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Foreword

In the United States during the 1950s, the development of mechanical ventilation led to the
organization of special units in hospitals, where health care personnel with specific expertise
could efficiently focus on patients with highly technical or complex needs. Over the ensuing
years the sickest patients as well as those needing mechanical ventilation were grouped into
special care units. In 1958, Baltimore City Hospital developed the first multidisciplinary
intensive care unit. The concept of physician coverage 24 hours a day, seven days a week
became a logical approach to providing optimal care to the sickest, most complex patients.

Now, 50 years after the first multidisciplinary intensive care unit was opened, there are
now 5000 to 6000 intensive care units in the United States: Over 4000 hospitals offer one or
more critical care units, and there are 87,000 intensive care unit beds. Critical care represents
13.3% of hospital costs, totaling over $55 billion per year.

Health care providers are well aware of the role that infections play in the intensive care
unit. A substantial number of patients are admitted to the intensive care unit because of an
infection such as pneumonia, meningitis, or sepsis. A substantial number of patients admitted
to intensive care units for noninfectious disorders develop infections during their stay. Thus,
intensivists need expertise in the diagnosis, treatment, and prevention of infectious diseases.
Management of infections is pivotal to successful outcomes.

In this third edition of Infectious Diseases in Critical Care Medicine, Burke Cunha has
organized 31 chapters into an exceedingly practical and useful overview. Providers often find
it surprisingly difficult to distinguish infectious and noninfectious syndromes, especially when
patients have life-threatening processes that evoke similar systemic inflammatory responses.
Part I and Part II provide many clinical pearls that help with diagnosis and with developing a
strategy for initial patient management. Specific chapters focus on special intensive care unit
problems, such as central venous catheter infections, nosocomial pneumonias, endocarditis,
and Clostridium difficile infection. Particularly useful are chapters on special populations that
many clinicians rarely encounter: tropical diseases, cirrhosis, burns, transplants, or tubercu-
losis. Chapters on therapy also provide practical advice focused on critically ill patients, in
whom choice of agent, toxicities, drug interactions, and pharmacokinetics may be substantially
different from patients who are less seriously ill.

Critical care medicine is becoming more and more technology based. Genomics and
proteomics can predict susceptibility to various diseases and drug metabolic problems.
Patients can be assessed by ultrasonography to supplement physical examination. Diagnostic
biopsies can be performed on virtually any organ. Invasive arterial and venous monitoring as
well as monitoring of central nervous system and cardiac activity is commonplace.

Despite these advances in technology, knowledge of differential diagnosis, natural history,
and therapeutic options is still essential. To understand these processes, Burke Cunha has
assembled an impressive team of experienced clinicians to provide insight into the infectious
challenges of critical care medicine. This edition continues to provide relevant, current information
that will enhance clinical practice with this growing segment of hospitalized patients.

Henry Masur

Department of Critical Care Medicine
Clinical Center

National Institutes of Health
Bethesda, Maryland, U.S.A.



Preface to the First Edition

Infectious diseases are very important in critical care. In the critical care unit, infectious
diseases are seen in the differential diagnoses of the majority of patients, and maybe patients
acquire infections in the critical care unit. However, infectious disease is accorded a relatively
minor place in most critical care textbooks and does not receive the emphasis it deserves given
its presence in the critical care unit.

The infectious diseases encountered in the critical care setting are some of the most
severe and often difficult to diagnose. This book was developed for critical care practitioners,
the majority of whom are not trained in infectious diseases. It is written by clinicians in
infectious diseases in critical care and is meant as a handbook to provide valuable information
not included in critical care textbooks.

The text is unique in its emphasis and organization. It comprises four main sections: The
first section deals with general concepts of infectious diseases in the critical care unit; the
second deals with infectious diseases on the basis of clinical syndromes; the third deals with
specific infectious disease problems; and the fourth, with therapeutic considerations in critical
care patients.

One of the unique features of this book is its emphasis on differential diagnosis rather
than therapy. The main problem in the critical care unit is not therapeutic but diagnostic. If the
patient’s problem can be clearly delineated diagnostically, treatment is a relatively straight-
forward matter. Therapy cannot be appropriate unless related to the correct diagnosis.
Infectious Diseases in Critical Care Medicine emphasizes the importance of differential diagnoses
in each chapter and includes chapters on various “mimics” of infectious diseases. In fact, it is
with the “mimics” of various infectious disorders that the clinician often faces the most
difficult diagnostic challenges. This book should help the critical care unit clinician readily
discern between infectious diseases and the noninfectious disorders that mimic infection.

This is the first and only book that deals solely with infectious diseases in critical care
medicine. It is not meant to be a comprehensive textbook of infectious diseases. Rather, it
focuses on the most common infections likely to present diagnostic or therapeutic difficulties
in the critical care setting. The authors have approached their subjects from a clinical
perspective and have written in a style useful to clinicians. In addition to its usefulness to
critical care intensivists, this book should also be helpful to internists and infectious disease
clinicians participating in the care of patients in the critical care unit.

Burke A. Cunha



Preface to the Second Edition

Infectious diseases continue to represent a major diagnostic and therapeutic challenge in the
critical care unit. Infectious diseases maintain their preeminence in the critical care unit setting
because of their frequency and importance in the critical unit patient population.

Since the first edition of Infectious Diseases in Critical Care Medicine, there have been newly
described infectious diseases to be considered in differential diagnosis, and new antimicrobial
agents have been added to the therapeutic armamentarium.

The second edition of Infectious Diseases in Critical Care Medicine continues the clinical
orientation of the first edition. Differential diagnostic considerations in infectious diseases
continue to be the central focus of the second edition.

Clinicians caring for acutely ill patients in the CCU are confronted with the common
problem of differentiating noninfectious disease mimics from their infectious disease
counterparts. For this reason, the differential diagnosis of noninfectious diseases remain an
important component of infectious diseases in the second edition. The second edition of
Infectious Diseases in Critical Care Medicine emphasizes differential clinical features that enable
clinicians to sort out complicated diagnostic problems.

Because critical care unit patients often have complicated/interrelated multisystem
disorders, subspecialty expertise is essential for optimal patient care. Early utilization of
infectious disease consultation is important to assure proper application/interpretation of
appropriate laboratory tests and for the selection/optimization of antimicrobial therapy.
Selecting the optimal antimicrobial for use in the CCU is vital. As important is the optimization
of antimicrobial dosing to take into account the antibiotic’s pharmacokinetic and pharmaco-
dynamic attributes. The infectious disease clinician, in addition to optimizing dosing
considerations is also able to evaluate potential antimicrobial side effects as well as drug-
drug interactions, which may affect therapy. Infectious disease consultations can be helpful in
differentiating colonization ordinarily not treated from infection that should be treated.
Physicians who are not infectious disease clinicians lack the necessary sophistication in clinical
infectious disease training, medical microbiology, pharmacokinetics/pharmacodynamics, and
diagnostic experience. Physicians in critical care units should rely on infectious disease
clinicians as well as other consultants to optimize care these acutely ill patients.

The second edition of Infectious Diseases in Critical Care Medicine has been streamlined,
maintaining the clinical focus in a more compact volume. Again, the authors have been
selected for their expertise and experience. The contributors to the book are world-class
teacher/clinicians who have in their writings imparted wisdom accrued from years of clinical
experience for the benefit of the critical care unit physician and their patients. The second
edition of Infectious Diseases in Critical Care Medicine remains the only book dealing with
infections in critical care.

Burke A. Cunha



Preface to the Third Edition

Infectious disease aspects of critical care have changed much since the first edition was
published in 1998. Infectious diseases are ever present and are becoming important in critical
care. Infectious Diseases in Critical Care Medicine (third edition) remains the only book
exclusively dedicated to infectious diseases in critical care.

Importantly, Infectious Diseases in Critical Care Medicine (third edition) is written from the
infectious disease perspective by clinicians for clinicians who deal with infectious diseases in
critical care. The infectious disease perspective is vital in the clinical diagnostic approach to
noninfectious and infectious disease problems encountered in critical care. The third edition of
this book is not only completely updated but includes new topics that have become important
in infectious diseases in critical care since the publication of the second edition.

The hallmark of clinical excellence in infectious disease consultation is the diagnostic
experience and expertise of the infectious disease consultant. The clinical approach should not
be to arrive at a diagnosis by ordering a bewildering number of clinically irrelevant tests
hoping for clues from abnormal findings. The optimal differential diagnostic approach
depends on the infectious disease consultant carefully analyzing the history, physical findings,
and pertinent nonspecific laboratory tests in critically ill patients to focus diagnostic efforts.
Before a definitive diagnosis is made, the infectious disease consultant’s role as diagnostician is
to correctly interpret and correlate nonspecific laboratory tests in the correct clinical context,
which should prompt specific laboratory testing to rule in or rule out the most likely diagnostic
possibilities. As subspecialist consultants, infectious disease clinicians are excellent diagnos-
ticians. For this reason, infectious disease consultation is of vital importance for all but the
most straightforward infectious disease problems encountered in critical care.

Another distinguishing characteristic of infectious disease clinicians is that they are both
diagnostically and therapeutically focused. Many noninfectious disease clinicians often tend to
empirically “cover” patients with an excessive number of antibiotics to provide coverage
against a wide range of unlikely pathogens. Currently, most of resistance problems in critical
care units result from not appreciating the resistance potential of some commonly used
antibiotics in many multidrug regimens, such as ciprofloxaxin, imipenem, and ceftazidime.
Some contend this approach is defensible because with antibiotic “deescalation” the
unnecessary antibiotics can be discontinued subsequently. Unfortunately, except for culture
results from blood isolates cultures with skin/soft tissue infections, or cerebrospinal fluid with
meningitis, usually there are no subsequent microbiologic data upon which to base antibiotic
deescalation, such as nosocomial pneumonia, abscesses, and intra-abdominal/pelvic infec-
tions. The preferred infectious disease approach is to base initial empiric therapy or covering
the most likely pathogens rather than clinically unlikely pathogens. Should diagnostically
valid data become available, a change in antimicrobial therapy may or may not be warranted
on the basis of new information.

Because infectious disease consultation is so important in the differential diagnostic
approach in critical care, this book’s emphasis is on differential diagnosis. If the diagnosis is
inaccurate/incorrect, empiric therapy will necessarily be incorrect. To assist those taking care
of critically ill patients, chapters on physical exam clues and their mimics, ophthalmologic
clues and their mimics in infectious disease, and radiologic clues and their mimics in infectious
disease have been included in this edition. In addition, several chapters notably, “Clinical
Approach to Fever” and ““Fever and Rash,” also emphasize on physical findings.



Preface to the Third Edition xiii

Since the last edition, some infectious diseases, such as Clostridium difficile diarrhea/
colitis, SARS (severe acute respiratory syndrome), HPS (hantavirus pulmonary syndrome),
avian influenza (H5N1), and swine influenza (HIN1) have become important in critical care
medicine.

Another important topic has been added on infections related to immunomodulating/
immunosuppressive agents. The widespread introduction of immune modulation therapy has
resulted in a recrudescence of many infections due to intracellular pathogens, which are
important to recognize in patients receiving these agents. Because miliary tuberculosis is so
important and is not an infrequent complication of steroid/immunosuppressive therapy, a
chapter on this topic also has been included in the third edition.

As mentioned, antibiotic resistance in the critical care unit is a continuing problem with
short- and long-term clinical consequences. Currently, methicillin-resistant Staphylococcos
aureus and vancomycin-resistant enterococci are the most important gram-positive pathogens
in critical care, and a chapter has been added on antibiotic therapy of these pathogens. Among
the multidrug-resistant aerobic gram-negative bacilli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Acinetobacter baumannii continue to be difficult therapeutic problems, and a
chapter has been included on this important topic.

The contributors to the third edition of Infectious Diseases in Critical Care Medicine are
nationally or internationally acknowledged experts in their respective fields. The authors have
been selected for their clinical excellence and experience. They are teacher-clinicians also
known for their ability to effectively distill the key points related to their topics.

The third edition is not just a compendium of current guidelines. Guidelines are not
definitive and for this reason often change over time. Guideline followers may not agree with
this book’s clinical approach which is evidence based, but tempered by clinical experience.
Especially in critical care, the key determinant of optimal patient care is experienced based
clinical judgment which the clinician contributors have provided.

