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Viral Diseases
n Sherif R. Zaki n M. Kelly Keating 

 n INTRODUCTION

Influenza viruses remain the most frequently identified causes 
of viral infection in the lung, and respiratory syncytial virus 
(RSV) remains a major cause of severe pneumonia in children 
worldwide and is an increasingly recognized cause of illness 
in adults and elderly patients. Other agents, such as rhinovirus 
(RV), have been increasingly detected mirroring advances in 
molecular and serologic diagnostic techniques and increased 
surveillance programs. Nonetheless, the diversity of viral 
agents that cause pulmonary disease is extremely broad and 
continues to expand (Table 13.1). Several newly recognized 
viral pathogens have been identified in the past few decades 
that are among the most feared and lethal of all emerging 
infections, including those caused by hantaviruses, Nipah 
virus, pandemic influenza A (H1N1), and severe acute respira-
tory syndrome (SARS) and Middle East respiratory syndrome 
(MERS) coronaviruses. Conversely, certain viral infections, 
particularly those that occur in vulnerable patient cohorts, 
have diminished during this same interval. For example, the 
U.S. incidence of varicella pneumonia has declined more than 
65% since universal childhood vaccination for varicella was 
implemented in 1995, and advances in the clinical manage-
ment of transplant recipients have reduced the incidence of 

cytomegalovirus (CMV) pneumonia. This chapter captures 
and describes select viral diseases in which the pulmonary sys-
tem is a main target of infection, although it is important to note 
that other viral agents have been detected in pulmonary tissue, 
such as chikungunya virus, West Nile virus, rabies virus, and 
Heartland virus, typically in the context of systemic disease. 

 n ADENOVIRUSES

Adenoviruses are nonenveloped double-stranded DNA 
viruses represented by a ubiquitous and diverse group of at 
least 51 serotypes that are found naturally in the upper respi-
ratory tracts and gastrointestinal systems of humans, other 
mammals, and birds. More than 50% of the known adenovirus 
serotypes are associated with human diseases and encompass 
a wide range of presentations, with infections targeting a wide 
variety of organ systems. The others are rarely encountered 
and may or may not cause recognizable disease.

CliniCal Features

It is estimated that approximately 5% to 10% of all pneumo-
nias in infants and young children are caused by adenoviruses. 
Most pediatric cases of adenovirus pneumonia occur between 
6 months and 5 years of age and are caused by serotypes 3, 7, 
and 21, with serotypes 3 and 7 being particularly pathogenic 
adenoviruses with the ability to result in disseminated and often 
fatal disease in previously healthy children. The majority of 
infections in pediatric populations spontaneously resolve and 
often do not result in clinically apparent illness. In adults, pneu-
monia is generally associated with serotypes 3, 4, and 7. Peri-
odic epidemics of adenovirus pneumonia in immunocompetent 
adults have been identified, such as with the reemergence 
of adenovirus subtypes 14 and 55 that have been associated 
with severe disease in military camps, hospitals, and schools 
in the United States, Europe, and Asia. In a manner similar to 
other pathogens, adenoviruses take advantage of impaired or 
destroyed immune systems to establish persistent and dissemi-
nated infections in immunocompromised hosts, a population 
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that is susceptible to a broader range of different serotypes. 
Because some adenoviruses establish latency in lymphoid tis-
sues and the kidneys of their host, it is believed that many, pos-
sibly most, cases of clinical disease caused by adenoviruses in 
immunocompromised patients are reactivated infections. 

radiologiC Features

Chest films typically show bilateral, multifocal, lobar, or 
segmental consolidations; bronchial wall thickening; hyper-
aeration; and lobar atelectasis. Pleural effusions and pneu-
matoceles are reported less frequently.

PathologiC Features

Gross FindinGs

The lungs of patients with adenovirus pneumonia are 
heavy and edematous with areas of consolidation, hemor-
rhage, and well-demarcated yellow foci representing necrotic 
and inflamed pulmonary parenchyma. The mucosae of the 
large airways are generally hemorrhagic and congested, and 
bronchi are filled with mucoid or fibrinopurulent exudates. 

Microscopic FindinGs

The primary histopathologic findings include necrotiz-
ing tracheobronchitis and bronchiolitis with extensively 
denuded epithelium, particularly in medium-sized (1–2 mm 

in diameter) intrapulmonary bronchi (Fig. 13.1A). Affected 
airways may be occluded by homogeneous eosinophilic mate-
rial, mixed inflammatory cells, detached epithelium, and cel-
lular debris. The lamina propria of bronchi and bronchioles is 
typically congested and infiltrated by predominantly mono-
nuclear inflammatory cell infiltrates. Tracheal and bronchial 
serous and mucous glands are also often involved and show 
necrosis and mixed inflammatory infiltrates (Fig. 13.1C). As 

ADENOVIRUS PNEUMONIA—FACT SHEET

Definition
 n  Pulmonary infections caused by nonenveloped double-stranded 

DNA viruses in the family Adenoviridae 

Incidence
 n  Approximately 5% to 10% of all pneumonias in infants and 

young children
 n  Periodic epidemics of adenovirus pneumonia in young adults 

occur, particularly among military recruits
 n  Immunocompromised adults, especially transplant recipients, are 

vulnerable to severe and sometimes fatal pneumonias caused by 
adenoviruses 

Morbidity and Mortality
 n  In immunocompromised patients, the case fatality rate of adeno-

viral pneumonia approaches 60%, versus an approximately 15% 
mortality in immunocompetent patients

 n  Immunocompromised and young patients can develop dissemi-
nated disease

 n  Obliterative bronchiolitis is a potential cause of long-term morbid-
ity in some survivors of the infection; SJMS is rare complication 

Gender, Race, and Age Distribution
 n  Most pediatric cases of adenovirus pneumonia occur between 6 

months and 5 years of age and are caused by serotypes 3, 7, and 
21

 n  Causes severe disease in neonates that may lead to long-term 
complications

 n  In adults, pneumonia is generally associated with serotypes 3, 
4, and 7 with reemergence of serotypes 14 and 55 in certain 
cohorts

 n  No recognized gender or racial predilection 

Clinical Features
 n  Acute upper respiratory tract disease is manifested by tracheo-

bronchitis
 n  Adenovirus pneumonia presents with signs and symptoms similar 

to other types of pneumonia, including fever, cough, and chest 
pain 

Radiologic Features
 n  Bilateral, multifocal, lobar, or segmental consolidations; bronchial 

wall thickening; hyperaeration; and lobar atelectasis
 n  Pleural effusions and pneumatoceles are reported less frequently 

Prognosis and Therapy
 n  No proven effective antiviral therapy
 n  Most patients receive only supportive care for symptoms of the 

disease
 n  Severe infections may progress to death in 2 to 3 weeks

TABLE 13.1
Viral Infections in the Lung

Family/Agents Virus

Adenoviridae Adenovirus

Bunyaviridae Hantavirus

Coronaviridae SARS coronavirus
MERS coronavirus
229E, NL63

Herpesviridae Cytomegalovirus
Herpes simplex
Varicella zoster

Orthomyxoviridae Influenza

Paramyxoviridae Measles virus
Parainfluenza virus
Respiratory syncytial virus
Human metapneumovirus
Nipah virus
Hendra virus

Picornaviridae Enteroviruses
Rhinoviruses

Viral hemorrhagic fevers Arenaviruses, bunyaviruses, 
 flaviviruses, and filoviruses
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the infection progresses, there is involvement of the more 
distal pulmonary parenchyma, forming foci of bronchocen-
tric necrosis with hemorrhage, neutrophilic and mononuclear 
cell infiltrates, and karyorrhexis (Fig. 13.1B). These findings 
occur against a background of diffuse alveolar damage. Ade-
noviruses form intranuclear inclusions in respiratory epithe-
lial cells of the trachea, bronchi, and bronchioles; in the acinar 
cells of bronchial glands; and in alveolar pneumocytes and are 
generally most abundant at the viable edges of necrotic foci. 
On hematoxylin-eosin stain, early inclusions appear as small, 
dense, amphophilic structures surrounded by a cleared zone 
and peripherally marginated chromatin, similar to herpetic 
inclusions. As the cellular infection progresses, the inclusion 
becomes larger (as large as 14 microns in some cells) and 
more basophilic, and the margins of the nuclear membrane 

become blurred to form the characteristic “smudge cell” 
(Fig. 13.1C and D). Concurrent bacterial, fungal, and viral 
infections are common. 

anCillary studies

Various methods can be used to diagnose adenovirus infec-
tions, including antigen detection (fluorescence antibody 
assays and enzyme immunoassays [EIAs]), cell culture, 
electron microscopy, molecular assays, and serologic testing 
for group-specific or type-specific antibodies. Immunohis-
tochemical (IHC) staining methods can detect adenovirus-
infected cells in formalin-fixed, paraffin-embedded tissues 
using various commercially available adenovirus group–
specific antibodies (Fig. 13.1E). Electron microscopy of 
adenovirus-infected tissues reveals a paracrystalline array of 
virions represented by icosahedral capsids that measure 70 
to 90 nm in diameter (Fig. 13.1F). Most adenoviruses can 
be isolated in cell culture from bronchial washings, tracheal 
aspirates, or lung biopsy specimens during the early stage 
of the illness. Molecular assays, particularly gene amplifi-
cation using polymerase chain reaction (PCR) and in situ 
hybridization (ISH) methods, have been developed to detect 
adenovirus nucleic acid in respiratory secretions and in for-
malin-fixed, paraffin-embedded tissues. 

diFFerential diagnosis

The differential diagnosis includes those agents that cause 
necrotizing bronchiolitis, pneumonia, and intranuclear viral 
inclusions, particularly herpes simplex viruses (HSV), vari-
cella zoster virus (VZV), and CMV. Histologic clues to dis-
tinguish these agents from adenovirus include the presence 
(HSV and VZV) or absence (adenovirus) of multinucleated 
cells, cytoplasmic inclusions (CMV), or distinctive smudge 
cells (adenovirus); however, ancillary studies are generally 
required for confirmation. 

