals added to the water reservoirs had the po-
tential to damage the equipment.

The use of floor scrubbers during all 3 shifts
might have also caused the spread of aerosolized
bacteria throughout the facility. A potential biofilm
in the cistern of the floor scrubber might have been
a contributing factor to Legionella bacterial growth
and, hence, seeding throughout the facility. Regular
maintenance and disinfection of those devices should
be prioritized, and individual floor scrubbers should
be dedicated to designated areas (i.e., floor scrubbers
used near the water jet cutters should not be used in
other areas).

The initial corrective and remediation activities
started during the second half of September 2022. Le-
gionellosis cases continued to be reported through late
November 2022, which might have occurred because
of challenges in remediation process implementation
that led to sporadic positive identification. However,
the epidemiologic curve indicated the number of cases
was decreasing after remediation activity, and the last
confirmed Legionnaires’ disease cases were reported
~3 weeks after the initial remediation attempt (Figure
2). During the investigation, the facility identified and
tested multiple potable and nonpotable water sources
that could pose a potential risk for Legionella bacteria
exposure. This serial environmental testing of devices
that can aerosolize water indicated a second source
of exposure was unlikely within the facility. Further-
more, despite the high number of reported cases with-
in the facility, we did not find any other commonali-
ties outside the workplace or identify additional cases
from the surrounding communities, leading us to ex-
clude the possibility of an outside source of infection.
Although we implemented stricter inclusion criteria
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for probable legionellosis cases during the influenza
season —requiring negative influenza and COVID-19
laboratory test results—the possibility of false posi-
tives existed. This possibility might explain the ongo-
ing cases that were reported for several months after
the initial remediation attempt and ~1 month after the
last corrective action.

Early reporting of the legionellosis cluster and
timely identification of the common occupational ex-
posure among patients were key to limiting the dura-
tion of this outbreak. Collaboration with the company’s
facility management played a major role in identifying
cases and in mitigation to prevent further exposures.
Company management distributed notifications to their
employees and involved their occupational health ser-
vice staff to help identify any potential missed cases and
ensure that employees sought treatment, if they experi-
enced symptoms. This communication effort combined
with prompt reporting to DHEC helped identify cases
and potential sources of exposure.

The first limitation of our study is that only 1
lower respiratory sputum specimen was obtained.
We did not recover an isolate from that clinical speci-
men; thus, a higher resolution method of character-
ization, such as whole-genome sequencing, was not
performed on the environmental isolates. Because
of the prevalence of Legionella ST36 strains, a typing
method with more discriminatory power, such as
whole-genome multilocus sequence typing, might
be required to make inferences about the relatedness
of ST36-typed isolates. Finally, the lack of testing for
patients with probable legionellosis cases might have
resulted in an overestimate if some of those patients
did not have Legionnaires” disease.

In conclusion, clusters of Legionella bacterial in-
fections in workplace settings are known to occur
and are often associated with cooling towers; how-
ever, reports of Legionella clusters have been linked to
cleaning devices (7,18). Our experience highlights the
need for public health authorities to consider nontyp-
ical sources of Legionella exposure when investigat-
ing legionellosis cases and clusters at manufacturing
facilities. It is also critical that owners and operators
of water-processing equipment evaluate the risks for
legionellosis associated with their use (10). Under-
standing the factors that contribute to the growth and
transmission of Legionella bacteria is pivotal for effec-
tive prevention and control strategies. Manufacturing
facilities that use aerosol-generating devices should
consider maintaining updated Legionella water man-
agement programs that specify when, where, and
how control measures should be applied to prevent
legionellosis cases and clusters.
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Systematic Review of Avian
Influenza Virus Infection and
Outcomes during Pregnhancy

Rachael Purcell, Michelle L. Giles, Nigel W. Crawford, Jim Buttery

Human cases of avian influenza A(H5N2) and A(H5N1)
viruses associated with outbreaks in birds and mammals
are increasing globally, raising concerns about the possi-
bility of a future avian influenza pandemic. We conducted
a systematic review examining 30 reported cases of avian
influenza in pregnant women. We found high mortality
rates for mothers (90.0%, 27/30) and their babies (86.7%,
26/30) when women were infected with avian influenza
virus during pregnancy. Despite being a high-risk popula-
tion and having worse health outcomes across multiple
pandemics, pregnant women are often excluded from
vaccine trials. However, as the risk for a new pandemic
increases and human vaccines against avian influenza
are developed, early inclusion of pregnant women in clini-
cal trials can inform the risk—benefit analysis for both the
mother and their newborn infant. Early inclusion of preg-
nant women in public health vaccination programs is vital
for protecting this high-risk population.

During pandemics, special risk populations are
often more vulnerable to severe disease and
death. Pregnant women experienced higher mortal-
ity and critical illness rates during the 2009 influenza
pandemic (1), the SARS-CoV-2 pandemic (2), and
the 2014-2016 Ebola epidemic in Africa (3). Global
efforts are needed to proactively recognize and miti-
gate risks to pregnant women before the onset of a
pandemic, rather than as a reactive process after a
pandemic has started.

Recent case reports of human infection with
avian influenza A(H5N2) and A(H5N1) viruses have
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