In summary, the this edition is both up-to-date and better than ever. Now in its third
edition, Infectious Diseases in Critical Care Medicine, written by clinicians for clinicians, remains
the only major text exclusively dealing with the major infectious disease syndromes
encountered in critical care medicine.

Burke A. Cunha
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INTRODUCTION

Fever is a cardinal sign of disease. It may be caused by a wide variety of infectious and
noninfectious disorders. The number of disorders that occur in seriously ill patients in critical
care units (CCUs) are more limited than in the non-CCU population. The main clinical
problems in the CCU are to differentiate between noninfectious and infectious causes of fever
and then to determine the cause of the patient’s fever.

The clinical approach to fever in the CCU is based on a careful analysis of the acuteness/
chronicity of the fever, the characteristics of the fever pattern, the relationship of the pulse to
the fever, the duration of the fever, and the defervescence pattern of the fever. It is the task of
the infectious disease consultant to relate aspects of the patient’s history, physical, laboratory,
and radiological tests with the characteristics of the patient’s fever, which together determine
differential diagnostic possibilities. After the differential diagnosis has been narrowed by
analyzing the fever’s characteristics and the patient-related factors mentioned, it is usually
relatively straightforward to order tests to arrive at a specific diagnosis.

Most patients in the CCU have some degree of temperature elevation. Trying to
determine the cause of fever in CCU patients is the daily task of the patient’s physicians. Fever
in the CCU can be a perplexing problem because the clinician must determine whether the
patient’s underlying disorder is responsible for the fever or fever is a superimposed phenomenon
on the patient’s underlying problem responsible for admission to the CCU. The infectious disease
consultant’s clinical excellence is best demonstrated by the rapidity and accuracy in arriving at a
cause for the patient’s fever (Table 1) (1-10).

CAUSES OF FEVER IN THE CCU
Noninfectious Causes of Fever in the CCU
A wide variety of disorders are associated with a febrile response. Both infectious and
noninfectious disorders may cause acute/chronic fevers that may be low, i.e., <102°F, or high
grade, i.e., >102°F. Of the multiplicity of conditions that may be encountered in the CCU with
a few notable exceptions, most noninfectious disorders are associated with fevers of <102°F.
Exceptions to the 102°F fever rule include malignant hyperthermia, adrenal insufficiency,
massive intracranial hemorrhage, central fever, drug fever, collagen vascular disease flare,
particularly systemic lupus erythematosus (SLE) flare, heat stroke, vasculitis, and certain
malignancies particularly lymphomas. The most common noninfectious disorders encoun-
tered in the CCU either have no fever, or have low-grade fevers <102°F, and include acute
myocardial infarction, pulmonary embolism/infarct, phlebitis, catheter-associated bacteriuria,
acute pancreatitis, viral hepatitis, acute hepatic necrosis, uncomplicated wound infections,
subacute bacterial endocarditis, cerebrovascular accidents (CVAs), small/moderate intracerebral
bleeds, pulmonary hemorrhage, acute respiratory distress syndrome (ARDS), bronchiolitis
obliterans organizing pneumonia (BOOP), pleural effusions, atelectasis, cholecystitis, non-
infectious diarrheas, Clostridium difficile diarrhea, ischemic colitis, splenic infarcts, renal infarcts,
pericardial effusion, dry gangrene, gas gangrene, surgical toxic shock syndrome, acute gout,
small-bowel obstruction, and cellulitis (1,3,5,11-31).

Extreme hyperpyrexia (temperature >106°F) is not a clue to an infectious disease. There
are relatively few disorders, all noninfectious, which are associated with extreme hyperpyrexia
(Table 2) (1,3,5).
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Table 1 Causes of Fever in the CCU

Cunha

System/Source

Infectious causes

Noninfectious causes

e Central nervous

e Cardiovascular

e Pulmonary

e Gastrointestinal

e Renal

e Rheumatologic

e Skin/soft tissue

e Endocrine/metabolic

e Miscellaneous

Meningitis
Encephalitis

Endocarditis

Intravascular device infection
Central Venous Catheter (CVC)-
associated bacteremia
Septic thrombophlebitis

Pacemaker infection

Postperfusion syndrome (CMV)

Pneumonia

Empyema

Tracheobronchitis

Sinusitis

Intra-abdominal abscess

Cholecystitis/cholangitis

Viral hepatitis

Peritonitis

Diverticulitis

C. difficile colitis

Urinary tract infection (Cystitis)

Acute pyelonephritis

Osteomyelitis

Septic arthritis

Cellulitis
Wound infection

Sustained bacteremias
Transient bacteremias
Parotitis

Pharyngitis

Cerebral infarction

Cerebral hemorrhage
Seizures

Myocardial infarction
Dressler's syndrome
Postpericardiotomy syndrome
Thrombophlebitis

Deep vein thrombosis
Atelectasis

Chemical pneumonitis
Pulmonary emboli/infarction
Gastrointestinal hemorrhage
Acalculous cholecystitis
Nonviral hepatitis
Pancreatitis

Inflammatory bowel disease
Ischemic colitis

Gout/pseudogout

Collagen vascular disease (SLE)
Vasculitis

Hematoma

Intramuscular injections

Burns

Adrenal insufficiency
Hyperthyroidism/thyroiditis
Alcohol/drug withdrawal

Drug fever
Postoperative/postprocedure
Blood/blood products transfusion
Intravenous contrast reaction
Fat emboli syndrome
Neoplasms/metastasis

Table 2 Causes of Extreme Hyperpyrexia (High Fevers >106°F)

Hypothalamic disease/dysfunction

Central fevers (hemorrhagic, trauma, infection, malignancy)
Malignant neuroleptic syndrome

Malignant hyperthermia

Drug fever (typically 102°F—106°F)

Tetanus

The clinical approach to the noninfectious disorders with fever is usually relatively
straightforward because they are readily diagnosable by history, physical, or routine
laboratory or radiology tests. By knowing that noninfectious disorders are not associated
with fevers >102°F, the clinician can approach patients with these disorders that have fevers
>102°F by looking for an alternate explanation. The difficulty usually arises when the patient
has a multiplicity of conditions and sorting out the infectious from the noninfectious causes
can be a daunting task (Tables 3 and 4) (1-6,10).
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Table 4 Clinical Approach to Fever in CCU

Early infectious disease consultation
e All critically ill febrile CCU patients should have infectious disease consultation
o Infectious disease consultation also useful to evaluate mimics of infection (pseudosepsis) and interpretation
of complex microbiologic data

Low-grade fevers (<102°F)
e Noninfectious disorders most likely causes of low-grade fevers
Common medical disorders with fevers <102°F in CCU:

MI/CHF Hematomas

Pulmonary embolus/infarction Gl hemorrhage

Acute pancreatitis Cholecystitis
Atelectasis/dehydration Uncomplicated wound infections
Thrombophlebitis

e Infectious diseases are less likely causes

High spiking fevers (>102°F) in CCU:
e Infectious cause most likely

Most common causes of noninfectious fevers >102°F in CCU:
e Drug fevers

Malignant neuroleptic syndrome

Central fevers

Relative adrenal insufficiency

SLE flare

Vasculitis

Blood transfusion

Transient bacteremias (2° to manipulation of colonized/infected mucosa surface)

Infectious Causes of Fever in the CCU

Most infections that are not toxin mediated elicit a febrile response. While all infections do not
manifest temperatures >102°F, they have the potential to be >102°F, e.g., nosocomial
pneumonia may be associated with temperatures <102°F or >102°F. Although all infectious
diseases will not present with temperatures >102°F, they are the disorders most frequently
associated with temperatures in the 102°F-106°F range. Infectious diseases encountered in the
CCU usually associated with temperatures >102°F include postoperative abscesses, acute
meningitis, acute encephalitis, brain abscess, suppurative thrombophlebitis, jugular septic vein
thrombophlebitis, septic pelvic thrombophlebitis, septic pulmonary emboli, pericarditis, acute
bacterial endocarditis, perivalvular/myocardial abscess, community-acquired pneumonia
(CAP), pleural empyema, lung abscess, cholangitis, intrarenal/perinephric abscess, prostatic
abscess, urosepsis, central-line infections, contaminated infusates, pylephlebitis, liver abscess,
C. difficile colitis, complicated skin and soft tissue infections/abscesses, AV graft infections,
foreign body-related infections [infected pacemakers, defibrillators, semipermanent central
intra-venous (IV) catheters, Hickman/Broviac catheters], and septic arthritis. Infectious
diseases likely to be seen in the ICU setting with temperatures <102°F include osteomyelitis,
sacral decubitus ulcers, uncomplicated wound infections, cellulitis, etc. (5,19,21,23).

The clinician should analyze the fever relationships in the clinical context and correlate
these findings with other aspects of the patient’s clinical condition to arrive at a likely cause for
the temperature elevation. The clinical approach utilizes not only the height of the fever but the
abruptness of onset, the characteristics of the fever curve, the duration of the fever, and
defervescence pattern, all of which have diagnostic importance (Table 5) (5).

SINGLE FEVER SPIKES >102°F

Patients in the CCU who have been afebrile or had low-grade fevers, i.e,, <102°F may
suddenly develop a single fever spike >102°F. Single fever spikes are never infectious in
origin. The causes of single fever spikes include insertion/removal of a urinary catheter,
insertion/removal of a venous catheter, suctioning/manipulation of an endotracheal tube,
wound packing/lavage, wound irrigation, etc. Any manipulative procedure that involves a
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Table 5 Clinical Applications of the “102°F Fever Rule” in the CCU

Common causes of fever <102°F Comments

Acute myocardial infarction ® H/O chest pain/fcommunity-acquired pneumonia
® EKG/cardiac enzymes

H/O pulmonary emboli underlying reasons predisposing to
pulmonary emboli

VQ scan positive (pulmonary angiography for large emboli)
1 FSPs with multiple small pulmonary emboli

Hyperactive bowel sounds, bleeding per rectum/melena
1 BUN (except in alcoholic liver disease)
Endoscopy/abdominal CT scan — bleeding source

Severe abdominal pain: often associated with ARDS
Grey—Turner’s/Cullen’s sign
1 Amylase and 1 lipase or pancreatitis on abdominal CT scan

H/O recent surgery/bleeding diathesis
Local erythema without suppuration/vein tenderness

Bacteriuria and pyuria represents colonization, not infection
Bacteremia (urosepsis) does not result from bacteriuria unless there
is preexisting renal disease, urinary tract obstruction, or patient
has SLE, DM, steroids, etc.

Pleural effusions ® Bilateral effusions are never due to infection: look for a noninfectious
etiology

Uncomplicated wound infections ® Except for gas gangrene and streptococcal cellulitis, temperatures
are usually low grade
® “Wounds” with temperatures >102°F should prompt a search for
an underlying abscess

Atelectasis/dehydration ® Temperatures usually <101°F
May be confused with pulmonary emboli/early pneumonia

Purulent endotracheal secretions with negative CXR
Tracheobronchitis — temperatures <102°F

Warm, tender calf/foot veins + palpable cord
Thrombophlebitis does not — pulmonary emboli
Phlebothrombosis — pulmonary emboli

Stools positive for C. difficile toxin
Fecal WBC positive ~50%
Temperatures <102°F

Pulmonary embolism/infarction

Gl bleed

Acute pancreatitis

Hematomas
Phlebitis
CAB

Tracheobronchitis

Thrombophlebitis

C. difficile diarrhea

Abbreviations: ARDS, acute respiratory distress syndrome; BUN, blood urea nitrogen; CT, CAT scan; CAB,
catheter-associated bacteriuria; DM, diabetes mellitus; FSPs, fibrin split products; PE, pulmonary edema;
SLE, systemic lupus erythematosus.

manipulation of a colonized /infected surface can induce a transient bacteremia. Such transient
bacteremias are unsustained and because of their short duration, i.e., less than five minutes,
they do not result in sustaining infection or spread infection to other organs, and for this
reason may not be treated. Single fever spikes of the transient bacteremias are a diagnostic not
a therapeutic problem. The other common cause of single fever spikes in the CCU is blood
product transfusions. Fever secondary to blood products/blood transfusions are a frequent
occurrence, and are most commonly manifested by fever following the infusion. The distribution
of fever is bimodal following a blood transfusion. Most reactions occur within the first 72 hours
after the blood /blood product transfusion, and most reactions within the 72-hour period occur in
the first 24 to 48 hours. There are very few reactions after 72 hours, but there is a smaller peak five
to seven days after the blood transfusion, which although very uncommon, may occur. The
temperature elevations associated with late blood transfusion reactions are lower than those with
reactions occurring soon after blood transfusion. The fever subsequent to the transient bacteremia
results from cytokine release and is not indicative of a prolonged exposure to the infecting agent,
but rather represents the post-bacteremia chemokine-induced febrile response. The temperature
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elevations from manipulation of a colonized infected mucosal surface persist long after the
bacteremia has ceased (1,3-5,24-27).