Prognosis and theraPy

In immunocompromised patients, the case fatality rate of 
adenoviral pneumonia approaches 60%, compared with 
an approximately 15% mortality in immunocompetent 
patients. There is no proven effective antiviral therapy for 
adenovirus infections, though some studies report posi-
tive outcomes with treatment with cidofovir. Most patients 
receive only supportive care for symptoms of the disease, 
which includes cessation of immune-suppressing drugs in 
those patients with iatrogenic immunosuppression. Chronic 
lung disease, such as bronchiectasis and organizing pneumo-
nia, are reported long-term sequelae. A rare complication, 

ADENOVIRUS PNEUMONIA—PATHOLOGIC FEATURES

Gross Findings
 n  Lungs are typically heavy and edematous with consolidation and 

regions of hemorrhage
 n  Bronchi are generally filled with mucoid, fibrinous, or purulent 

exudates and have hemorrhagic and congested mucosae
 n  Necrotic and inflammatory foci in the pulmonary parenchyma 

may be represented by palpable yellow nodules 

Microscopic Findings
 n  Necrotizing tracheobronchitis and bronchiolitis with extensive 

denudation of the surface epithelium, particularly in medium-
sized (1–2 mm in diameter) bronchi

 n  Affected airways may be occluded by homogeneous eosinophilic 
material, mixed inflammatory cells, detached epithelium, and cel-
lular debris

 n  Tracheal and bronchial serous and mucous glands are also often 
involved and show necrosis and mixed inflammatory infiltrates

 n  Bronchocentric parenchymal necrosis with hemorrhage, neutro-
philic and mononuclear cell infiltrates, against a background of 
exudative diffuse alveolar damage

 n  Intranuclear inclusions in respiratory epithelial cells and alveolar 
pneumocytes, generally most abundant at the viable edges of 
necrotic foci

 –  Early inclusions appear as small, dense, amphophilic structures 
surrounded by a cleared zone and peripherally marginated 
chromatin, similar to herpetic inclusions

 –  Mature inclusions are larger and more basophilic, and the 
margins of the nuclear membrane become blurred to form the 
characteristic “smudge cell” 

Immunohistochemical Features
 n  IHC stains the intranuclear accumulations of viral antigen and 

commercial antibodies detect multiple serotypes 

Ultrastructural Features
 n  Intranuclear paracrystalline array of virions represented by icosa-

hedral capsids that measure 70 to 90 nm in diameter 

Pathologic Differential Diagnosis
 n  Herpes simplex viruses
 n  VZV
 n  CMV
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Swyer-James-Macleod, or single-sided clear lung, syndrome 
(SJMS), frequently occurs in infancy and in childhood, 
developing secondarily to bronchiolitis obliterans after ade-
novirus infections. 

 n HANTAVIRUSES

Hantaviral diseases are zoonotic diseases caused by a 
group of closely related, trisegmented, single-stranded, 

negative-sense RNA viruses of the genus Hantavirus, of the 
family Bunyaviridae. Several genotypes have been identi-
fied and are associated with different host-adapted rodent 
reservoirs, and the primary means of infection is through 
inhalation of rodent secretions or excreta. Two classes of 
hantavirus-associated illnesses have been described: hemor-
rhagic fever renal syndrome (HFRS), for disease in which 
the kidneys are primarily involved, and hantavirus pulmo-
nary syndrome (HPS), also known as hantavirus cardio-
pulmonary syndrome, for disease in which the lungs are 
primarily affected. In the United States infection primarily 
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FIG. 13.1

Adenovirus pneumonia. (A and B) Characteristic necrotizing bronchiolitis, characterized by necrosis of respiratory epithelium and filling of conducting ways by 
necrotic cell debris, fibrin, and mixed inflammatory cells. Note generalized congestion and filling of adjacent alveolar spaces by necrotic and inflammatory cell 
debris. (C) Necrosis of tracheal mucous glands and numerous large, basophilic, intranuclear inclusions (arrows). (D) Numerous intranuclear inclusions (arrows) 
in alveolar pneumocytes, forming characteristic “smudge cells” that can be observed in advanced adenovirus infections. (E) Immunohistochemical localization of 
adenovirus-infected cells in the pulmonary parenchyma of patient with fatal adenovirus pneumonia. (F) Paracrystalline arrays of 70- to 90-nm adenovirus particles 
in the nucleus of an infected pneumocyte. (F, courtesy of C.S. Goldsmith.)
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occurs in May to July and primarily in the southwestern 
states.

CliniCal Features

The initial symptoms of HFRS and HPS are similar and resem-
ble those seen in early phases of many other viral diseases. 
Fever, myalgia, headache, vomiting, weakness, and cough are 

common symptoms in early phases of both HFRS and HPS. 
Renal involvement is seen in all cases of HFRS, and the clini-
cal presentation ranges from a mild illness with minimal renal 
dysfunction to a more severe form with acute renal failure and 
shock. Only HFRS patients who die during the later phases of 
renal failure typically show significant pulmonary edema. The 
clinical picture for HPS is quite different from that for HFRS. 
The initial prodrome is followed by rapidly progressive pul-
monary edema, respiratory insufficiency, and shock. In fatal 
cases, the majority of deaths occur within 6.4 days of hospital-
ization. Hemorrhages and peripheral signs of vasomotor insta-
bility, such as flushing, conjunctival injection, and periorbital 
edema as seen in HFRS, are extremely rare. Hematologic fea-
tures on peripheral blood smears, including neutrophils without 
significant toxic change, myelocytosis, increased circulating 
immunoblastic lymphocytes, thrombocytopenia, and hemocon-
centration, in combination with acute pulmonary edema, is very 
suggestive of a presumptive diagnosis of hantavirus infection. 

HANTAVIRUSES—FACT SHEET

Definition
 n  Hantaviral diseases are caused by closely related, trisegmented, 

negative-sense RNA viruses of the genus Hantavirus, of the family 
Bunyaviridae

 n  Two classes of hantavirus-associated illnesses have been 
described: HFRS for disease in which the kidneys are primarily 
involved and HPS for disease in which the lungs are primarily 
affected 

Incidence and Location
 n  Zoonotic viruses maintained in nature by asymptomatic infection 

of rodents
 n  Transmission to humans is usually associated with exposure to 

rodents in and around the home, performing agricultural activities, 
cleaning animal sheds, sleeping on the ground, and with certain 
occupations

 n  Serotypes are distributed throughout the world
 n  HFRS is more common in Europe and Asia, whereas HPS is 

almost exclusively seen in the Americas
 n  Rare cause of pneumonia 

Morbidity and Mortality
 n  In HFRS, mortality rates range from 1% to 15%
 n  In HPS, mortality rates may exceed 50%
 n  In survivors of HFRS, recovery is usually complete, with no long-

term sequelae 

Gender, Race, and Age Distribution
 n  No specific gender, race, or age distribution is generally seen 

Clinical Features
 n  Prodrome of fever, myalgias, headache, vomiting, weakness, and 

cough is common in both HFRS and HPS
 n  Renal involvement is seen in all cases of HFRS, and the clinical 

presentation ranges from a mild illness with minimal renal dys-
function to a more severe form with acute renal failure and shock

 n  In HPS, the prodrome is followed by rapidly progressive pulmo-
nary edema, respiratory insufficiency, and shock 

Radiologic Features
 n  Interstitial edema without consolidation in the majority of cases 

within 48 hours of hospitalization
 n  Pleural effusions are very common 

Prognosis and Therapy
 n  Supportive therapy, such as dialysis and circulatory and respiratory 

support
 n  Ribavirin is effective in treatment of HFRS but not HPS

HANTAVIRUSES—PATHOLOGIC FEATURES

Gross Findings
 n  Severe HFRS: gelatinous retroperitoneal fluid accumulation and a 

distinctive triad of hemorrhagic necrosis of the junctional zone of 
the renal medulla, right atrium of the heart, and anterior pituitary

 n  HPS: large bilateral pleural effusions and heavy edematous lungs 

Microscopic Findings
 n  HFRS: the most severe and characteristic microscopic lesions 

involve the kidney
 n  HPS:
 –  Lungs: an interstitial pneumonitis is seen in most cases, charac-

terized by edema and an interstitial mononuclear cell infiltrate, 
with variable hyaline membranes and diffuse alveolar damage 
with chronicity

 –  Extrapulmonary: immunoblasts in spleen, lymph nodes, and 
peripheral blood 

Immunohistochemical Features
 n  IHC testing of formalin-fixed tissues is a sensitive method to 

confirm infection
 n  Hantaviral antigens are most commonly detected in endothelial 

cells of involved organs in HPS and HFRS 

Ultrastructural Features
 n  Virus particles are 70 to 120 nm in diameter and generally appear 

spherical to oval in shape
 n  A lipid envelope containing glycoprotein spikes surrounds a core 

consisting of the genome nucleocapsids arranged in delicate 
tangles of filaments

 n  Granulofilamentous viral inclusions can be seen in endothelial 
cells

 n  Viral particles can be extremely difficult to visualize in tissues 

Pathologic Differential Diagnosis
 n  Histopathologic and hematologic findings suggest the diagnosis in 

HPS and HFRS; however, laboratory confirmation is essential for 
confirmation of the diagnosis

 n  Differential diagnosis includes a large number of viral, rickettsial, 
and bacterial infections, as well as noninfectious diseases
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radiologiC Features

Chest radiographs may be normal early in the course of HPS, 
but evidence of bilateral interstitial edema can be observed in 
the majority of cases within 48 hours of hospitalization and 
may resembled acute respiratory distress syndrome (ARDS).