In patients with fever spikes due to transient bacteremias following manipulation of a
colonized or infected mucosal surface, or secondary to a blood/blood product transfusion,
may be inferred by the temporal relationship of the event and the appearance of the fever. In
addition to the temporal relationship between the fever and the transient bacteremia or
transfusion-related febrile response is the characteristic of the fever curve, i.e., a single, isolated
temperature spike that resolves spontaneously without treatment (1,5,11,32).

MULTIPLE FEVER SPIKES >102°F

Multiple fever spikes >102°F may be infectious or noninfectious in origin, because a hectic
septic fever pattern does not in itself suggest a particular etiology. The clinician must rely upon
associated findings in the history and physical, or among laboratory or radiology tests to
narrow down the cause of the fever. Pulse-temperature relationships are also of help in
differentiating the causes of fever in patients with multiple temperature spikes over a period of
days (1-5,10). Assuming that there is no characteristic fever pattern, the presence or absence of
a pulse-temperature deficit is useful. Patients with a pulse-temperature deficit, i.e., relative
bradycardia, are limited to relatively few infectious and noninfectious disorders. In the CCU
setting, patients with multiple spiking fevers and a pulse-temperature deficit should suggest
Rocky Mountain spotted fever (RMSF), typhus, arboviral hemorrhagic fevers, central fevers,
lymphoma-related fevers, Legionnaires’ disease, Q fever, psittacosis, or drug fever. The
diagnostic significance of relative bradycardia can only be applied in patients who have normal
pulse-temperature relationships, i.e., those who do not have pacemaker-induced rhythms, have
third-degree heart block, those with arrhythmias, or those on verapamil, diltiazem, or B-blocker
therapy. Any patient on these medications who develop fever will develop relative bradycardia,
thus eliminating the usefulness of this important diagnostic sign in patients with relative
bradycardia (Table 6) (1,5,33-35).

CAUSES OF ACUTE LOW-GRADE FEVERS IN THE CCU

Most of the acute, noninfectious disorders that occur in the CCU are accompanied by low-
grade fevers, i.e,, <102°F for a short period of time. Fever secondary to acute myocardial
infarction, pulmonary embolus, acute pancreatitis, are all associated with fevers of short
duration. If present in patients with these underlying diagnoses, a fever >102°F or one that
lasts for more than three days should suggest a complication or an alternate diagnosis. Other
condition that may present in this way include dehydration, atelectasis, wound healing,
hematoma, seromas, ARDS, BOOP, deep vein thromboses, pleural effusions, tracheobronchitis,
decubitus ulcers, cellulitis, phlebitis, etc. Prolonged low-grade fevers are, in the main, not
infectious. Clinicians should try to determine what noninfectious disorder is causing the fever
so that undue resources will not be expended looking for an unlikely infectious disease
explanation for the fever (1-10,24-30).

CAUSES OF PROLONGED LOW-GRADE FEVERS IN THE CCU

There are relatively few causes of prolonged fevers in the CCU that last for over a week. Such
low-grade prolonged fevers lasting over a week have been termed nosocomial fevers of
unknown origin (FUOs). There are relatively few causes of nosocomial FUOs in contrast to its
community-acquired counterpart. Low-grade infections or inflammatory states account for
most of the causes of nosocomial FUOs. Nosocomial FUOs are usually due to central fevers,
drug fevers, postperfusion syndrome, atelectasis, dehydration, undrained seromas, tracheo-
bronchitis, and catheter-associated bacteriuria. Prolonged fevers that become high spiking
fevers should suggest the possibility of nosocomial endocarditis related to a central line
or invasive cardiac procedure. Prolonged high spiking fevers can also be due to septic
thrombophlebitis or an undrained abscess. Nosocomial sinusitis due to prolonged naso-
tracheal intubation is a rare cause of prolonged fever in the CCU (2,5,6,3640).
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Table 6 Clinical Applications of the “102°F Rule” in the CCU

Common causes of fever >102°F Comments

NP/VAP ® Temperatures usually <102°F

® Pulmonary infiltrate consistent with a bacterial pneumonia
occurring >5 days after hospitalization

® NP/VAP must be differentiated on CXR from ARDS, LVF, etc.

® Endotracheal secretion isolates represent upper airway
colonization and are not reflective of lower respiratory tract
organisms causing VAP

® Endotracheal respiratory secretion isolates should not be
“covered” with empiric antibiotics

Central venous catheter (CVC) infections ® Usually CVCs in for >7 days
® Organisms from blood cultures taken from noninvolved
extremity same as positive semiquantitative catheter tip
culture (>15 colonies)
® |f all other sources of fever are ruled out, consider CVC
infection, especially with lines in for >7 days (even if site
not infected visually)

Pus at CVC insertion site after CVC removal
Temperatures usually >102°F
Blood cultures positive

Stools positive for C. difficile toxin

Abrupt 1 WBC count to 30-50 k/mm?

Abrupt cessation of diarrhea in a patient with C. difficile diarrhea
New abdominal pain in patient with C. difficile diarrhea
Abdominal CT scan shows colonic ‘thumbprinting”/pancolitis/
toxic £ megacolon

Septic thrombophlebitis

C. difficile colitis

Drug fever ® Consider drug fever in patients with otherwise unexplained
temperatures

® Blood cultures are negative (excluding contaminants)
Patients with drug fever usually have >102°F with relative
bradycardia®
1 WBC with left shift
Mild/moderate serum transaminases
Eosinophils present (eosinophilia less commonly)
T ESR
Commonest causes of drug fever are diuretics, pain/sleep
medications, sulfa-containing stool softeners/drugs or
B-lactam antibiotics (see Table 6)

Blood/blood product transfusion ® Single fever spike (1-3 or 5-7 days posttransfusion)
Transient bacteremia due to ® Single temperature spike 1-3 days, postmanipulative, that
manipulation of a colonized/infected spontaneously resolves without treatment
mucosal surface
Serious systemic infectious diseases ® Most normal hosts have fevers >102°F

@Patients without heart block/arrhythmias, pacemaker rhythm, or on B-blockers, diltiazem, or verapamil
Abbreviations: BBB, bundle branch block; BAL, bronchioalveolar lavage; CT, CAT scan; CVC, central venous catheter;
ESR, erythrocyte sedimentation rate; NP, nosocomial pneumonia; VAP, ventilator-associated pneumonia

COMMON DIAGNOSTIC PROBLEMS IN THE CCU

Drug Fever

Drug fevers are so important in the CCU setting because of the multiplicity of medications.
Physicians should always be suspicious of the possibility of drug fever when other diagnostic
possibilities have been exhausted. Drug fever may occur in individuals who have just recently
been started on the sensitizing medication, or more commonly who have been on a sensitizing
medication for a long period of time without previous problems. Patients with drug fever do
not necessarily have multiple allergies to medications and are not usually atopic. However, the
likelihood of drug fever is enhanced in patients who are atopic with multiple drug allergies.
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Patients with drug fever, i.e., hypersensitivity reaction without rash may present with any
degree of fever, but most commonly drug fevers are in the 102°F-104°F range. Other conditions
aside, patients look “inappropriately well” for the degree of fever, which is different from that
of the toxemic patient with a serious bacterial systemic infection. Relative bradycardia is
invariably present excluding patients on B-blocker therapy, those with arrhythmias, heart
block, or pacemaker-induced rhythms (1,5,41,42). Laboratory tests include an increase in WBC
count with a shift to the left. Eosinophils are often present early in the differential count, but
less commonly is their actual eosinophilia. The ESR also goes up with drug fever, but this may
be compounded by other causes of increased ESR with the multitude of disorders in CCU
patients. The sedimentation rate also is increased after surgical procedures, negating the
usefulness of this test in the postoperative fever patient. Serum transaminases, i.e., SGOT/
SGPT are also mildly/transiently elevated early in cases of drug fever. Often such mild
increases in the serum transaminases are overlooked by clinicians as acute-phase reactants or
as not being very elevated. However, in a patient with an obscure otherwise unexplained fever,
the constellation of nonspecific findings including relative bradycardia, slightly increased
serum transaminases, and eosinophils in the differential count is sufficient to make a presumptive
diagnosis of drug fever (Tables 7 and 8)(1-5,8,30-35).

It is a popular misconception that antibiotics are the most common cause of drug fever.
Among the antibiotics, f-lactams and sulfonamides are the most common causes of drug fever
in the CCU setting. More common causes of fever in the CCU setting are antiarrhythmics;
antiseizure medications; sulfa-containing loop diuretics, e.g., furosemide, tranquilizers, sedatives,
sleep medications, antihypertensive medications; sulfa-containing stool softeners, e.g., Colace;
and to a lesser extent, B-blockers. Since patients are usually receiving multiple medications, it is
not always possible to discontinue the one agent likely to be the cause of the drug fever. Often
two or three agents have to be discontinued simultaneously. The clinician should discontinue the
most likely agent that is not life supporting or essential first, in order to properly interpret the
decrease in temperature if indeed that was the sensitizing agent responsible for the drug fever. If
the agent that is likely to cause the drug fever cannot be discontinued, every attempt should be
made to find an equivalent nonallergic substitute, i.e., ethacrynic acid in place of furosemide as a
loop diuretic for CHF, a carbapenem in place of a B-lactam. If the agent responsible for the drug
fever is discontinued, temperatures will decrease to near normal/normal within 72 hours. If the
temperature does not decrease within 72 hours, then the clinician should discontinue sequentially
one drug at a time, those that are likely to be the causes of drug fever. Resolution of drug
fever means that not only the temperature returns to normal, but the leukocytosis decreases and
the eosinophils disappear in the differential WBC count (Tables 7 and 8) (5,33,35). If the
patient has a drug rash and fever, the diagnosis is drug rash. If the fever is associated with drug
rash, it may take days to weeks to return to normal after the sensitizing drug is discontinued
(Tables 7 and 8) (5,27,41-43).

Central Venous Catheter (CVC) Related Infections

Any invasive intravascular device may be associated with infection, but central IV lines are the
ones most likely to result in CVC related sepsis. Other causes of CVC related sepsis that may
be encountered in the CCU are an infected Hickman/Broviac, PICC line, or pacemaker lead/
generator infection, or Quinton catheter. Patients with AV-graft infections resemble, in clinical
presentation, those with CVC related sepsis. The diagnosis of CVC related infection may be
obvious or less straightforward. The likelihood that a patient in the CCU has CVC related
infection is related to the duration that the CVC line is in place. CVC related infections are rare
in less than or equal to seven days after line placement. There is progressive increase in the
incidence of CVC related infection following seven days of catheter insertion, i.e., the longer
the central IV line is in the more likely that IV sepsis will ensue. CVC related infections often
present as otherwise unexplained obscure fevers. Half the patients will have obvious sign of
infection at the catheter entry site. This is all that is required for a presumptive diagnosis of
CVC related infection, and the catheter should be removed and semiquantitative catheter tip
cultures and blood cultures should be obtained to confirm the diagnosis. However, the more
common problem is in the other half of patients who have no local signs of infection at the site
of CVC insertion. With these patients, CVC related infection should be suspected after other
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Table 7 Clinical Features of Drug Fever

History
® |ndividuals often atopic
® Patients on a “sensitizing medication” for days or more commonly, months/years

Physical examination
® Low- to high-grade fevers (usually >102°F)
® Relative bradycardia (with temperature >102°F)+
® Patients appear “inappropriately well” for degree of fever (don’t look septic®)
® No rash®
Laboratory tests
® |eukocytosis (with left shift)
® FEosinophils are usually present (eosinophilia is uncommon)
® FElevated ESR (may reach >100 mm/h)
® Mildly elevated serum transaminases (early/transient)

8Excluding septic patients who also have drug fever.

PRash, if present, represents drug rash (not drug fever), which is usually accompanied
by fever. Drug rashes usually maculopapular (occasionally with a petechial component),
central, and may involve palms/soles.

TExcluding those on B-blockers, verapamil, or diltiazem.

Table 8 Causes of Drug Fever: Sensitizing Medications

Common Causes Uncommon Causes Rare Causes
Sulfa-containing drugs All other medications Digoxin
Stool softeners (Colace) Steroids
Diuretics (Lasix) Diphenhydramine (Benadryl)
Sleep medications Aspirin
Antiseizure medications Vitamins
Antidepressants/tranquilizers Aminoglycosides
Antiarrhythmics Tetracyclines
NSAIDS Macrolides
Antibiotics (B-lactams, sulfonamides) Clindamycin
Chloramphenicol
Vancomycin
Aztreonam
Quinolones
Carbapenems
Tigecycline
Daptomycin
Quinupristin/dalfopristin
Linezolid

Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs

diagnostic possibilities have been eliminated in patients who have had a CVC in place for
days/weeks. Blood cultures should be obtained and the catheter removed for semiquantitative
culture of the CVC catheter tip. The finding of a positive catheter tip culture is one with >15
colonies plated in the method of Maki/Cleri. Positive catheter tip culture without bacteremia
indicates only a colonized catheter. Bacteremia without positive catheter tip culture with the
same organism indicates bacteremia but not secondary to the CVC. CVC related infections are
diagnosed by demonstrating the same organism in the blood and the catheter tip. The
treatment for CVC related infection is to remove the CVC. If no further central venous access is
necessary, the line may be discontinued, but if continued central IV line access is required, then
the catheter may be changed over a guidewire. Changing the catheter over a guidewire does
not subject the patient to the possibility of a pneumothorax from a subclavian insertion
(8,10,21,32,38,39).
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Alternately, after the catheter is removed, another may be placed in a different
anatomical location. Femoral catheters are the ones most likely to be infected followed by
internal jugular have been in place for months inserted catheters. The subclavian inserted
central IV lines are those least likely to be infected over time. Central venous catheter (CVC)
related infections are treated by catheter removal and antibiotics are usually given, even
though the source of the bacteremia has been removed. The organisms from the skin, i.e.,
Staphylococcus aureus, Staphylococcus epidermidis / coagulase-negative staphylococci (CoNS), are
the most frequent cause, but aerobic gram-negative bacilli and to a lesser extent enterococci are
also important causes of IV-line sepsis in the CCU. Many times catheters are often needlessly
changed when patients, particularly postoperative patients spike a fever in the first two to
three days postoperatively. CVC change so early is unnecessary because IV-line infections are
rare before being in place for at least seven days. If antibiotics are used to treat CVC related
infections after the central line is removed, treatment is ordinarily for seven days for gram-
negative organisms, and for two weeks for gram-positive organisms (excluding CoNS). CoNS
are not ordinarily treated because they are low-virulence pathogens and are incapable of
infection in the absence of prosthetic metal or plastic materials. Even if devices/prosthetic
materials are in place in a patient with a CoNS bacteremia, patients who have endothelialized
their devices/prosthetic materials the likelihood of infection from a transient bacteremia
associated with a CVC is very low. It cannot be emphasized too strongly that the clinician
should have a high index of suspicion for CVC related infection the longer the catheter has
been in place in patients without an alternate explanation for their prolonged fevers. CVCs
should not be changed/removed prophylactically if they are in place for less than days unless
there are obvious signs of infection at the catheter site entry point (4,5,38,39).

Diagnostic Significance of Relative Bradycardia

Relative bradycardia combined in a patient with an obscure fever is an extremely useful
diagnostic sign. Fever plus relative bradycardia immediately limits diagnostic possibilities to
central fevers, drug fevers, lymphomas, among the noninfectious disorders commonly causing
fever in the CCU. Among the infectious causes of fever in the CCU, relative bradycardia in
patients with pneumonia narrows diagnostic possibilities to Legionella, psittacosis, or Q fever
pneumonia. Patients without pneumonias, with fevers in the CCU, limit diagnostic possibilities to
a variety of arthropod-borne infections, i.e., RMSF, typhus; typhoid fever, arthropod-borne
hemorrhagic fevers, i.e., yellow fever, Ebola, dengue fever. Relative bradycardia, like other signs,
should be considered in concert with other clinical findings to prompt further diagnostic testing
for specific infectious diseases and to eliminate the noninfectious disorders associated with
relative bradycardia from further consideration (Tables 9 and 10) (5/41,42).

Diagnostic Fever Curves

Fever patterns are often considered nonspecific, therefore, have limited diagnostic specificity.
It is true that patients being intermittently given antipyretics and being instrumented in a
variety of anatomical locations do have complex fever patterns. However, these are usually
easily sorted out on the basis of clinical findings. Fever patterns, i.e., “dromedary” or “camel
back,” remain useful in diagnosing enigmatic fevers in hospitalized patients. A “camel back”
pattern should suggest the possibility of Colorado tick fever, dengue, leptospirosis, brucellosis,
lymphocytic choriomeningitis, yellow fever, the African hemorrhagic fevers, rat bite fever, and
smallpox (5,41-46).

A relapsing fever pattern suggests malaria, rat bite fever, chronic meningococcemia,
dengue, brucellosis, cholangitis, smallpox, yellow fever, and relapsing fever. The causes of
continuous/sustained fevers include typhoid fever, drug fever, scarlet fever, RMSF, psittacosis,
Kawasaki’s disease, brucellosis, human herpesvirus-6 (HHV-6) infections, and central fevers.

Remittent fevers are characteristic of viral respiratory tract infection, malaria, acute
rheumatic fever, Legionnaires” disease, Legionella/Mycoplasma CAP, tuberculosis, and viridans
streptococcal subacute bacterial endocarditis (SBE). Hectic/septic fevers may be due to gram-
negative or gram-positive sepsis, renal, abdominal, or pelvic abscesses, acute bacterial
endocarditis, Kawasaki’s disease, malaria, miliary TB, peritonitis, toxic shock syndrome, or
may be due to overzealous administration of antipyretics (5,44).
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Table 9 Determination of Relative Bradycardia

Criteria:
Inclusive
® Patient must be an adult, i.e., >13 years
® Temperature >102°F
® Pulse must be taken simultaneously with the temperature elevation

Exclusive
® Patient has no arrhythmia, second-/third-degree heart block or pacemaker-induced rhythm
® Patient not on B-blocker, verapamil, or diltiazem

Temperature—pulse relationships

Pulse rate in relative

Temperature Appropriate pulse response bradycardia
106°F (41.1°C) 150/min <140/min
105°F (40.6°C) 140/min <130/min
104°F (40.7°C) 130/min <120/min
103°F (39.4°C) 120/min <110/min
102°F (38.9°C) 110/min <100/min

Source: Adapted from Ref. 41.

Table 10 Causes of Relative Bradycardia

Infectious causes Noninfectious causes
e Legionella e Drugs
e Psittacosis B-blockers
e Q fever Verapamil
e Typhoid fever Diltiazem
e Typhus e CNS lesions
e Babesiosis e Lymphomas
e Malaria e Factitious fevers
e Leptospirosis e Drug fever
e Yellow fever
e Dengue fever
e Viral hemorrhagic fevers
¢ RMSF

Abbreviations: CNS, central nervous system; RMSF, Rocky Mountain spotted fever.

Double quotidian fevers, i.e., two fever spikes in 24 hours, not artificially induced by
antipyretics, should suggest right-sided gonococcal endocarditis, mixed malarial infections,
miliary TB, visceral leishmaniasis, or adult Still’s disease. These findings should limit diagnostic
possibilities and prompt the clinician to order specific diagnostic testing for likely diagnostic
possibilities (1,5,44).

Diagnostic Significance of Fever Defervescence Patterns

Most of this chapter has been concerned with the diagnosis of fever in the CCU. This is done by
analyzing the rapidity of onset of the fever, the height of the fever, the relationship of the fever
to the pulse, the fever patterns, and the duration of the fever. Particularly in perplexing cases
of fever, the characteristics of fever resolution also have diagnostic significance. Fever
defervescence patterns may be interpreted in two ways. The rapidity and completeness of the
fever pattern resolution attests to the effective treatment or resolution of the noninfectious or
infectious process. Fever defervescence patterns are as predictable as fever patterns and are
also useful in predicting complications secondary to the disorder or therapy.
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With bacterial meningitis, temperature resolution with appropriate therapy is related to
the pathogen causing the meningitis. Meningococcal meningitis defervesces quickly over one
to three days whereas Haemophilus influenzae meningitis resolves over three to five days, and
severe pneumococcal meningitis may take a week or longer for the fever to decrease/become
afebrile. Viral causes of meningitis or encephalitis defervesce very slowly over a seven-day
period, and by monitoring the fever defervescence pattern a clinician can easily differentiate
viral meningitis/encephalitis from bacterial meningitis. Because fever defervescence patterns
may also point to complications, the astute clinician will monitor the fever pattern post
therapy, looking for an unexpected temperature spike after the patient has defervesced.

H. influenzae meningitis, for example, defervesces after three to five days but if the patient
spikes a temperature after five days, this would suggest either a complication of the infection,
i.e., subdural empyema, or a complication of therapy, i.e., drug fever secondary to antimicrobial
therapy (1,2,5).

In patients with endocarditis, the fever defervescence pattern is also pathogen related.
Patients with SBE have fevers <102°F, and defervesce after a few days of effective antimicrobial
therapy. A subsequent temperature spike after the fever with Streptococcus viridans SBE has
resolved should suggest either a complication of SBE, i.e., septic emboli/infarcts, or a
complication of SBE therapy, ie., drug fever. With S. aureus acute bacterial endocarditis
(ABE), patients initially have temperatures >102°F [excluding SBE and intravenous drug abusers
(IVDAs)]. Patients with S. aureus endocarditis defervesce within three to five days after initiation
of effective anti-S. aureus therapy. The persistence of fever in a patient being treated
appropriately should suggest the possibility of a paravalvular/mild myocardial abscess. With
S. aureus ABE, the reappearance of fever after initial defervescence should suggest a septic
complication, i.e., septic emboli/infarcts, paravalvular/myocardial abscess, or complication of
antimicrobial therapy, e.g., drug fever. Patients with enterococcal endocarditis have a fever
defervescence pattern intermediate between S. viridans SBE and ABE. Patients with enterococcal
endocarditis usually defervesce slowly over five days and recrudescence of fever in patients with
enterococcal endocarditis should suggest a septic complication or drug fever (1,5,21,43).

Fever defervescence patterns are also important in patients with CAP as well as
nosocomial pneumonias. In normal hosts with CAP due to typical bacterial pathogens,
i.e., S. pneumoniae, H. influenzae, or Moraxella catarrhalis, fever resolves rapidly over the first
few days with effective treatment. S. pneumoniae CAP has three possible fever defervescence
patterns, the first and most common is a rapid decrease in temperature similar to that found
in H. influenzae or M. catarrhalis CAP in normal hosts. The second with pneumococcal
pneumonia is that of initial defervescence followed in three to five days by a secondary rise
in fever. A secondary fever rise is a normal variant and does not indicate an infectious
complication. The third with S. pneumoniae is found in patients with impaired humoral
immunity, i.e., patients with alcoholic cirrhosis, multiple myeloma, chronic lymphatic
leukemia (CLL), etc. With patients with impaired B-lymphocyte function, the fever slowly
remits during the first week of therapy. Patients with overwhelming pneumococcal sepsis,
with no humoral immunity, i.e., asplenia, remain febrile and critically ill until the infection
resolves or there is a fatal outcome.