PathologiC Features

Gross FindinGs

Large quantities of protein-rich, gelatinous retroperitoneal 
edema fluid are found in the hypotensive phase of severe 
HFRS, whereas all HPS patients have large bilateral pleural 
effusions and heavy, edematous lungs. In fatal Far Eastern 
HFRS, a distinctive triad of hemorrhagic necrosis of the junc-
tional zone of the renal medulla, right atrium of the heart, and 
anterior pituitary can be seen. In patients with HPS, hemor-
rhages are exceedingly rare, and ischemic necrotic lesions, 
except those attributed to shock, are not seen. 

Microscopic FindinGs

Histologically, morphologic changes of the endothelium 
are uncommon but, when seen, consist of prominent and swol-
len endothelial cells. Vascular thrombi and endothelial cell 
necrosis are rare. In HFRS, the most severe and characteristic 
microscopic lesions involve the kidney and include microvas-
cular inflammation, medullary interstitial hemorrhages, and 
acute tubular necrosis; however, an interstitial pneumonitis can 
also be seen in some fatal cases. In contrast, the microscopic 
changes in HPS are principally seen in the lung and spleen. 
The lungs show a mild-to-moderate interstitial pneumonitis 
with interstitial mononuclear cells composed of a mixture of 
small and enlarged mononuclear cells with the appearance of 
immunoblasts and variable degrees of edema (Fig. 13.2A). 
Focal hyaline membranes composed of condensed protein-
aceous intraalveolar edema fluid, fibrin, and variable numbers 
of inflammatory cells are observed. Typically, neutrophils are 
scant, and the alveolar pneumocytes are intact with no evidence 
of cellular debris, nuclear fragmentation, or hyperplasia. In fatal 
cases, with a prolonged survival interval, tissues show features 
more characteristic of the exudative and proliferative stages 
of diffuse alveolar damage (Fig. 13.2B). Other characteristic 
microscopic findings in HPS cases include variable numbers 
of immunoblasts within the splenic red pulp and periarterio-
lar white pulp (Fig. 13.2E), lymph nodal paracortical zones, 
hepatic portal triads, and peripheral blood. 

anCillary studies

Virus-specific diagnosis and confirmation can be achieved 
through serology, PCR for hantavirus RNA, or IHC for 

hantaviral antigens. Serologic testing can detect hantavirus-
specific immunoglobulin M or rising titers of immunoglobu-
lin G in patient sera and is considered the method of choice 
for laboratory confirmation of HPS. PCR detects viral RNA 
in blood and tissues and is extremely useful for diagnostic and 
epidemiologic purposes. Hantaviral RNA can also be detected 
in formalin-fixed, paraffin-embedded archival tissues by 
reverse transcription (RT) PCR. IHC testing of formalin-fixed 
tissues is a sensitive method to confirm hantaviral infections, 
and viral antigens are found primarily within capillary endothe-
lium throughout various tissues in both HPS and HFRS (Fig. 
13.2C). In HPS, marked accumulations of hantaviral antigens 
are found in the pulmonary microvasculature and in splenic and 
lymph nodal follicular dendritic cells. Electron microscopic 
studies of HPS lung tissue demonstrate infection of endothe-
lial cells and macrophages. The virus or viruslike particles 
observed are infrequent and extremely difficult to identify in 
autopsy tissues; in contrast, typical endothelial granulofilamen-
tous inclusions are seen more frequently (Fig. 13.2D). 

diFFerential diagnosis

HPS should be suspected in cases of ARDS without a known 
precipitating cause among previously healthy individuals. 
The level of suspicion should be particularly high when 
patients have a known exposure to rodents in areas where 
deer mice (Peromyscus maniculatus) or other reservoirs of 
hantavirus are found. Physicians need to differentiate HPS 
from other common acute respiratory diseases, such as 
pneumococcal pneumonia, influenza virus, and unexplained 
ARDS. Diseases that need to be distinguished pathologi-
cally from HPS include a relatively large number of different 
viral, rickettsial, and bacterial infections, as well as various 
noninfectious disease processes. 

Prognosis and theraPy

Recovery in HFRS is usually complete, with no apparent long-
term sequelae. Mortality rates for HFRS range from 1% to 15%, 
with shock and uremia being the main contributing causes of 
death, although pulmonary edema has been implicated in some 
patients. In one study accounting for confirmed HPS cases 
in the United States from 1993 to 2009 the case-fatality rate 
was 35% though mortality rates may exceed 50% depending 
on the serotype involved. Though similar biochemical altera-
tions occur, those patients with the lowest thrombocytopenia 
(median 33,500 cells/mL), as well as increased hematocrits, 
creatinine levels, and leukocyte counts, occurred more often in 
fatal HPS cases. The need for supplementary oxygen and intu-
bation has also been associated with a poor outcome. Manage-
ment of patients with HPS or HFRS is often complex and phase 
specific. Supportive therapy, such as dialysis and circulatory 
and respiratory support, is the basis of treatment. 
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FIG. 13.2

Hantavirus pulmonary syndrome (HPS). (A) Lung showing mononuclear interstitial pneumonitis and intraalveolar edema in a typical case of HPS. (B) Type 
II pneumocyte hyperplasia in the alveoli of an HPS patient as seen in patients with a prolonged clinical course. (C) Widespread immunostaining of hantaviral 
antigens in pulmonary microvasculature of an HPS patient. (D) Ultrastructural appearance of a typical granulofilamentous hantavirus inclusion within pulmonary 
capillary endothelium. (E) Spleen from a fatal case in which immunoblasts are seen in the periarteriolar sheath. Note prominent nucleoli and high nuclear-to-
cytoplasmic ratio. (D, courtesy of C.S. Goldsmith.)
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 n SEVERE ACUTE RESPIRATORY SYNDROME 
AND MIDDLE EAST RESPIRATORY 
SYNDROME CORONAVIRUSES

Coronaviruses are enveloped, positive-stranded RNA viruses 
belonging to the Coronaviridae family. Six coronaviruses are 
known to infect people and include alpha coronaviruses 229E 
and NL63 and beta coronaviruses OC43, HKU1, SARS-CoV, 
and MERS-CoV. Until the emergence of SARS and MERS, 
coronaviral infection was typically associated with mild self-
limiting upper respiratory tract illness, though rare reported 
cases of severe pneumonia associated with coronavirus exist, 
particularly in immunocompromised patients.

SARS was recognized during a global outbreak of severe 
pneumonia that began in late 2002 in Guangdong Province, 
China, and gained prominence in early 2003 as cases were 
identified in Asia, Europe, and in North and South America. 
SARS was contained in 2003, with the last reported cases 
occurring as laboratory-acquired cases in 2004. MERS 
was first detected in Saudi Arabia in 2012 with most cases 
reported in the Arabian Peninsula, and numerous travel-asso-
ciated cases and health care–associated outbreaks reported, 
the largest being in the Republic of Korea in 2015. The ani-
mal reservoir of SARS and MERS is uncertain, though bats 
have been suspected to play a role. It appears likely that 
civet cats and other small mammals play a role as amplifier 
hosts within animal markets for transmission of SARS, and 
there is very strong evidence linking dromedary camels and 
camel-related products to transmission of MERS to humans.

CliniCal Features

SARS and MERS cause a spectrum of illness ranging from 
asymptomatic infection, to an influenza-like illness that typi-
cally presents with acute onset of fever, myalgia, malaise, 
and chills, to respiratory failure, shock, multiorgan failure, 
and death. Other symptoms can include sore throat, nausea 
and vomiting, and diarrhea. Infection can occur in people 
of all ages. In SARS children tend to have a much milder 
clinical course than adults, and in MERS severe disease and 
death occur most frequently in patients with chronic comor-
bidities. The estimated incubation period is 2 to 14 days, 
and transmission is thought to primarily occur by person-to- 
person contact, particularly with respiratory secretions. 

radiologiC Features

The radiologic features of SARS include the peripheral 
appearance of lung opacities; lower lobe predominance; and 
a mixture of ground-glass opacities, interstitial thickening, 
and bronchiectasis. Pneumomediastinum without preceding 
positive-pressure ventilation or intubation can be seen later 

in the disease. Multifocal peripheral subpleural ground-glass 
opacification or consolidation has been the most commonly 
observed computed tomographic (CT) feature at the time 
of diagnosis in patients with SARS. In MERS radiologic 
features include progressive bilateral pulmonary opacities, 
including ground-glass and alveolar-interstitial infiltrates 
with consolidation and air bronchograms, and peripheral 
interstitial infiltrates and lower lobe consolidation on CT.

SARS AND MERS CORONAVIRUSES—FACT SHEET

Definition
 n  SARS and MERS coronaviruses are enveloped, positive-stranded 

RNA viruses that are members of the genus Coronavirus, of the 
family Coronaviridae 

Incidence and Location
 n  SARS was first reported in Guangdong Province in southern China 

in 2002, but rapidly spread to become a worldwide illness in 
2003

 n  MERS was first reported in Saudi Arabia in 2012, with the majority 
of cases occurring throughout the Arabian Peninsula 

Morbidity and Mortality
 n  SARS is fatal in about 5% to 10% of patients, and MERS is fatal in 

about 35% of patients
 n  In patients who survive the illness, the recovery is usually com-

plete
 n  Mortality and risk of complications are higher among elderly 

persons and persons of any age with certain underlying health 
conditions

 n  Secondary bacterial pneumonias with organisms may occur as a 
complication 

Gender, Race, and Age distribution
 n  People of all ages are vulnerable
 n  No recognized gender or racial predilection 

Clinical Features
 n  Spread is primarily person to person through the coughing and 

sneezing of infected persons
 n  Estimated incubation period is 2 to 14 days
 n  Uncomplicated illness is an influenza-like illness characterized by 

an abrupt onset of fever, myalgia, headache, malaise, nonproduc-
tive cough, sore throat, and rhinitis 

Radiologic Features
 n  Peripheral lung opacities with lower lobe predominance and a 

mixture of ground-glass opacities, interstitial thickening, and bron-
chiectasis or air bronchograms

 n  CT at the time of diagnosis shows multifocal peripheral subpleural 
ground-glass opacities and consolidation

 n  Pneumomediastinum can be seen later in the disease 

Prognosis and Therapy
 n  Supportive respiratory and intensive care therapy
 n  Inconclusive studies regarding the efficacy of antivirals
 n  Specific antibiotic therapy in cases with secondary bacterial infec-

tion
 n  Prevention of nosocomial transmission is an important strategy for 

management of cases in a hospital setting
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PathologiC Features

Gross FindinGs

In fatal cases of SARS, the lungs are usually heavy and 
edematous with varying degrees of red and gray hepatiza-
tion. Multiple bilateral hemorrhagic infarcts are commonly 
seen in association with subpleural hemorrhages. Autopsy 
results have only been reported in a single case with fatal 
MERS infection. In that case gross examination revealed 
abundant pleural effusion and significant pericardial and 
abdominal effusion, edematous and consolidate pulmonary 
parenchyma, and congestion. 