Patients with nosocomial pneumonias NP/VAP may have temperature elevations that
are above/below 102°F, and fever is not a way to rule in or rule out the diagnosis of
nosocomial pneumonia. The NP/VAP is an imprecise diagnosis and is routinely given to most
patients in the CCU who have fever, leukocytosis, and pulmonary infiltrates. Therefore, most
patients who have a working diagnosis of NP/VAP in fact do not have NP/VAP but have
infiltrates, fever, and leukocytosis due to other causes. Patients being treated appropriately
with monotherapy or combination therapy for NP/VAP defervesce rapidly if the infiltrates do
in fact represent NP/VAP (5,47-50).

Monotherapy or combination therapy for NP/VAP should be with at least one agent that
has a high degree of anti-Pseudomonas aeruginosa activity. Patients with bona fide NP/VAP
defervesce quickly within a week. The persistence of fever, i.e., lack of a fever defervescence
pattern in patients with NP/VAP suggests two possibilities, firstly, the patient has a
noninfectious disorder that is mimicking NP/VAP and for this reason is not responding to
antimicrobial therapy. Secondly, the patient could have an infectious disease, a process that is
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unresponsive to antipseudomonal antimicrobial therapy, i.e., Herpes simplex virus 1 (HSV-1)
pneumonia. HSV-1 pneumonia is common in the CCU setting and presents as persistent fever
and infiltrates unresponsive to antibiotics, or as “failure to wean” in ventilated patients. In
patients who present as “failure to wean,” these patients have persistent fevers and did
not have antecedent severe lung disease that would compromise their ability to come off
the respirator. NP/VAP with empiric treatment should see an improvement/resolution of
infiltrates and a defervescence of fever within two weeks. Persistence of fever with or without
infiltrates after two weeks, in the absence of another cause for the fever, should suggest HSV-1
pneumonia until proven otherwise. HSV-1 pneumonia is easily diagnosed by bronchoscopy,
demonstrating cytopathic effects from cytology specimens or direct fluorescent antibody test
(DFA)/monoclonal tests of respiratory secretions will be positive for HSV. Importantly,
no vesicles are present in the bronchi in bronchoscoped patients with HSV-1 pneumonitis
(5,51-53).

The clinical approach to the delayed resolution of fever, persistence of fever, or new
appearance of fever is related to a complication of therapy, i.e., drug fever. After initial
improvements in temperature/fever, a recrudescence of fever manifested by new fever/fever
spikes may be related to the infectious process, or may be related to a noninfectious
complication unrelated to therapy, i.e., myocardial infarction, gastrointestinal hemorrhage,
acute pancreatitis, acute gout, deep vein thrombosis, phlebitis, pulmonary emboli/infarcts.
The time that the fever spike occurs in relation to the initial defervescence, pulse-temperature
relationships, and other associated findings are the key determinants diagnostically in sorting
out possible explanations for the reappearance of fever in CCU patients. The recrudescence of
fever is virtually never due to resistant organisms. Recrudescence of fever may be due to other
infectious processes, i.e., candidemia, invasive aspergillosis, in patients with central lines, or
on prolonged/high-dose steroid or immunosuppressive therapy. Lack of response to anti-
microbial therapy suggests inadequate spectrum or insufficient activity against the pathogen
in the antibiotic regimen that is selected (3,5,53).

CLINICAL APPROACH TO FEVER IN THE CCU

Patients in the CCU with fever are admitted for a primary problem, but they also arrive with a
variety of preexisting disorders that may interact or complicate the primary reason for
admission to the CCU. Problems that occur in the CCU related to new problems, complications
of the original/new problems, plus the effect of multiple medications make the diagnostic
possibilities of explaining fever in the CCU complex. The cause of fever may be suggested by
epidemiologic factors as well as the history, physical, laboratory, and radiology tests. If the
main thrust of the diagnostic approach is to identify reversible/curable causes of fever,
analysis of the fever characteristics is the best way to sort out differential diagnostic
possibilities in the CCU. Careful attention should be given to whether the fever spike is
isolated or sustained, whether the fever is greater/less than 102°F, the duration of the fever,
and the relationship of the temperature to the pulse. Careful review of all the medications is
essential not only to recognize drug side effects/interactions, but also to entertain the
possibility of drug fever if other diagnoses are unlikely. Clinicians should also be familiar with
the fever defervescence patterns of infectious and noninfectious disorders. Most situations are
fairly straightforward, e.g., a steroid-dependent patient with SLE and flare who is in the CCU
for the management of renal insufficiency and develops fevers >102°F without relative
bradycardia, which are sustained. While there are many possibilities to explain these fevers,
i.e.,, superimposed cytomegalovirus (CMV) or bacterial infections, the most important
correctable factor to identify as the cause of the fever is inadequate steroid dosage. Patients
on chronic corticosteroids when admitted to the CCU require stress doses of corticosteroids.
Without increasing the corticosteroid daily dose, patients develop either a fever from a flare of
their SLE/relative bradycardia and adrenal insufficiency, which presents as otherwise
unexplained fever in such patients (Table 11) (1,5,6,8,54).

If an infectious etiology is suspected/diagnosed, empiric coverage should be based on
site/pathogen associations. Specific therapy, if different from empiric therapy, may be used if
empiric therapy is ineffective. Duration of therapy is a function of the type/site of infection
and the status of the host defenses (55-57).
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Table 11 Diagnostic and Therapeutic Approach to Fever in the CCU

Microbiologic data evaluation
e Critical to differentiate colonization from infection particularly with: respiratory secretion isolates in ventilated
patients with fever, pulmonary infiltrates, and leukocytosis
urinary isolates in normal hosts with urinary catheters
analysis of origin of blood culture isolates
e Rule out pseudoinfections

Common causes of fevers
e NP/VAP
Chest X ray
if negative, no nosocomial pneumonia/VAP
if positive, rule out LVF, ARDS, etc.
e CVCs
Duration of insertion
The longer the CVC is in place > 7 days, the more likely the fever is due to CVC related infection
Otherwise unexplained fevers in a patient with CVC should be regarded as CVC related infection until
proven otherwise
Evidence of infection at insertion site
If IV insertion site shows sign of infection, remove CVC immediately, send tip for semiquantitative culture,
and obtain blood cultures from peripheral vein
If IV insertion site nonerythematous, CVC related infection not ruled out, remove/replace CVC
and send removed catheter tip for semiquantitative culture
e If nosocomial pneumonia and CVC related infection eliminated as a cause of fever, consider drug fever

Early empiric therapy
e Coverage based on site/organism correlations: colonization should not be treated
e Infectious disease consultant recommendations should be followed

Abbreviations: CVC, central venous catheter; NP, nosocomial pneumonia; VAP, ventilator-associated pneumonia.

Noninfectious causes of relapsing fevers include Crohn’s disease, Behget's disease,
relapsing panniculitis leukoclastic angiitis, Sweet’s syndrome, familial Mediterranean fever,
Fapa’s syndrome, hyper IgG syndrome, and SLE. The infectious causes of fevers that are prone
to relapse include viral infections, i.e., CMV, Epstein-Barr virus (EBV), lymphocytic
choriomeningitis (LCM), dengue, yellow fever, and Colorado tick fever. Zoonotic bacterial
infections, i.e., leptospirosis, bartonellosis, brucellosis, rat bite fever (Spirillum minus), visceral
leishmaniasis, malaria, babesiosis, ehrlichiosis, Q fever, typhoid fever, trench fever, and
relapsing fever. Fungal infections tend to relapse as do melioidosis and tuberculosis. Chronic
meningococcemia by definition is an infection prone to relapse (1,5).

Suppression/Treatment of Fever

Fever is an important clinical sign indicating a noninfectious or infectious disorder. The
presence of fever should prompt the clinician to analyze its height, frequency, pattern, and
associated history, physical findings, and laboratory tests to determine the cause of fever and
appropriate treatment (1,4,5,27,42-44,53). Fever, per se, should not be treated unless the fever
itself is a threat to the patient, i.e., extreme hyperpyrexia could result with CNS damage.
Temperatures >102°F in patients with severe cardiac/pulmonary diseases could precipitate
acute myocardial infarction or respiratory failure (5,58). Fever is also an important host defense
mechanism that should not be suppressed without a compelling clinical rationale (58-60).
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INTRODUCTION

There are numerous potential etiologic agents that can cause the syndrome of fever and rash.
Skin manifestations may be an early sign of a life-threatening infection. The ability to rapidly
identify the cause of fever and rash in critically ill patients is essential for the proper
management of the patient and protection of the health care worker(s) providing care for that
patient.

A rapid method to narrow the potential life-threatening causes of fever and rash has been
described by Cunha (1). Patients from the community who are ill enough to be admitted to the
critical care unit with the syndrome of fever and rash from outside the hospital will most likely
have meningococcemia, Rocky Mountain spotted fever (RMSF), community-acquired toxic
shock syndrome (TSS), severe drug reactions, severe bacteremia, Vibrio vulnificus septicemia,
gas gangrene, arboviral hemorrhagic fevers, dengue infection, or measles (Table 1). Patients
who develop fever and rash after admission to the hospital will most commonly have drug
reactions, staphylococcal bacteremia from central lines, systemic lupus erythematosus (SLE),
or postoperative TSS.

The traditional approach to the patient with fever and rash is based on the characteristic
appearance of the rash (2,3). The most common types of rash include petechial,
maculopapular, vesicular, erythematous, and nodular. Although there can be overlap in
presentation, most causes of fever and rash can be grouped into one specific form of cutaneous
eruption (3).

A systematic approach requires a thorough history that includes patient age, seasonality,
travel, geography, immunizations, childhood illnesses, sick contacts, medications, and the
immune status of the host. A detailed history, physical exam, and characterization of the rash
will help the clinician reduce the number of possible etiologies. Appropriate laboratory testing
will also assist in delineating the cause of fever and rash in the critically ill patient.

History

A comprehensive history of the events leading up to the development of fever and rash is
essential in the determination of the etiology of the illness. Several initial questions should be
answered before taking a complete history (4,5).

1. Can the patient or someone who is with the patient provide a history?
2. Does the patient require cardiopulmonary resuscitation?
3. Are special isolation precautions needed?

For example, patients with meningitis due to Neisseria meningitidis will need
droplet precautions, while patients with Varicella infections will need airborne and
contact precautions (Table 2). Health care workers should always exercise universal
precautions. Gloves should be worn during the examination of the skin whenever an
infectious etiology is considered.

4. Are the skin lesions suggestive of a disease process that requires immediate antibiotic
therapy?

Patients with infections suggestive of N. meningitidis, RMSF, bacterial septic
shock, TSS, or V. vulnificus will need urgent medical and possibly surgical treatment
to improve their chance of survival.

5. Does the patient have an exotic disease due to travel or bioterrorism?
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Table 1 Etiology of Rash and Fever Based on Admission Status

Rash and fever on admission to the Rash and fever after admission to

critical care unit the critical care unit

Meningococcemia Drug reaction

RMSF Nosocomial acquired TSS

Overwhelming pneumococcal or Nosocomial staphylococcal sepsis
staphylococcal sepsis “surgical” scarlet fever

TSS V. vulnificus

Epidemic typhus Cholesterol emboli syndrome

Typhoid fever

Measles

Arboviral hemorrhagic fever

Gas gangrene (clostridial
MyOnecrosis)

Dengue

SLE

Abbreviations: RMSF, Rocky Mountain spotted fever; TSS, toxic shock
syndrome; SLE, systemic lupus erythematosus.
Source: Data in table from text of a review by Cunha B. (Ref. 1).

Agents such as smallpox and viral hemorrhagic fevers (i.e., Ebola and Marburg) produce
a generalized rash, while plague and anthrax may produce localized lesions. Isolation
precautions will also need to be addressed (Table 2).

After the preliminary evaluation of the patient, the physician can obtain more
information, including history of present illness and previous medical, social, and family
histories.

Specific questions about the history of the rash itself are often helpful in determining its
etiology (Table 3). Such questions should include time of onset, site of onset, change in
appearance of the lesions, symptoms associated with the rash (i.e., itching, burning, numbness,
tingling), provoking factors, previous rashes, and prior treatments.

The physical exam should focus on the patient’s vital signs, general appearance, and the
assessment of lymphadenopathy, nuchal rigidity, neurological dysfunction, hepatomegaly,
splenomegaly, arthritis, and mucous membrane lesions (Table 4) (3,4). Skin examination to
determine type of the rash (Table 5) includes evaluation of distribution pattern, arrangement,
and configuration of lesions.