Microscopic FindinGs

The main histopathologic pattern is diffuse alveolar 
damage (Fig. 13.4A and B). Increased mononuclear cell 
infiltrates in the interstitium can be seen in some cases 
of SARS (Fig. 13.3A), and mixed inflammation edema 
was noted within the septa from a fatal MERS case. 
Other findings identified in some patients include focal 

intraalveolar hemorrhage, necrotic inflammatory debris 
in small airways, and organizing pneumonia, as well as 
type II pneumocyte hyperplasia, intraalveolar fibrin, and 
necrosis of alveoli and submucosal glands of conducting 
airways (Fig. 13.4C). In addition, multinucleated syncy-
tial cells without inclusion formation may be seen in the 
alveolar spaces of some fatal SARS cases in patients who 
die 14 days or more after onset of illness, and were also 
noted in pulmonary tissues from the MERS fatality (Fig. 
13.3B). 

anCillary studies

ISH and IHC studies of tissues from SARS patients have 
identified coronavirus in ciliated columnar epithelial cells 
in the trachea, bronchi, and bronchioles (Fig. 13.3D) and 
in pneumocytes (Fig. 13.3C) and occasional macrophages 
in some patients. Antigens are more readily identified in 
patients who die within the first 2 weeks of onset of ill-
ness. In MERS, immunoreactivity is seen in pneumocytes 
and multinucleated syncytial cells and necrotic and his-
tologically unremarkable bronchial submucosal glands 
(Fig. 13.4D–F). Electron microscopic examination can 
show coronavirus particles in cytoplasmic membrane-
bound vesicles with both viruses (Fig. 13.4G). In SARS, 
particles and nucleocapsid inclusions can also be along 
the cell membranes of pneumocytes, in phagosomes 
of macrophages, and associated with fibrin in alveolar 
spaces. Negative stains reveal particles averaging 80 to 
100 nm in size with a characteristic crownlike fringe on 
the surface (Fig. 13.3E). 

diFFerential diagnosis

The histopathologic findings seen in the lungs of patients 
who die of MERS and SARS are somewhat nonspecific 
and can also be seen in acute lung injury cases caused 
by infectious agents, trauma, drugs, or toxic chemi-
cals. Multinucleated syncytial cells can also be found in 
many viral infections, including measles, parainfluenza 
viruses, RSV, and Nipah virus infections. An unequivocal 
diagnosis can be made only by laboratory tests such as 
viral culture, direct fluorescent antibody, serology, PCR, 
or IHC. 

Prognosis and theraPy

Patients can undergo complete recovery; however, the 
disease can progress to acute respiratory failure and death 
with about a 5% to 10% case fatality for SARS and an 
approximately 35% case fatality with MERS. No specific 

SARS AND MERS CORONAVIRUSES—PATHOLOGIC FEATURES

Gross Findings
 n  Lungs are usually heavy and edematous with varying degrees of 

red and gray hepatization and consolidation
 n  Multiple bilateral pulmonary hemorrhagic infarcts and subpleural 

hemorrhages can be seen with SARS 

Microscopic Findings
 n  Diffuse alveolar damage
 n  Hemorrhage
 n  Edema
 n  Multinucleated cells in about 10% of cases
 n  Viral inclusions cannot be identified by light microscopy 

Immunohistochemical Features
 n  IHC reveals SARS antigens primarily in the respiratory epithelial 

cells of airways and pneumocytes, particularly in patients who die 
within the first 2 weeks of onset of the illness

 n  IHC reveals MERS antigens primarily in pneumocytes, syncytial 
cells, and bronchial glands 

Ultrastructural Features
 n  In SARS virions form by alignment of the helical nucleocapsids 

along the membranes of the endoplasmic reticulum or Golgi 
complex and acquire an envelope by budding into the cisternae

 n  Cellular vesicles become filled with virions and progress to the cell 
surface for release of viral particles

 n  Negative stains reveal particles averaging 80 to 100 nm in size 
with a characteristic crownlike fringe on the surface 

Pathologic Differential Diagnosis
 n  Other causes of diffuse alveolar damage, including many viral, 

rickettsial, and bacterial infections, as well as noninfectious dis-
eases (trauma, drugs, and toxins)
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antiviral therapy exists for SARS and MERS, and case 
management is based on providing supportive care of 
complications and following infection prevention and 
control measures. Patients with underlying medical con-
ditions may have an increased risk of developing severe 
illness, and these patients should be monitored closely. 
High-dose systemic corticosteroid administration can 
result in severe adverse effects and should be avoided 
unless indicated for another reason. Experimental and 
clinical trials are needed to evaluate the efficacy of vari-
ous treatments, and development of targeted treatment is 
needed. 

 n CYTOMEGALOVIRUS

CMV, a large, double-stranded DNA virus, is a ubiquitous 
human pathogen, and in North America infects approxi-
mately 50% to 90% of the population. Like all herpesviruses, 
CMV remains with its host for life after primary infection 
and establishes latency in various cell types, including vas-
cular endothelial cells, monocytes and macrophages, neutro-
phils, and renal and pulmonary epithelial cells. Activation 
of viral replication occurs in persons with severely compro-
mised immunity.

100 nm
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FIG. 13.3

Severe acute respiratory distress syndrome coronavirus (SARS). (A) Lung showing interstitial pneumonitis, patchy hyaline membranes and prominent intraalveolar 
edema. (B) Multinucleated syncytial giant cells can be seen in some cases of fatal SARS. Note absence of discernable viral inclusions. (C) Abundant immunos-
taining of coronavirus antigen in alveolar pneumocytes. (D) Ciliated epithelial cell in upper airway epithelium containing viral antigens. (E) Electron micrograph 
showing coronavirus particle. These 80- to 100-nm viral particles are named for the characteristic crownlike fringe on the surface. (E, courtesy of C.D. Humphrey.)
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CliniCal Features

Most CMV infections are inapparent, although cases of pri-
mary infection in otherwise healthy individuals can result 
in a self-limited mononucleosis syndrome resembling the 
illness caused by Epstein-Barr virus. Pulmonary involve-
ment in CMV mononucleosis occurs in approximately 6% of 
these cases. Adults and children with advanced HIV disease, 
recipients of hematopoietic stem cell and lung transplants, 

and those with inflammatory bowel disease are at increased 
risk for developing CMV pneumonia. Before the use of CMV 
screening and effective antiviral prophylaxis regimens, 10% 
to 30% of all patients undergoing allogeneic bone marrow 
transplantation for leukemia, and 15% to 55% of solid organ 
transplants, developed CMV pneumonia, with case-fatality 
rates greater than 80% in some series. Neonates are also at 
risk. Symptomatology includes fever, dyspnea, cough, rales, 
and hypoxemia. Systemic dissemination and extrapulmo-
nary involvement can occur in some patients. 
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FIG. 13.4

Middle East respiratory syndrome coronavirus (MERS). (A and B) Extensive edema (A) and exudative-phase diffuse alveolar damage with hyaline membrane 
formation, fibrin, type II pneumocyte hyperplasia, and variable septal expansion by mixed inflammatory cells in pulmonary tissue from a fatal MERS case. (C) 
Lymphocytic inflammation in the submucosal glands of a bronchus with a large region of glandular necrosis. (D) Immunohistochemistry of the same bronchial 
gland highlights numerous viral antigens within the necrotic focus. (E and F) Viral antigen within pneumocytes (E) and a multinucleated epithelial syncytial cell 
(F). (G) Pleomorphic spherical viral particles are seen in this thin section electron microscopic image. (G, courtesy of M. Metcalfe.)
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radiologiC Features

Pulmonary CMV disease typically appears as bilateral nodular 
or reticular opacities on chest radiographs. Pleural effusions are 
identified in approximately 10% to 30% of patients. Because 
some patients may be coinfected with other pulmonary patho-
gens, radiologic findings may be confusing. Some patients with 
documented infection have normal radiographs and CT studies.

PathologiC Features

Gross FindinGs

There are several general patterns of pulmonary CMV 
infection. The lungs are typically heavy and may appear dif-
fusely consolidated or show scattered nodular foci of hem-
orrhage and necrosis. Rarely, CMV infection of the lungs 
manifests as a single pulmonary nodule. 

Microscopic FindinGs

Multiple histopathologic patterns have been reported 
for CMV pneumonia. Extensive intraalveolar hemor-
rhage with scattered cytomegalic cells and relatively 
scant inflammatory cell infiltrates may occur. In a similar 
manner, extensive involvement of the alveolar epithelium 
with minimal inflammation or overt evidence of paren-
chymal injury has also been described. Other patterns 
include multifocal or miliary lesions with mixed inflam-
matory cell infiltrates, hemorrhage, necrosis, and cyto-
megalic cells or a diffuse, predominantly mononuclear 
cell infiltrate, interstitial pneumonitis with intraalveolar 
edema and fibrin deposition, and diffusely distributed 
cytomegalic cells. The cytomegalic changes of CMV-
infected cells are evident on standard hematoxylin-eosin 
staining and are virtually pathognomonic of active CMV 
infection. The cells are enlarged (25–40 microns) and 
contain amphophilic to deeply basophilic intranuclear 
and intracytoplasmic inclusions (Fig. 13.5A). The single 
intranuclear inclusion is composed of viral nucleoprotein 
and assembled capsids, and is a large (up to 20 microns), 
round-to-ovoid body with a smoothly contoured border 
that is generally surrounded by a clear halo that gives 
the inclusion a distinctive “owl’s eye” appearance. 