The remainder of this chapter will provide a diagnostic approach to patients with fever
and rash based on the characteristics of the rash. Several clinically relevant causes of each type
of rash associated with fever are described in brief.

PETECHIAL AND PURPURIC RASHES

Petechiae are produced by extravasation of red blood cells and are less than 3 mm in diameter.
Petechiae appear as small red or brown spots on the skin. Purpura or ecchymoses are lesions
that are larger than 3 mm and often form when petechiae coalesce. Neither petechial nor
purpuric lesions blanch when pressure is applied.

Infections associated with diffuse petechiae are generally amongst the most life
threatening and require urgent evaluation and management. There are many infectious
causes of these lesions (Table 6); several of the most dangerous include meningococcemia,
rickettsial infection, and bacteremia (1,3,8).

Acute Meningococcemia
N. meningitidis is the leading cause of bacterial meningitis in children and young adults (10).
Bacterial meningitis associated with a petechial or purpuric rash should always suggest
meningococcemia (1). The diagnosis of meningococcemia is more difficult to make when
meningitis is not present.

Meningococcemia can occur sporadically or in epidemics and is more commonly
diagnosed during the winter months. The risk of infection is highest in infants, asplenic
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Table 2 Transmission-Based Precautions for Hospitalized Patients

Standard precautions
Use standard precautions for the care of all patients

Airborne precautions
In addition to standard precautions, use airborne precautions for patients known or suspected to have serious
illnesses transmitted by airborne droplet nuclei. Examples of such ilinesses include:
Measles
Varicella (including disseminated zoster)?
Tuberculosis®

Droplet precautions
In addition to standard precautions, use droplet precautions for patients known or suspected to have serious
illnesses transmitted by large particle droplets. Examples of such illnesses include:
Invasive Haemophilus influenzae type b disease, including meningitis, pneumonia, epiglottitis, and sepsis
Invasive N. meningitidis disease, including meningitis, pneumonia, and sepsis
Other serious bacterial respiratory infections spread by droplet transmission, including:
Diphtheria (pharyngeal)
Mycoplasma pneumonia
Pertussis
Pneumonic plague
Streptococcal pharyngitis, pneumonia, or scarlet fever in infants and young children
Serious viral infections spread by droplet transmission, including those caused by:
Adenovirus
Influenza
Mumps
Parvovirus B19
Rubella

Contact precautions

In addition to standard precautions, use contact precautions for patients known or suspected to have serious
illnesses easily transmitted by direct patient contact or by contact with items in the patient’s environment.
Examples of such illnesses include:

Gastrointestinal, respiratory, skin, or wound infections or colonization with multidrug-resistant bacteria judged
by the infection control program, based on current state, regional, or national recommendations, to be of
special clinical and epidemiologic significance

Enteric infections with a low infectious dose or prolonged environmental survival, including those caused by:
Clostridium difficile
For diapered or incontinent patients: enterohemorrhagic Escherichia coli 0157:H7, Shigella, hepatitis A, or

rotavirus

Respiratory syncytial virus, parainfluenza virus, or enteroviral infections in infants and young children

Skin infections that are highly contagious or that may occur on dry skin, including:

Diphtheria (cutaneous)
Herpes simplex virus (neonatal or mucocutaneous)
Impetigo
Major (non-contained) abscesses, cellulitis, or decubiti
Pediculosis
Scabies
Staphylococcal furunculosis in infants and young children
Zoster (disseminated or in the immunocompromised host)
Viral/hemorrhagic conjunctivitis
Viral hemorrhagic infections (Ebola, Lassa, or Marburg)

CDC infection control guidelines reprinted from Garner JS and the Hospital Infection Control Practices Advisory
Committee.

3Certain infections require more than one type of precaution.

bSee Centers for Disease Control and Prevention.

Source: From Refs. 6 and 7.

patients, alcoholics, patients with complement deficiency, and persons who live in dormitories
(coeds, military personnel, or prisoners). Initial symptoms include cough, headache, sore
throat, nausea, and vomiting. Acute meningococcemia progresses rapidly and patients
typically appear ill with high spiking fevers, tachypnea, tachycardia, mild hypotension, and a
characteristic petechial rash (11,12). Signs and symptoms of meningeal irritation such as
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Table 3 Fever and Rash: History

Age of patient

Season of the year

Type of prodrome associated with current iliness

History of drug or antibiotic allergies

Medications taken within the past 30 days (prescription or nonprescription)

Drug ingestion

Exposure to febrile or ill persons within the recent past

Prior illness

Occupational exposures

Sun exposures

Recent travel

Exposure to wild or rural habitats

Exposure to insects, arthropods, or wild animals

Exposure to pets

Immunizations

Exposure to sexually transmitted diseases

HIV risk factors (intravenous drug use, unprotected sex, sexual orientation)

Site of rash onset

Factors effecting immunological status (chemotherapy, steroid use,
hematological malignancy, solid organ or bone marrow transplant,
asplenia)

Valvular heart disease

Rate of rash development (slow versus fast)

Direction of rash spread (centrifugal versus centripetal)

Evolution of rash (has the appearance of the rash changed)

Relationship between rash and fever

Presence or absence of pruritus

Previous treatment of the rash (topical or oral therapies)

Source: Adapted from Refs. 5 and 8.

Table 4 Fever and Rash: Physical Examination

1. Vital signs
a. Temperature
b. Pulse
c. Respiration
d. Blood pressure

2. General appearance
a. Alert
b. Acutely ill
c. Chronically ill

Signs of toxicity

Adenopathy/location of adenopathy

Presence of mucosal, conjunctival, or genital lesions
Hepatosplenomegaly

Arthritis

Nuchal rigidity/neurological dysfunction

Features of rash

. Type of primary rash lesion (Table 5)

. Presence of secondary lesions

. Presence of desquamation

. Presence of excoriations

. Configuration of individual lesions

. Arrangement of lesions

g. Distribution pattern: exposed areas; centripetal versus centrifugal

©P N O AW
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Source: Adapted from Refs. 5 and 8.
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Table 5 Type of Rash Lesions

Macule A circumscribed, flat lesion that differs from surrounding skin by color. Patches are very large
macular lesions.

Papule A circumscribed, solid, elevated skin lesion that is palpable and smaller then 0.5 cm in diameter.

Plaque A large, solid, elevated skin lesion that is palpable and greater the 0.5 cm in diameter, often formed
by confluence of papules.

Nodule A circumscribed, solid, palpable skin lesion with depth as well as elevation.

Pustule A circumscribed, raised lesion filled with pus

Vesicle A circumscribed, elevated, fluid-filled lesion less then 0.5 cm in diameter

Bulla A circumscribed, elevated, fluid-filled lesion greater then 0.5 cm in diameter

Source: Adapted from Refs. 5 and 9.

Table 6 Etiology of Rash and Fever Based on Type of Rash

Purpura or petechiae
Meningococcemia
RMSF
Gonococcemia
Staphylococcal/pneumococcal sepsis
Pseudomonal sepsis
Bacterial endocarditis
Typhus
Allergic vasculitis
Echovirus 9
Measles
Centrally distributed maculopapular rash
Viral exanthems (rubeola, rubella, erythema infectiosum, roseola)
Lyme disease
Drug reactions
Peripherally distributed maculopapular rash
Erythema multiforme (Table 7)
Secondary syphilis
Diffuse erythema with desquamation
Scarlet fever
TSS
Scalded skin syndrome
KD
Ehrlichiosis
TEN
Streptococcus viridans bacteremia
Vesicular, bullous, or pustular rash
Varicella
Herpes zoster
Herpes simplex
Staphylococcus aureus bacteremia
Vibrio vulnificus
Rickettsia akari
Nodular rash
Erythema nodosum (Table 8)
Disseminated fungal infections (Candida, Cryptococcus, Blastomycosis, Histoplasma, Coccidioides, and Sporothrix)
Nocardia
Mycobacteria

Abbreviations: KD, Kawasaki disease, TEN, toxic epidermal necrolysis; RMSF, Rocky Mountain spotted fever;
TSS, toxic shock syndrome.
Source: Adapted from Refs. 1, 3, 5, and 8.

headache, vomiting, and change in consciousness occur in up to 88% of patients with
meningococcemia (11,13).

The rash associated with meningococcemia begins within 24 hours of clinical illness. The
petechia enlarge rapidly, becoming papular and then purpuric. Lesions most commonly occur
on the extremities and trunk, but may also be found on the head and mucous membranes (5).
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Figure 1 Purpuric skin lesions on an infant with meningococcal septicemia. Source: Courtesy of the CDC Public
Health Image Library.

The development of lesions on the palms and soles is usually a late finding (1). Purpuric skin
lesions have been described in 60% to 100% of meningococcemia cases and are most commonly
seen at presentation (Fig. 1) (14,15). Histological studies demonstrate diffuse vascular damage,
fibrin thrombi, vascular necrosis, and perivascular hemorrhage in the involved skin and
organs. The skin lesions associated with meningococcal septic shock are thought to result from
an acquired or transient deficiency of protein C and/or protein S (16). Meningococci are
present in endothelial cells and neutrophils, and smears of skin lesions are positive for gram-
negative diplococci in many cases (17,18).

The diagnosis of meningococcemia is also aided by culturing the petechial lesions. Blood
cultures should be drawn. Admission laboratory data usually demonstrate a leukocytosis and
thrombocytopenia. Patients with meningococcemia but without meningitis will have a normal
cerebrospinal fluid (CSF) profile. If meningococcal meningitis is present, the CSF culture is
usually positive although the Gram stain may be negative. Typically, the CSF-associated
glucose is low and the protein elevated.

Chronic Meningococcemia

Chronic meningococcemia is rare, and its lesions differ from those seen in acute
meningococcemia. Diagnosis of chronic meningococcemia is challenging. Patients present
with intermittent fever, rash, arthritis, and arthralgias occurring over a period of several weeks
to months (19,20). The lesions of chronic meningococcemia are usually pale to pink macules
and/or papules typically located around a painful joint or pressure point. Nodules may
develop in the lower extremities. The lesions of chronic meningococcemia develop during
periods of fever and fade when the fevers dissipate. These lesions (in contrast to those of acute
meningococcemia) rarely demonstrate the bacteria on Gram stain or histology (5,8).
Polymerase chain reaction (PCR) testing of skin biopsy specimens may prove to be a valuable
method of diagnosis for this rare entity (21).

RSMF

RMSF, the most lethal rickettsial disease in the United States, is caused by Rickettsia rickettsii
(22-25). Infection occurs approximately seven days after a bite by a tick vector (Dermacentor or
Rhicephalus). Two hundred fifty to twelve hundred cases of RMSF are reported annually (26).
Patients who have frequent exposure to dogs and live near wooded areas or areas with high
grass may be at increased risk of infection. RMSF is more common in men and is most
prevalent in the southern Atlantic and southern central states. North Carolina and Oklahoma
are the states with the highest incidence, accounting for over 35% of the cases. Over 90% of
patients are infected between April and September. During this season, there are increased
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Figure 2 Childs right hand and wrist demonstrating the characteristic spotted rash of RMSF. Abbreviation:
RMSF, Rocky Mountain spotted fever. Source: Courtesy of the CDC Public Health Image Library.

numbers of ticks. Furthermore, research has demonstrated a link between warm temperatures
and increased tick aggressiveness (27).

The onset of RMSF can be abrupt with fever, headache, myalgias, shaking chills,
photophobia, and nausea. Patients may have periorbital edema, conjunctival suffusion, and
localized edema involving the dorsum of the hands and feet (1,28). A notable clinical finding is
a pulse—temperature disparity (i.e., relative bradycardia during fever). Localized abdominal
pain secondary to liver involvement, renal failure manifested by acute tubular necrosis,
pancreatitis, left ventricular failure, adult respiratory distress syndrome (ARDS), and mental
confusion or deafness may also be noted (1).

The rash usually begins about four to five days after the start of the illness. The lesions
are initially maculopapular and evolve into petechiae within two to four days. Characteris-
tically, the rash starts on the wrists, forearms, ankles, palms, and soles and then spreads
centripetally to involve the arms, thighs, trunk, and face (Fig. 2). Centripetal evolution of the
rash occurs 6 to 18 hours after the rash develops.