CYTOMEGALOVIRUS PNEUMONIA—FACT SHEET

Definition
 n  Human CMV is a β-herpesvirus with the largest genome 

(230 kbp) of all the herpesviruses known to infect humans 

Incidence and Location
 n  Common cause of pneumonia in immunocompromised patients
 n  Worldwide distribution
 n  CMV is a ubiquitous human pathogen, and in North America 

infects approximately 50% to 90% of the population
 n  Patients with advanced HIV disease and recipients of hemato-

poietic stem cell and lung transplants are particularly at risk of 
developing CMV pneumonia 

Mortality
 n  Mortality attributable to CMV pneumonia is approximately 50% 

Gender, Race, and Age Distribution
 n  Can develop in patients of any age
 n  No apparent gender or racial predilection 

Clinical Features
 n  Fever, nonproductive cough, rales, and hypoxemia
 n  Disseminated infection may also cause adrenalitis, hepatitis, or 

encephalitis 

Radiologic Features
 n  Common findings are bilateral nodular or reticular opacities
 n  Pleural effusions are identified in approximately 10% to 30% of 

patients
 n  Some patients with documented infection have normal radio-

graphs and CT studies 

Therapy
 n  Ganciclovir, valganciclovir, foscarnet, cidofovir, and intravenous 

CMV immune globulin remain important lines of treatment

CYTOMEGALOVIRUS PNEUMONIA—PATHOLOGIC FEATURES

Gross Findings
 n  Lungs are typically heavy and may appear diffusely consolidated 

or show scattered nodular foci of hemorrhage and necrosis
 n  Rarely, the infection manifests as a single pulmonary nodule 

Microscopic Findings
 n  Multiple histopathologic patterns have been reported, including 

extensive intraalveolar hemorrhage, diffuse interstitial pneumoni-
tis, and miliary inflammatory foci with necrosis

 n  Virally induced cytopathic changes include cytomegaly (25–40 
microns) and amphophilic to deeply basophilic intranuclear and 
intracytoplasmic inclusions in various cell types, including mac-
rophages, pneumocytes, glandular epithelium, endothelium, and 
fibroblasts

 –  The single intranuclear inclusion is a large (up to 20 microns), 
round-to-ovoid body with a smoothly contoured border that is 
generally surrounded by a clear halo

 –  Cytoplasmic inclusions are small (1–3 microns), stain with 
periodic acid–Schiff stain, and are deeply argyrophilic with 
methenamine silver stains 

Immunohistochemical Features
 n  Commercially available antibodies can assist in the diagnosis of 

CMV 

Ultrastructural Features
 n  Mature enveloped virions from 150 to 200 nm 

Pathologic Differential Diagnosis
 n  Herpes simplex viruses, VZV, and adenoviruses
 n  Reactive pneumocytes
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Cytoplasmic inclusions are small (1–3 microns), granu-
lar bodies that appear after the intranuclear inclusion is 
well developed and are not uniformly present in all CMV-
infected cells. These inclusions represent a mixture of 
virions and various cellular organelles and increase in 
size and number as the infection progresses. Unlike the 
intranuclear inclusions, the cytoplasmic inclusions stain 
with periodic acid–Schiff stain and are deeply argyro-
philic with methenamine silver stains. 

anCillary studies

CMV pneumonia is defined by the presence of signs 
or symptoms of pulmonary disease combined with the 
detection of CMV in bronchoalveolar lavage (BAL) fluid 
or lung tissue samples. Detection methods that support 
this definition include virus isolation, histopathologic 
observation of cytomegalic cells, ISH, or IHC stains 
(Fig. 13.5B). Detection by PCR alone is considered too 

sensitive for the diagnosis of CMV pneumonia and is 
insufficient for this purpose. CMV is most often cultured 
in human diploid fibroblasts using a shell vial method 
to enhance infectivity and can usually yield diagnostic 
results within 48 hours. Electron microscopic examina-
tion can show slightly pleomorphic spherical particles, 
with and without a nuclear core, that range from 150 to 
200 nm (Fig. 13.5C). 

diFFerential diagnosis

Because the histopathologic features of CMV pneumonia 
are varied, the differential diagnosis depends on the pre-
dominant pattern of histologic pattern (hemorrhage, miliary 
inflammatory lesions, or diffuse interstitial pneumonitis). 
The cytopathologic changes of CMV-infected cells are gen-
erally sufficient to establish a diagnosis. CMV inclusions 
may on occasion, however, be confused with those of other 
herpesviruses, adenoviruses, or measles, but none of these 
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FIG. 13.5

Cytomegalovirus (CMV) pneumonia. (A) CMV-infected cell showing a large, basophilic “owl’s eye” intranuclear inclusion and smaller, amphophilic cytoplasmic 
inclusions. (B) Immunohistochemical localization of CMV-infected cells in the pulmonary parenchyma. (C) Intranuclear viral capsids with (arrows) and without 
(arrowhead) a nuclear core. Capsids are partially bordered by electron dense chromatin. (C, courtesy of M. Metcalfe.)
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pathogens collectively shows cytomegaly—a single large 
nuclear inclusion with a prominent halo—and multiple 
small cytoplasmic inclusions. Reactive pneumocytes can 
occasionally show enlarged nuclei, but the nuclei will be 
immunonegative with IHC for CMV. 

Prognosis and theraPy

Ganciclovir, valganciclovir, foscarnet, cidofovir, and intrave-
nous CMV immune globulin remain important lines of treat-
ment for CMV pneumonia and have diminished mortality in 
immunosuppressed patients with this disease. Nonetheless, 
mortality attributable to CMV pneumonia is approximately 
50%. Candidate vaccines are under development, but none 
are available for typical clinical use. Several viral mutations 
have been identified that are linked to drug resistance. 

 n HERPES SIMPLEX VIRUSES

Human HSVs are large, enveloped, double-stranded DNA 
viruses approximately 100 to 110 nm in diameter. Two sero-
logic types are recognized, and each is most frequently asso-
ciated with particular disease syndromes; however, either 
serotype may cause any of the associated clinical syndromes. 
HSV-1 causes gingivostomatitis, pharyngitis, esophagitis, 
keratoconjunctivitis, and encephalitis, and is the serotype 
most commonly associated with adult HSV pneumonia. 
HSV-2 typically infects genital sites and is the serotype asso-
ciated with approximately 80% of disseminated disease and 
pulmonary infections in newborn infants.

CliniCal Features

HSV, like all herpesviruses, has the ability to persist in an 
inactive state for varying periods and then recur spontane-
ously after undefined stimuli associated with physical or 
emotional stress, trauma to nerve roots or ganglia, fever, 
immunosuppression, or exposure to ultraviolet radiation. 
Tracheobronchitis and pneumonia are the primary respira-
tory tract manifestations of HSV infection. In adults, infec-
tion of the respiratory tract with HSV may be associated 
with disseminated herpetic infection but is more commonly 
identified as an isolated disease manifestation resulting from 
reactivation of latent herpetic infections in the oropharynx. 
Mucocutaneous herpetic infection generally precedes HSV 
pneumonia, and aspiration of virus-containing secretions 
into the lower respiratory tract is believed to be the most fre-
quent cause of pulmonary infection with HSV; however, oral 
lesions may be absent in patients with herpetic laryngotrache-
itis and bronchopneumonia. Disease can also be associated 

HERPES SIMPLEX VIRUSES—FACT SHEET

Definition
 n  Human HSVs are large, enveloped, double-stranded DNA viruses 

that exist in two serologic types
 –  HSV-1 is the serotype most commonly associated with adult 

HSV pneumonia
 –  HSV-2 is the serotype associated with approximately 80% of 

disseminated disease and pulmonary infections in newborn 
infants 

Incidence and Location
 n  Worldwide distribution
 n  Newborn infants, severely immunosuppressed or burned patients, 

and patients with severe trauma are at greatest risk of developing 
HSV pneumonia

 n  Most cases of neonatal disease represent primary HSV infections 
and are acquired during parturition from HSV-infected mothers; 
the incidence of neonatal HSV infection is approximately 1 in 
3,200 deliveries 

Mortality
 n  Before the discovery and use of antiviral therapies, 85% of neo-

nates with disseminated HSV disease died from the infection
 n  With early diagnosis and high-dose acyclovir therapy, mortality has 

been reduced to approximately 30% 

Gender, Race, and Age Distribution
 n  People of all ages are susceptible
 n  No recognized gender or racial predilection 

Clinical Features
 n  In adults, infection of the respiratory tract with HSV may be associ-

ated with disseminated herpetic infection but is more commonly 
identified as an isolated disease manifestation resulting from reac-
tivation of latent herpetic infections in the oropharynx

 n  Disseminated disease develops in approximately 25% of infected 
neonates; approximately 40% to 50% of these patients develop 
pneumonia

 n  Infants with disseminated neonatal HSV infections first show signs 
and symptoms a mean of 5 days after birth (range, 0–12 days). 
As the disease progresses, the clinical picture often resembles 
bacterial sepsis, evolving rapidly to pneumonia, shock, and dis-
seminated vascular coagulopathy 

Radiologic Features
 n  Ill-defined nodular or reticular densities of various sizes scattered 

in both lung fields
 n  During the early stages of disease, these nodules measure 2 to 

5 mm and are best seen in the periphery of the lungs; as the 
disease progresses, these lesions coalesce and enlarge to form 
more extensive segmental and subsegmental infiltrates

 n  Pleural effusions are commonly identified
 n  CT studies show patchy or diffuse opacities, multifocal peribron-

chial consolidations, or a mixture of both patterns 

Therapy
 n  Antiviral therapies include acyclovir, valacyclovir, and famciclovir
 n  Foscarnet has been used effectively in some acyclovir-resistant 

patients
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with airway trauma caused by tracheal intubation or from 
hematogenous dissemination of HSV. Newborn infants, 
severely immunosuppressed or burned patients, and patients 
with severe trauma are at greatest risk of developing HSV 
pneumonia. Lower respiratory tract disease in neonates is 
most commonly associated with disseminated herpetic infec-
tions. Most cases of neonatal disease represent primary HSV 
infections and are acquired during parturition from HSV-
infected mothers. The incidence of neonatal HSV infection 
is approximately 1 in 3,200 deliveries, and disseminated dis-
ease develops in approximately 25% of infected neonates. In 
disseminated infections, signs and symptoms appear a mean 
of 5 days after birth (range, 0–12 days), and approximately 
40% to 50% of these patients develop pneumonia. 

radiologiC Features

Chest radiographs of patients with HSV pneumonia show 
ill-defined nodular or reticular densities of various sizes 
scattered in both lung fields. During the early stages of dis-
ease, these nodules measure 2 to 5 mm and are best seen 
in the periphery of the lungs. As the disease progresses, 
these lesions coalesce and enlarge to form more extensive 
segmental and subsegmental infiltrates. CT shows patchy or 
diffuse areas of ground-glass opacities, multifocal peribron-
chial consolidations, or a mixture of both patterns. Pleural 
effusions are common.

PathologiC Features

Gross FindinGs

HSV tracheobronchitis appears as 5- to 15-mm ulcers 
covered by fibrinopurulent exudate on the mucous mem-
branes. In HSV pneumonia acquired through the airways, 
the lungs are heavy and show nodular hemorrhagic foci that 
are generally distributed around bronchi and bronchioles. 
In hematogenously acquired HSV pneumonia, hemorrhagic 
foci usually have a random or miliary distribution. 

Microscopic FindinGs

Herpetic tracheobronchitis is an ulcerative process char-
acterized by large areas of denuded mucosal epithelium and 
fibrinopurulent exudate containing necrotic cells. Despite 
extensive tissue damage, cells with intranuclear inclusions 
may be sparse and are found most often at the margins of the 
ulcerated epithelium or occasionally in the mucous glands 
below the ulcerated mucosa. In the lung, herpetic lesions 
show extensive necrosis and karyorrhectic debris, and are 
associated with hemorrhage and a sparse-to-moderate neu-
trophilic infiltrate (Fig. 13.6A and B). Intranuclear inclusions 
are best appreciated in cells at the leading edge of necrotic 
foci. Inclusions appear either as homogeneous, amphophilic, 
and glassy, typical of Cowdry type B inclusions, or as eosino-
philic with a halo separating the inclusion from the nuclear 
membrane typical of Cowdry type A inclusions (Fig. 13.6C). 
Other changes associated with HSV, including multinucle-
ation and nuclear molding, ground-glass nuclear chromatin, 
and ballooning degeneration of the cytoplasm (Fig. 13.6C), 
are more frequently associated with squamous epithelium and 
less often encountered in the lung. 

anCillary studies

Virus isolation remains an important diagnostic method; 
however, because HSV can be isolated from oropharyngeal 

HERPES SIMPLEX VIRUSES—PATHOLOGIC FEATURES

Gross Findings
 n  HSV tracheobronchitis: 5- to 15-mm ulcers covered by fibrinopu-

rulent exudate on the mucous membranes of the large airways
 n  HSV pneumonia acquired through the airways: lungs are heavy 

and show nodular hemorrhagic foci that are generally distributed 
around bronchi and bronchioles

 n  Hematogenously acquired HSV pneumonia: hemorrhagic foci 
have a random or miliary distribution 

Microscopic Findings
 n  HSV tracheobronchitis: large areas of denuded epithelium and 

exudate containing necrotic cells; cells with intranuclear inclusions 
may be sparse and are found most often at the margins of the 
ulcerated epithelium or occasionally in the mucous glands below 
the ulcerated mucosa

 n  HSV pneumonia: lesions show hemorrhage and necrosis with 
karyorrhectic debris; intranuclear inclusions are best appreciated 
in cells at the edge of necrotic foci

 n  Inclusions appear as homogeneous, amphophilic, and glassy or as 
eosinophilic with a halo separating the inclusion from the nuclear 
membrane

 n  Multinucleation and nuclear molding, ground-glass nuclear chro-
matin, and ballooning degeneration of the cytoplasm are more 
frequently associated with squamous epithelia and less often 
encountered in the lung 

Immunohistochemical Features
 n  IHC testing of formalin-fixed tissues is a sensitive method to 

confirm HSV infections; antibodies reactive with both HSV-1 and 
HSV-2 are commercially available 

Ultrastructural Features
 n  Virus particles are encapsulated and approximately 100 to 110 

nm in diameter
 n  Individual particles demonstrate a targetoid appearance and are 

arranged in a latticelike pattern 

Pathologic Differential Diagnosis
 n  VZV pneumonia
 n  Adenovirus pneumonia
 n  Measles pneumonia
 n  CMV pneumonia



CHAPTER 13 Viral Diseases 259

A B

C D

E F

FIG. 13.6

Herpes simplex virus (HSV) pneumonia. (A and B) Extensive necrosis and hemorrhage associated with herpes simplex pneumonia. (C) Glassy, amphophilic, intra-
nuclear inclusions in HSV-infected syncytial cells. (D and E) Immunohistochemical localization of HSV antigen in the lung of a patient with fatal HSV pneumonia. 
(F) Viral capsids within the nucleus of an HSV-infected cell. (F, courtesy of C.S. Goldsmith.)

secretions and occasionally from the lower respiratory tract 
of patients who lack overt pulmonary disease, virologic cul-
tures must be interpreted in the context of complementary 
clinical, radiographic, and histopathologic findings as much 
as possible. PCR methods that amplify HSV DNA from clin-
ical specimens, including tissue and blood, can be particu-
larly useful for distinguishing between HSV-1 and HSV-2 
infections. Commercially available antibodies exist for IHC 
detection of HSV in tissues (Fig. 13.6D and E). Electron 
microscopy can also be used to demonstrate encapsulated 
viral particles with a targetoid appearance arranged in a lat-
ticelike pattern (Fig. 13.6F). 

diFFerential diagnosis

HSV, VZV, adenoviruses, measles virus, and CMV can 
cause necrotizing hemorrhagic pneumonias, and each pro-
duces intranuclear inclusions that may be difficult to differ-
entiate. The viral inclusions of HSV are identical to those 
of VZV; separation can be accomplished by IHC, molecular 
methods, or culture. The presence of smudge cells is sup-
portive of a diagnosis of adenovirus, and HSV does not pro-
duce cytoplasmic inclusions, which should be seen in CMV 
and in measles. 
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Prognosis and theraPy

Before the discovery and use of antiviral therapies, 85% 
of neonates with disseminated HSV disease died from the 
infection. With early diagnosis and high-dose acyclovir ther-
apy, however, mortality has been reduced to approximately 
30%. Acyclovir is the treatment of choice, and foscarnet has 
been used effectively in some acyclovir-resistant patients. 
Concomitant bacterial pneumonia is common. 

 n VARICELLA ZOSTER VIRUS

VZV is a double-stranded DNA, human alpha herpesvirus 
closely related to HSV. Primary infection causes varicella 
(chickenpox), and reactivation of latent virus causes herpes 
zoster (shingles). VZV is ubiquitous in human populations 
around the world, and humans are the only known natural 
reservoir. During the prevaccine era in the United States, 
approximately 4 million cases, 4,000 to 9,000 hospitaliza-
tions, and 50 to 140 deaths were reported annually. VZV-
related deaths have declined sharply in the United States, 
however, since universal childhood vaccination was imple-
mented in 1995.

CliniCal Features

Primary infection with VZV occurs by inoculation of respi-
ratory mucosa with infectious aerosols or by direct contact 
with skin lesions of patients with varicella or herpes zos-
ter. A pruritic vesicular rash (chickenpox) develops after an 
incubation period of 10 to 21 days. The attack rate for pre-
viously uninfected household contacts exposed to varicella 
is approximately 90%. VZV also establishes latent infec-
tion within satellite cells and neurons of the trigeminal and 
dorsal root ganglia and can reactivate under various condi-
tions to cause herpes zoster, a painful unilateral vesicular 
eruption distributed in a dermatomal distribution. Although 
chickenpox is usually a relatively benign infection in chil-
dren, adult patients are approximately 25 times more likely 
than children to develop pneumonia. Pneumonia occurs in 
approximately 10% to 15% of adults primarily infected with 
VZV; however, the incidence of pneumonia in bone mar-
row transplant recipients and acute leukemia patients may 
be as high as 30% to 45%. The greatest risk of severe dis-
ease and pneumonia occurs in those patients with chronic 
lung disease, immune-suppressing conditions, neonates, and 
pregnant women. The occurrence of pneumonia during her-
pes zoster is rare and limited primarily to profoundly immu-
nosuppressed patients, particularly bone marrow transplant 
recipients. VZV pneumonia develops 2 to 7 days after the 
onset of rash and is characterized by fever, cough, tachypnea, 
chest pain, and hemoptysis. Massive pulmonary hemorrhage 

VARICELLA ZOSTER VIRUS—FACT SHEET

Definition
 n  Primary infection causes varicella (chickenpox) and reactivation of 

latent virus causes herpes zoster (shingles) 

Incidence and Location
 n  Ubiquitous worldwide pathogen, and humans are the only known 

host
 n  Highly contagious virus; the attack rate for previously unin-

fected household contacts exposed to varicella is approxi-
mately 90%

 n  The U.S. incidence of varicella pneumonia has dropped by 
two-thirds since universal childhood vaccination for varicella was 
implemented in 1995 