Prompt treatment with tetracycline decreases mortality (29,30). Most patients defervesce
within two to three days and these patients should receive treatment for at least three days
after showing improvement (31). Chloramphenicol, the only other antimicrobial agent
recommended for the treatment of RMSF, causes gray baby syndrome and should not be
used for pregnant women who are near term (31). Gray baby syndrome occurs because of a
lack of the necessary liver enzymes to metabolize chloramphenicol resulting in drug
accumulation, which leads to vomiting, ashen gray skin color, limp body tone, hypotension,
cyanosis, hypothermia, cardiovascular collapse, and often death. Pregnant women who are
near term may receive tetracycline because the risk of fetal damage or death is minimal.
Pregnant women, in the first or second trimester, should not receive tetracycline because of
effects on fetal bone and dental development. Chloramphenicol can be administered in early
pregnancy because gray baby syndrome is not a risk during the early period of fetal
development (31).

Mortality form RMSF may be decreasing over the last decade. Initial mortality in the
United States was reported to be about 20%; however, Raoult and Parola (32) suggest that the
actual case mortality rate has decreased to 0.7% to 1.4%. This decrease in mortality may be related
to infection with less severe rickettsioses or variations in virulence of some R. rickettsii strains.

Clinical diagnosis is the basis for treatment. Serological testing is sensitive but does
not distinguish between infection with R. rickettsii and other rickettsiae of the spotted fever
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group (33). Indirect fluorescent antibody testing is the best serological method available;
however, the test has poor sensitivity during the first 7 to 10 days of disease onset. Sensitivity
increases to greater than 90% when a convalescent serum is available 14 to 21 days later (31).
Direct immunofluorescence on tissue specimens has a sensitivity of about 70%. PCR is limited
because of poor sensitivity for detecting R. rickettsii DNA in blood (33). The Weil-Felix test is
no longer recommended because of poor sensitivity and specificity.

Routine admission tests may demonstrate a normal or decreased peripheral white blood
cell count and thrombocytopenia. The total bilirubin and serum transaminases may be
elevated. If pancreatitis is present, the serum amylase will be elevated. Patients who develop
renal failure may demonstrate a rise in blood urea nitrogen (BUN) and creatinine suggestive of
pre-renal azotemia secondary to intravascular volume deficit. When the central nervous
system is involved, the CSF profile will demonstrate a mild pleocytosis, normal glucose and
protein concentrations, and negative Gram stain and culture. Routine blood cultures will also
be negative in RMSF.

Septic Shock

The yearly incidence of sepsis has been increasing about 9% a year and accounts for 2% of all
hospital admissions (34). The peak incidence of septic shock occurs in patients who are in their
seventh decade of life (35). Risk factors for sepsis include cancer, immunodeficiency, chronic
organ failure, and iatrogenic factors. Sepsis develops from infections of the chest, abdomen,
genitourinary system, and primary bloodstream in more than 80% of cases (35,36).

Symmetric peripheral gangrene or purpura fulminans is a cutaneous syndrome most
commonly associated with septic shock secondary to N. meningitidis or Streptococcus
pneumoniae. This syndrome is usually preceded by petechiae, ecchymosis, purpura, and
acrocyanosis. Acrocyanosis, another cutaneous manifestation of septic shock, is a grayish color
to the skin that occurs on the lips, legs, nose, ear lobes, and genitalia and does not blanch on
pressure. Bacteria are usually absent in smears obtained from these skin lesions.

Sepsis is defined as systemic inflammatory response syndrome with documented
infection. Patients with sepsis will therefore have a documented site of infection and display
two or more of the following: body temperature greater than 101.3 °F or less than 95 °F; heart
rate greater than 90 beats per minute; respiratory rate greater than 20 breaths per minute;
arterial CO, tension less than 32 mm Hg; WBC greater than 12,000/mm? or WBC less than
4,000/mm?> or immature forms greater than 10%. With severe sepsis, patients begin to
demonstrate areas of mottled skin, capillary refill time greater than three seconds, decreased
urine output, changes in mental status, thrombocytopenia, disseminated intravascular
coagulopathy (DIC), cardiac dysfunction, and ARDS. When patients can no longer maintain a
systemic mean arterial blood pressure of 60 mm Hg, despite volume resuscitation, or they
require a vasopressor agent, then they are said to be in septic shock. Mortality varies from 35% to
70% depending on patients’ age, sex, ethnic origin, comorbidities, presence of acute lung injury
or ARDS, whether the infection is nosocomial or polymicrobial, or whether the causative agent is
a fungus (35,36). Gram-negative infections are responsible for 25% to 30% of cases of septic shock,
while gram-positive infections now account for 30% to 50% of the cases of septic shock.
Multidrug-resistant bacteria and fungi are increasingly reported as causes of sepsis (35,36).

The diagnosis of septic shock requires a causal link between infection and organ failure (35).
Some patients may have clinically obvious infection such as purpura fulminans, cellulitis, TSS,
pneumonia, or a purulent wound. Without an obvious source of infection, diagnosis will require
the recovery of pathogens from blood or tissue cultures. Unfortunately, cultures are negative in
30% of these cases.

Mortality associated with sepsis is high and increasing (37). The rate of hospitalization
for severe sepsis has doubled in the 10-year span from 1993 to 2003 (38). During this period of
time, the case fatality rate has decreased but because there are so many more cases of sepsis,
the overall mortality rate increased (38). Surviving sepsis campaign guidelines were published
in 2008 and provide a thorough review of treatment options for severe sepsis and septic
shock (38). Important steps to the treatment of sepsis include (i) ruling out mimics of sepsis
(disorders that present with fever, leukocytosis, and hypotension, such as pulmonary emboli,
myocardial infarction, necrotic pancreatitis, acute gastrointestinal hemorrhage, etc.);
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(i) determining the source of sepsis; and (iii) starting empiric antibiotics that cover the
predictable pathogens and have a low resistance potential and good safety profile (38,39).

Bacterial Endocarditis

Infective endocarditis is described as acute or subacute based on the tempo and severity of the
clinical presentation (40). Categories of infective endocarditis include native valve infective
endocarditis, prosthetic valve endocarditis, infective endocarditis associated with intravenous
drug abuse, and nosocomial infective endocarditis (41). The characteristic lesion is vegetation
composed of platelets, fibrin, microorganisms, and inflammatory cells on the heart valve.
Conditions associated with endocarditis include injection drug use, poor dental hygiene, long-
term hemodialysis, diabetes mellitus, HIV infection, long-term indwelling venous catheters, mitral
valve prolapse with regurgitation, rheumatic heart disease, other underlying valvular diseases,
and prosthetic valves (42-44). Organisms associated with endocarditis include Staphylococcus
aureus, viridans streptococci, enterococci, gram-negative bacilli (including the HACEK organisms;
Haemophilus, Actinobacillus, Cardiobacterium, Eikenella, Kingella), and fungi.

Nonspecific symptoms and signs of endocarditis include fever, arthralgias, wasting,
unexplained heart failure, new heart murmurs, pericarditis, septic pulmonary emboli, strokes,
and renal failure (45). Skin lesions occur less frequently today than they once did but aid in the
diagnosis if present (45). Cutaneous manifestations of endocarditis include splinter
hemorrhages (Fig. 3), petechiae, Osler’s nodes, and Janeway lesions.

Petechiae are the most common skin lesions seen during endocarditis. The petechiae are
small, flat, and reddish brown and do not blanch with pressure. They frequently occur in small
crops and are usually transient. They are often found on the heels, shoulders, legs, oral mucous
membranes, and conjunctiva.

Osler's nodes may be seen in patients with subacute bacterial endocarditis. These
nodules are tender, indurated, and erythematous. They occur most commonly on the pads of
the fingers and toes, are transient, and resolve without the development of necrosis. The
histology of these lesions demonstrates microabscesses and microemboli.

Janeway lesions are small, painless, erythematous macules that are found on the palms
and soles. These lesions can be seen with both acute and subacute endocarditis. Histological
analysis reveals microabscesses with neutrophil infiltration.

Disseminated Gonococcal Infection
Disseminated gonococcal infections (DGI) result from gonococcal bacteremia and occur in 1%
to 3% of patients with untreated N. gonorrhea—associated mucosal infection (4648). DGI is most

Figure 3 Subungual hemorrhages in an
adult patient with group B streptococcal
endocarditis. Source: Courtesy of Dr Lee
S. Engel.
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Figure 4 Cutaneous lesions on the left ankle and calf
of a patient with disseminated Neisseria gonorrheae
infection. Source: Courtesy of the CDC/Dr S.E.
Thompson, Public Health Image Library.

often seen in young women during menses or pregnancy (49). Most patients will present with
fever, rash, polyarthritis, and tenosynovitis (47).

Skin lesions, which occur in 50% to 70% of patients with DGI, are the most common
manifestation (49). The rash usually begins on the first day of symptoms and becomes more
prominent with the onset of each new febrile episode (50). The lesions begin as tiny red
papules or petechiae (1-5 mm in diameter) that evolve to a vesicular and then pustular form
(Fig. 4). The pustular lesions develop a gray, necrotic center with a hemorrhagic base (47,50).
The rash of DGI tends to be sparse and widely distributed, and the distal extremities are most
commonly involved. Gram stain of the skin lesions rarely demonstrates organisms.

Clinical clues of DGI include the symptoms of fever, rash, and arthritis/tenosynovitis.
Early in the infection, blood cultures may be positive; later, synovial joint fluid from associated
effusions may yield positive cultures. Smears of the cervix and urethral exudates may also
yield positive results.

Capnocytophaga Infection

Capnocytophaga canimorsus is a fastidious gram-negative bacillus that is part of the normal gingival
flora of dogs and cats (51,52). Human infections are associated with dog or cat bites, cat scratches,
and contact with wild animals (51,52). Predisposing factors include trauma, alcohol abuse, steroid
therapy, chronic lung disease, and asplenia (51,52). The clinical syndrome consists of fever,
disseminated intravascular coagulation (DIC), necrosis of the kidneys and adrenal glands,
thrombocytopenia, hypotension, and renal failure. The mortality rate approaches 25%.

Skin lesions occur in 50% of infected patients, often progressing from petechiae to
purpura to cutaneous gangrene (53). Other dermatologic lesions include macules, papules,
painful erythema, or eschars.

Clinical clues include a compatible clinical syndrome and a history of a dog- or cat-
inflicted wound. Diagnosis depends on the culture of the bacteria from blood, tissues, or other
body fluids. Unfortunately, the diagnosis is missed in greater than 70% of cases because of lack
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of familiarity with the bacteria and its microbiological growth characteristics (54). More
prompt diagnosis may be made by Gram staining the buffy coat. C. canimorsus is found in the
neutrophil and has a characteristic, filamentous, rod-shaped morphology (54).

Dengue
Dengue is a flavivirus comprising four serotypes, i.e., DEN-1, DEN-2, DEN-3, and DEN-4.
Dengue viruses are transmitted from person to person through infected female Aedes
mosquitoes. The mosquito acquires the virus by taking a blood meal from an infected human
or monkey. The virus incubates in the mosquito for 7 to 10 days before it can transmit the
infection.

Dengue has made an enormous resurgence over the last decade (55,56). More than
2.5 billion people are at risk for dengue infections worldwide (57). The year 2007 was the worst on
record since 1985 with almost 1 million cases of dengue fever and dengue hemorrhagic fever
reported in the United States (58). The resurgence of dengue has been attributed to multiple
factors including global population growth, urbanization, deforestation, poor housing and waste
management systems, deteriorating mosquito control, virus evolution, and climate change (56).

Dengue fever (also known as “breakbone fever” or “dandy fever”) is a short-duration,
nonfatal disease characterized by the sudden onset of headache, retro-orbital pain, high fever,
joint pain, and rash (57,59). The initial rash of dengue occurs within the first 24 to 48 hours of
symptom onset and involves flushing of the face, neck, and chest (60). A subsequent rash, three
to five days later, manifests as a generalized morbilliform eruption, palpable pinpoint
petechiae, and islands of sparing that begin centrally and spread peripherally (1,60). Dengue
fever lasts about seven days. Recovery from infection provides lifelong immunity to that
serotype, but does not preclude patients from being infected with the other serotypes of
dengue virus, i.e., secondary infections.