Mortality
 n  Untreated adult varicella pneumonia is fatal in approximately 10% 

of cases
 n  Mortality is as high as 25% to 40% in certain high-risk cohorts, 

including pregnant women, transplant recipients, and  
neonates 

Gender, Race, and Age Distribution
 n  Adult patients with varicella are approximately 25 times more 

likely than children to develop pneumonia; pneumonia occurs in 
approximately 10% to 15% of adults infected with VZV

 n  The greatest risk of severe disease and pneumonia occurs in 
those patients with chronic lung disease, immune-suppressing 
conditions, neonates, and pregnant women

 n  The incidence of pneumonia in bone marrow transplant recipients 
and acute leukemia patients infected with varicella may be as 
high as 30% to 45%

 n  No apparent gender or racial predilection 

Clinical Features
 n  Primary infection occurs by inoculation of respiratory mucosa 

with infectious aerosols or by direct contact with skin lesions of 
patients with varicella or herpes zoster

 n  VZV pneumonia generally develops within 2 to 7 days after the 
onset of rash and may be characterized by fever, cough, tachy-
pnea, chest pain, and hemoptysis 

Radiologic Features
 n  Multifocal, bilateral, poorly defined nodular densities that measure 

5 to 10 mm in greatest dimension and may coalesce to form 
more extensive areas of consolidation

 n  Pleural effusions are uncommon
 n  Some survivors of VZV pneumonia show persistent parenchymal 

nodules that mineralize and persist as small (2–3 mm) calcifica-
tions, predominantly in the lower zones of the lungs 

Prognosis and Therapy
 n  Intravenous acyclovir is recommended for use in all patients 

for whom the risk of disseminated disease is particularly likely 
or unpredictable, including patients with leukemia, bone mar-
row transplant recipients, and severely immune-suppressed 
persons

 n  Other treatments include valacyclovir, penciclovir, famciclovir, and 
varicella-zoster immune globulin.
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and pulmonary infarcts are frequent terminal events. Hema-
topoietic cell transplant recipients may present with signs 
of visceral dissemination and pneumonia 1 to 4 days before 
the localized cutaneous eruption of herpes zoster appears, 
and lower respiratory tract disease has been described in the 
absence of skin lesions, particularly in neonates and bone 
marrow transplant recipients. 

radiologiC Features

The lungs show multifocal, bilateral, poorly defined 
nodular densities that measure 5 to 10 mm in greatest 
dimension. These opacities may coalesce to form more 
extensive areas of consolidation. Hilar adenopathy may 
also occur, but pleural effusions are uncommon. Some 
patients who survive VZV pneumonia show persistent 
parenchymal nodules that may mineralize and persist as 

small (2–3 mm) calcifications, predominantly in the lower 
zones of the lungs.

PathologiC Features

Gross FindinGs

The lungs of patients with fatal VZV pneumonia are two 
to three times heavier than normal, firm, and plum colored. 
There are often multiple necrotic and hemorrhagic lesions on 
the visceral and parietal pleura that resemble the pox lesions 
of skin. The trachea and bronchi are generally edematous 
and erythematous with occasional vesicles on the muco-
sal surfaces, and there may be lobular consolidation of the 
lungs, as well as randomly distributed hemorrhagic lesions. 

Microscopic FindinGs

The lungs show interstitial pneumonitis and diffuse miliary 
foci of necrosis and hemorrhage in the pulmonary parenchyma 
involving alveolar walls, blood vessels, and bronchioles (Fig. 
13.7A and B). Other findings can include intraalveolar collec-
tions of edema, fibrin, or hemorrhage; diffuse alveolar dam-
age; and septal edema. Virally infected cells with intranuclear 
inclusions may be identified in respiratory epithelial cells of 
the trachea and bronchi, pneumocytes, interstitial fibroblasts, 
or capillary endothelium. Eosinophilic intranuclear inclu-
sions and multinucleated syncytial cells may be difficult to 
locate, but are best identified at the edges of necrotic foci (Fig. 
13.7B). In cases of disseminated disease, similar necrotizing 
hemorrhagic lesions and occasional viral cytopathic changes 
in epithelial cells or fibroblasts may be observed in many 
other tissues and organs. 

anCillary studies

Because pulmonary symptoms most often occur several days 
after the onset of the characteristic rash of varicella, a patho-
logic diagnosis is seldom required for a real-time diagnosis 
of VZV pneumonia. Antigen detection kits using fluorescein-
conjugated VZV monoclonal antibodies can be helpful for 
rapid diagnosis of cutaneous VZV infection. Antibodies are 
also commercially available for IHC detection of VZV in tis-
sue specimens (Fig. 13.7C). Some commercial laboratories 
offer PCR amplification to detect viral nucleic acid in clinical 
specimens. Isolation of the virus in cell culture remains the 
reference standard for the diagnosis of VZV. Infectious VZV 
is usually recoverable from the clear fluid of cutaneous vesi-
cles of varicella for approximately 3 days after the appearance 
of these lesions and for approximately 1 week from herpes 
zoster lesions. Under electron microscopy, VZV has an ico-
sahedral nucleocapsid that is indistinguishable in appearance 
from other herpesviruses. The enveloped viral particle is pleo-
morphic to spherical in shape and 180 to 200 nm in diameter. 

VARICELLA ZOSTER VIRUS—PATHOLOGIC FEATURES

Gross Findings
 n  Trachea and bronchi are generally edematous and erythematous 

with occasional vesicles or ulcers on the mucosal surfaces
 n  The lungs are generally two to three times heavier than normal, 

firm, and “plum colored”
 n  There are often multiple necrotic and hemorrhagic lesions on the 

pleura and in the lung parenchyma that resemble the pox lesions 
of skin 

Microscopic Findings
 n  Interstitial pneumonitis and diffuse miliary foci of necrosis and 

hemorrhage in the pulmonary parenchyma
 n  Other findings may include alveolar collections of edema, fibrin, or 

hemorrhage, diffuse alveolar damage, and septal edema
 n  Virally infected cells with intranuclear inclusions may be identified 

in respiratory epithelial cells of the trachea and bronchi, pneumo-
cytes, interstitial fibroblasts, or capillary endothelium

 n  Eosinophilic intranuclear inclusions and multinucleated syncytial 
cells may be difficult to locate but are best identified at the edges 
of necrotic foci

 n  In disseminated disease, similar necrotizing hemorrhagic lesions 
and occasional viral cytopathic changes are observed in other 
tissues and organs 

Immunohistochemical Features
 n  IHC testing of formalin-fixed tissues is a sensitive method to 

confirm VZV infection and distinguish it from other viral infections, 
particularly HSV 

Ultrastructural Features
 n  The enveloped viral particle is pleomorphic to spherical and 180 

to 200 nm in diameter
 n  Viral particles are located within the nuclei of infected cells 

Pathologic Differential Diagnosis
 n  HSV (histology is identical)
 n  Adenoviruses, measles, and CMV
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FIG. 13.7

Varicella zoster virus (VZV) pneumonia. (A) Extensive necrosis and hemorrhage in a patient with fatal VZV pneumonia. (B) Amphophilic intranuclear inclusions 
(arrow) in VZV-infected cells at the edge of a necrotic focus. (C) Immunohistochemical staining of VZV antigens in the pulmonary parenchyma of patient with fatal 
VZV pneumonia. In the lungs, VZV infects many cell types, including respiratory epithelium, pneumocytes, endothelial cells, and fibroblasts.
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diFFerential diagnosis

The histopathologic appearance of VZV pneumonia most 
closely resembles disease caused by HSV with respect to the 
general pattern of lung injury (eg, multicentric, necrotizing, 
and hemorrhagic lesions) and to the appearance of the glassy 
intranuclear inclusions. 

Prognosis and theraPy

The U.S. incidence of varicella pneumonia declined markedly 
since universal childhood vaccination for varicella was imple-
mented in 1995. Vaccine efficacy at preventing severe disease 
is approximately 97%. Untreated adult varicella pneumonia is 
fatal in approximately 10% of cases, but mortality is as high 
as 25% to 40% in certain high-risk cohorts, including preg-
nant women, transplant recipients, and neonates. Intravenous 
acyclovir is recommended for use in all patients for whom the 
risk of disseminated disease is particularly high or unpredict-
able, including patients with leukemia, bone marrow trans-
plant recipients, and severely immune-suppressed persons. 
Other treatments include valacyclovir, penciclovir, famciclo-
vir, and varicella zoster immune globulin. 

 n INFLUENZA VIRUSES

Influenza viruses belong to the Orthomyxoviridae family 
and include the two important influenza viruses, types A and 
B, which are associated with significant human disease. All 
influenza viruses have a segmented, negative-sense RNA 
core surrounded by a lipid envelope. Influenza A viruses are 
further classified into subtypes based on the antigenicity of 
their hemagglutinin (HA) and neuraminidase (NA) surface 
glycoproteins. Only one type of HA and one type of NA are 
recognized for influenza B. Influenza A occurs in both pan-
demic and interpandemic forms. The epidemiologic pattern 
of influenza in humans is related to two types of antigenic 
variation of its envelope glycoproteins, namely, antigenic 
drift and antigenic shift. Fortunately, pandemics, defined as 
worldwide outbreaks of severe disease, occur infrequently 
and result from antigenic shift and emergence of new poten-
tially pandemic influenza A viruses that possess a novel HA 
alone or in combination with a novel NA. Since 1900, there 
have been four pandemic events, the most recent of which 
occurred in 2009 with influenza A H1N1 that emerged in 
North America and spread globally. However, since late 
2010 this virus is considered to be in the post-pandemic 
phase with disease activity at seasonal levels. Interpandemic 
influenza occurs virtually every year as a result of antigenic 
drift resulting from point mutations in the surface glycopro-
teins and emergence of new strains related to those circulat-
ing in previous epidemics. This enables the virus to evade 

the immune system, leading to repeated outbreaks during 
interpandemic years.