Dengue hemorrhagic fever and dengue TSS are two deadly complications of dengue viral
infection that occur during secondary infection. Dengue hemorrhagic fever is characterized by
hemorrhage, thrombocytopenia, and plasma leakage. Dengue shock syndrome includes the
additional complications of circulatory failure and hypotension (57,59).

The incubation period for dengue virus infections is 3 to 14 days. If a patient presents
greater than two weeks after visiting an endemic area, dengue is much less likely (61).
Laboratory abnormalities include neutropenia followed by lymphocytosis, hemoconcentration,
thrombocytopenia, and an elevated aspartate aminotransferase in the serum (62). The
diagnosis of dengue virus-associated infection can be accomplished by PCR, detection of anti-
dengue virus immunoglobulin M (IgM), centrifugation amplification to enhance virus
isolation, or flow cytometry for early detection of cultured virus (63).

MACULOPAPULAR RASH

Lyme Disease

Lyme disease is the most common tick vector-associated disease in the United States (64—66).
Lyme disease is caused by the spirochete Borrelia burgdorferi, a microbe that is transmitted by
the tick Ixodes. Lyme disease is endemic in the northeastern, mid-Atlantic, north, central, and
far western regions of the United States. The disease has a bimodal age distribution, with peaks
in patients younger than 15 and older than 29 years of age (67). Most infections occur between
May and September.

Lyme disease has three stages: early localized, early disseminated, and late disease. Early
localized disease is characterized by erythema migrans (EM), which forms 7 to 10 days
following the tick bite (68). Erythema migrans occurs in 60% to 80% of the cases and begins as a
small red papule at the site of the bite. The lesion expands centrifugally and can get as large as
70 cm in diameter. The lesion develops central clearing in 30% of cases (Fig. 5). If untreated, the
lesions resolve over several weeks. Other symptoms associated with early localized disease
include fatigue, myalgias, arthralgias, headache, fever, and chills.

Early disseminated disease occurs days to weeks after the tick bite. Patients may not
recall having had the typical EM rash. Patients at this stage can present with lymphocytic
meningitis, cranial nerve palsies, mild pericarditis, atrial-ventricular block, arthritis,
generalized or regional adenopathy, conjunctivitis, iritis, hepatitis, and painful radiculoneuritis
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Figure 5 Characteristic rash, erythema migrans, on the arm of a patient with Lyme disease. Source: Courtesy of
the CDC.

followed by decreased sensation, weakness, and absent reflexes (64,65,69). Disseminated skin
lesions, when present, are similar to EM but smaller and usually multiple in number.

Late disease is characterized by chronic asymmetric oligoarticular arthritis that involves
the large joints (most often the knee). The central nervous system may also be affected,
manifesting as subacute encephalopathy, axonal polyneuropathy, or leukoencephalopathy.

Diagnosis is based on the history and physical exam. Serology is confirmatory but takes
four to six weeks after the onset of symptoms to become positive. CSF should be obtained if
neurological signs are present. Synovial fluid can be evaluated if arthritis is present.

Drug Reactions

Drugs cause adverse skin reactions in 2% to 3% of hospitalized patients (70). Classic drug
reactions include urticaria, angioedema, exanthems, vasculitis, exfoliative dermatitis/eryth-
roderma, erythema multiforme, Stevens-Johnson syndrome, and toxic epidermal necrolysis
(TEN) (70-72). There is no predilection for age, gender, or race (8). Diagnosis of a drug reaction
is based on a patient’s previous reaction to the drug, ruling out alternate etiological causes of the
rash, timing of events, drug levels, evidence of overdose, patient reaction to drug
discontinuation, and patient reaction to rechallenge.

Drug Exanthems

Exanthems are the most common skin reaction to drugs. The rash usually appears within the
first two weeks after the offending drug is started and resolves within days after the drug is
stopped. The rash is often described as morbilliform, macular, and/or a papular eruption.
Pruritus is the most common associated symptom of drug-induced rash. Low-grade fever and
peripheral blood eosinophilia may also occur in association with drug exanthems.

Erythema Multiforme

Erythema multiforme is an acute, self-limited, peripheral eruptive maculopapular rash that is
characterized by a target lesion. Erythema multiforme most often affects persons between 20
and 30 years of age and has a predilection for men. The rash begins as a dull-red macular
eruption that evolves into papules and the characteristic target lesion. Target lesions are often
found on the palms, soles, knees, and elbows. Vesicles and bullae occasionally develop in the
center of the papules (8,72). There are many causes of this disorder (Table 7).
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Table 7 Causes of Erythema Multiforme
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Viral infections
Herpes simplex 1 and 2
Epstein—Barr virus
Hepatitis A, B, C
Varicella zoster
Parvovirus B19
Bacterial infections
Hemolytic streptococci
Pneumococcus
Staphylococcus species
Proteus species
Salmonella species
Mycobacterium tuberculosis
Mycobacterium avium complex
Francisella tularensis
Vibrio parahaemolyticus
Yersinia species
Mycoplasma pneumonia
Fungal infections
Histoplasma capsulatum
Coccidiomycosis
Parasitic infections
Trichomonas species
Toxoplasma gondii
Antibiotics
Penicillin
Tetracyclines
Erythromycin
Sulfa drugs
Vancomycin

Anticonvulsants
Barbiturates
Carbamazepine
Phenytoin

Antituberculoids
Rifampin
Isoniazid
Pyrazinamide

Other drugs
Allopurinol
Fluconazole
Hydralazine
NSAIDs
Estrogen

Physical factors/contact
Sunlight
Cold
X-ray therapy
Tattooing
Poison ivy

Other factors
Pregnancy
Multiple myeloma
Leukemia
Collagen diseases

Idiopathic (50%)

Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs.

Source: Adapted from Ref. 72.

Erythema multiforme may present with varying degrees of severity (previously

classified as erythema multiforme minor and major) (8). Bullae and systemic symptoms are
absent in less severe erythema multiforme. The rash rarely affects the mucous membranes and
is usually limited to the extensor surfaces of the extremities. This mild form of erythema
multiforme is often associated with herpes simplex virus infection. Conversely, drug reactions
are usually associated with more severe manifestations of erythema multiforme. Mucous
membranes are involved, and the eruptions often become bullous. Fever, cheilosis, stomatitis,
balanitis, vulvitis, and conjunctivitis can also occur (70).

Stevens—-Johnson Syndrome

Stevens-Johnson syndrome is a blistering disorder that is usually more severe than erythema
multiforme (73,74). The causes of Stevens-Johnson syndrome are similar to the etiologies of
erythema multiforme (Table 7). Patients with Stevens-Johnson syndrome often present with
pharyngitis, malaise, and fever. The syndrome evolves over a few days with the evolution of
mucous membrane erosions. Small blisters develop on purpuric or atypical target lesions. The
blisters eventually result in skin detachment. Stevens-Johnson syndrome affects less than 10%
of the total body surface (70,74).

TEN

TEN is the most serious cutaneous drug reaction and is defined by blistering of over 30% of the
total body surface area. More than one mucous membrane is involved. It is usually caused by
the same drugs that cause erythema multiforme (Table 7), and its onset is acute. A fever greater
than 39°C is often present. Intestinal and pulmonary involvement predict a poor outcome

(70,71).
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The diagnosis of Stevens—-Johnson syndrome and TEN is made by skin biopsy. Sections of
frozen skin will demonstrate full-thickness epidermal necrosis. Because extensive skin
detachment results in massive transepidermal fluid losses, patients with these maladies are
managed similarly to patients who have had extensive burn injuries. Sepsis can result
secondary to microbial colonization of denuded skin. Mortality rates are 5% for Stevens—
Johnson syndrome and 50% for TEN (70).

Secondary Syphilis

Syphilis is a systemic disease caused by Treponema pallidum. It is classified into primary,
secondary, early latent, late latent, and tertiary stages. The lesion of primary syphilis, the
chancre, usually develops about 21 days after infection and resolves in one to two months.
Patients with secondary syphilis can present with rash, mucosal lesions, lymphadenopathy,
and fever. The rash of secondary syphilis may be maculo-papular, papulosquamous, or
pustular and is characteristically found on the palms and the soles (Fig. 6).

The diagnosis of syphilis is based on nontreponemal tests [e.g., Venereal Disease
Research Laboratory (VDRL), Rapid Plasma Reagin (RPR)] and specific treponemal tests [e.g.,
Fluorescent Treponemal Antibody Absorbed (FTA-ABS) and T. pallidum particle agglutination
(TP-PA)]. The nontreponemal tests are used to screen for disease and follow up treatment. The
specific treponemal tests are used to rule in the diagnosis of syphilis because false-positive
nontreponemal tests can occur. Darkfield examination of skin or mucous membrane lesions
can be done to diagnose syphilis definitively during the early stages as well.

West Nile Virus

West Nile virus (WNV) is transmitted to humans from the bite of an infected mosquito (75). The
virus normally circulates between mosquitoes and birds. The first reported outbreak in the
United States was in New York in 1999, and since then WNV has spread southward and
westward (76-79). WNV has become seasonally endemic, with peak activity for transmission
from July to October in temperate zones and from April to December in warmer climates (77,79).

Figure 6 Papulosquamous rash
on wrist and hands of patient with
secondary syphilis. Source: Cour-
tesy of the CDC/Susan Lindsley,
Public Health Image Library.
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Though most commonly spread by infected mosquitoes, WNV may also be transmitted
by organ transplantation, blood transfusion, and breast milk (80-82). Transplacental infection
from mother to fetus has also been reported (80).

WNV replicates at the site of inoculation and then spreads to the lymph nodes and
bloodstream (83). The majority of human infections, i.e., 80%, are asymptomatic (84). Most
patients with symptoms have self-limited West Nile fever. West Nile fever is characterized by
acute onset of fever, headache, fatigue, malaise, muscle pain, difficulty concentrating, and neck
pain (85,86). Approximately 57% of patients with West Nile fever will have a transient macular
rash on the trunk of the body (85).

Neuroinvasive disease develops in less than 1% of infected patients (84). The clinical
severity of WNV encephalitis ranges from disorientation to coma to death (87,88). Advanced
age is the most significant risk factor for severe neurologic disease. Risk increases tenfold for
persons 50 to 59 years of age and 43 times for persons greater than 80 years of age (77,81).
Neuroinvasive disease can present as meningitis, encephalitis, or paralysis (84,86,88,89).
Patients with WNV encephalitis or focal neurologic findings will often have persistent deficits
for months to years (77,88). Advanced age is also the most important risk factor for death. The
overall case fatality rate for neuroinvasive WNV disease is 9% (77).

Diagnosis of WNV disease can be made by a high index of clinical suspicion and
detection of WNV-specific immunoglobulin M (IgM) in serum or CSF. The serum IgM can
persist for up to eight months; therefore, nucleic amplification tests for WNV such as reverse
transcriptase PCR and real-time PCR may be required to prove that the infection is acute
(86,90). Neuroinvasive WNV can be diagnosed by the presence of IgM-specific antibody in the
CSF. Patients who have been recently vaccinated for yellow fever or Japanese encephalitis or
persons recently infected with the St. Louis encephalitis virus or dengue virus may have false-
positive results on IgM antibody tests for WNV (91).

DIFFUSE ERYTMEMATOUS RASHES WITH DESQUAMATION

TSS

TSS is characterized by sudden onset of fever, chills, vomiting, diarrhea, muscle aches, and
rash. TSS can rapidly progress to severe hypotension and multi-organ dysfunction. The overall
case fatality rate is 5%.

The microbial etiology of TSS is usually S. aureus; however, coagulase-negative
staphylococci, group A streptococci, and group B streptococci can also produce this syndrome
(92-94).

TSS is most commonly seen in menstruating women, women using barrier contraceptive
devices, persons who have undergone nasal surgery, and patients with postoperative
staphylococcal wound infections (95). Initially, cases associated with menstruation accounted
for as many as 91% of the total cases (95). Currently, only half of the reported TSS cases are
menses associated (96).

Staphylococcal TSS

Staphylococcal TSS is caused by infection or colonization with toxin-producing bacteria. The
most common toxins associated with 