CliniCal Features

Influenza viruses are spread person to person primarily 
through the coughing and sneezing of infected persons. The 

INFLUENZA—FACT SHEET

Definition
 n  Influenza viruses belong to the Orthomyxoviridae family and 

include the two important influenza virus types, A and B, which 
are associated with significant human disease

 n  All influenza viruses have a segmented, negative-sense RNA core 
surrounded by a lipid envelope

 n  Influenza A viruses are further classified into subtypes based on 
the antigenicity of their HA and NA surface glycoproteins

 n  There are 16 recognized HA subtypes and 9 NA subtypes of 
influenza A virus

 n  Only one type of HA and one type of NA are recognized for  
influenza B 

Incidence and Location
 n  Worldwide distributions
 n  Influenza A occurs in both pandemic and interpandemic forms 

Morbidity and Mortality
 n  Seldom fatal in the immunocompetent host, and recovery is  

usually complete
 n  Mortality and risk for complications from influenza are higher 

among persons aged 65 years or older, young children, and 
persons of any age with certain underlying health conditions

 n  Secondary bacterial pneumonias with organisms such as Strep-
tococcus pneumoniae, Group A streptococcus, S. aureus, and 
Haemophilus influenzae may occur as a complication 

Gender, Race, and Age Distribution
 n  People of all ages are vulnerable to influenza pneumonia
 n  No recognized gender or racial predilection 

Clinical Features
 n  Spread primarily through the coughing and sneezing of infected 

persons
 n  Typical incubation period is 1 to 4 days
 n  Uncomplicated influenza illness is characterized by the abrupt 

onset of fever, myalgia, headache, malaise, nonproductive cough, 
sore throat, and rhinitis 

Radiologic Features
 n  Unilateral or bilateral consolidation of the lungs
 n  Rarely associated with pleural effusions 

Therapy and Prevention
 n  Vaccination is an important preventive strategy
 n  Supportive therapy, such as bed rest, oral hydration, and antipyretics
 n  Antivirals such as oseltamivir, zanamivir, and amantadine may be 

helpful early in the course of infection
 n  Specific antibiotic therapy in cases with secondary bacterial infection
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typical incubation period is 1 to 4 days. Adults can be infec-
tious from the day before symptoms begin through approxi-
mately 5 days after illness onset. Children can be infectious 
for 10 or more days, and young children can shed virus for 
several days before their illness onset. Severely immuno-
compromised persons can shed virus for weeks or months. 
Respiratory illness caused by influenza is difficult to distin-
guish from illnesses caused by other respiratory pathogens 
on the basis of symptoms alone. Uncomplicated influenza 
illness is characterized by the abrupt onset of constitutional 
and respiratory signs and symptoms, including fever, myal-
gia, headache, malaise, nonproductive cough, sore throat, 
and rhinitis. Among children, otitis media, nausea, and 
vomiting are also commonly reported. Influenza typically 
resolves after 3 to 7 days in most patients, although cough 
and malaise can persist for more than 2 weeks. Pandemic 
2009 H1N1 resulted in illness ranging from mild to severe 
and fatal, with over 12,000 deaths and estimates of over 

60 million cases in the United States from 2009 to 2010. 
Complications include secondary bacterial pneumonias, 
febrile seizures, and, uncommonly, encephalopathy, trans-
verse myelitis, Reye syndrome, myositis, myocarditis, and 
pericarditis. The risks for complications, hospitalizations, 
and deaths from influenza are higher among persons aged 65 
years or older, young children, and persons of any age with 
certain underlying health conditions than among healthy 
older children and younger adults. 

radiologiC Features

The main findings include unilateral or bilateral patchy con-
solidation of the lungs, which may progress to confluent 
lung disease. Pleural effusions are uncommon.

PathologiC Features

Gross FindinGs

Lungs in influenza virus pneumonia not associated with 
a bacterial infection can have different degrees of hem-
orrhage and edema. Airways can be filled with varying 
amounts of exudate, and the mucosae of the trachea and 
large bronchi are hyperemic and swollen. Cross-sections 
of the lungs show a more or less granular appearance, in 
which the lower lobes are more affected than the upper 
lobes. The gross pathologic features in secondary infections 
depend largely on the specific microbial (usually bacterial) 
pathogen involved. The mucosae of the large airways can 
demonstrate hyperemia, hemorrhages, or purulent necrotic 
debris. In the lungs, the extent of the pathologic process in 
the lower lobes is generally greater than the upper and may 
include consolidation, abscesses, hemorrhages, and empy-
ema. Secondary inflammation in the regional lymph nodes 
may be present. Purulent mediastinitis and pericarditis may 
also be found in some cases. 

Microscopic FindinGs

The histopathologic features of nonfatal and fatal influ-
enza include necrotizing bronchitis, diffuse alveolar dam-
age, hemorrhage, edema, and thrombi. The pathology is 
more prominent in larger bronchi, and inflammation may 
vary in intensity (Fig. 13.8A–C). Viral inclusions cannot be 
identified by light microscopy (Fig. 13.8F). Secondary bac-
terial infections with organisms such as Streptococcus pneu-
moniae, Group A streptococcus, S. aureus, and Haemophilus 
influenzae may occur as a complication in about 50% to 75% 
of fatal cases and make it difficult to recognize the patho-
logic changes associated with the primary viral infection 
(Fig. 13.10C). The histopathologic features in other organs 
may include myocarditis, cerebral edema, rhabdomyolysis, 
and hemophagocytosis (Fig. 13.9A and B).

INFLUENZA—PATHOLOGIC FEATURES

Gross Findings
 n  Airways show hyperemia, hemorrhage, and edema and may be 

filled with exudate
 n  Cross-sections of the lungs have a granular appearance, in which 

the lower lobes are more affected than the upper lobes
 n  Gross pathologic features in secondary infections depend largely 

on the specific microbial (usually bacterial) pathogen involved 
and include consolidation, abscess formation, hemorrhage, and 
empyema 

Microscopic Findings
 n  Necrotizing bronchitis and tracheitis
 n  Diffuse alveolar damage
 n  Thrombi
 n  Hemorrhage
 n  Edema
 n  Viral inclusions cannot be identified by light microscopy 

Immunohistochemical Features
 n  IHC is extremely valuable for confirming infection
 n  Influenzaviral antigens are usually sparse and are primarily seen in 

the epithelial cells of larger airways
 n  In H1N1 influenza antigens are frequently noted in the lower 

airways in type I and type II pneumocytes
 n  Antigens are more readily identified in patients who die within 3 

to 4 days of onset of illness 

Ultrastructural Features
 n  Viral particles are pleomorphic (filamentous and spherical)
 n  A 10- to 12-nm layer of HA (rod-shaped) and NA (mushroom-

shaped) spikes project radially from the surfaces of the influenza 
A and B viruses 

Pathologic Differential Diagnosis
 n  A large number of viral, rickettsial, and bacterial infections, as well 

as noninfectious diseases, may have similar histologic features
 n  Unequivocal diagnosis can be made by laboratory tests such as 

viral culture, direct fluorescent antibody and rapid antigen assays, 
serology and IHC
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Unlike mammalian influenza viruses, avian virus H5N1 
preferentially infects cells in the lower respiratory tract of 
humans, resulting in extensive damage of the lungs with 
minimal pathology in the upper respiratory tract (Fig. 
13.9C). This may explain why the H5N1 avian influenza 
virus is so lethal to humans but so difficult to spread from 
person to person. Studies show that the avian virus prefer-
entially binds to the α-2,3 galactose receptors, which are 
found only in and around the alveoli. This is in contrast to 
the mammalian influenza viruses, which preferentially bind 

to the α-2,6 receptors, which are found throughout the respi-
ratory tract from the nose to the lungs. 

anCillary studies and diFFerential 
diagnosis

Because of the absence of any characteristic viral inclu-
sions and because the overall pathologic features of 
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FIG. 13.8

Influenza. (A) Trachea from a child with fatal influenza B showing extensive vascular congestion and a predominantly mononuclear inflammatory cell infiltrate 
in the lamina propria and submucosa. (B) Interstitial pneumonitis in a patient with fatal influenza B. (C) Extensive ulceration of respiratory epithelium in a large 
airway of a patient with fatal influenza B. The lamina propria shows necrosis and mixed inflammatory cell infiltrates. (D and E) Immunohistochemical staining of 
influenza B virus in the respiratory epithelium of bronchioles. (F and G) Extensive infection of respiratory epithelial cells of a small airway by influenza A virus. This 
same focus of extensively infected respiratory epithelium, readily apparent by an immunohistochemical stain for hemagglutinin antigens (G) demonstrates that, 
unlike many other viral respiratory pathogens, influenza viruses do not elicit specific cytopathic effects in infected cells.
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FIG. 13.9

Influenza. (A) Hemophagocytosis in a peribronchial lymph node in a patient with fatal influenza B. (B) Focus of myocyte necrosis accompanied by a mixed inflam-
matory cell infiltrate in the heart of a patient with fatal influenza B. (C) Diffuse alveolar damage in a patient with fatal avian influenza (H5N1) showing extensive 
hyaline membrane formation and congestion. (D) Influenza virus A (H5N1) antigens in the nucleus of a pneumocyte of a patient with fatal avian influenza. Unlike 
other influenza viruses that cause disease in humans, H5N1 preferentially infects alveolar epithelial cells, and causes relatively minimal pathology in the upper 
respiratory tract.
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influenza may resemble other viral, rickettsial, and cer-
tain bacterial infections, an unequivocal diagnosis can be 
made only by laboratory tests such as viral culture, direct 
fluorescent antibody and rapid antigen assays, serology, 
IHC, and ISH. IHC and ISH assays can demonstrate viral 
antigens and nucleic acids in epithelial cells of small air-
ways (Fig. 13.8D–G) and in type I and II pneumocytes 
and glands of large conducting airways with H1N1 (Fig. 
13.10E and F). Antigens are more readily identified in 
patients who die within 3 to 4 days of onset of illness. 

Prognosis and theraPy

Vaccination is an important strategy in the prevention of influ-
enza virus infections. Seasonal influenza is seldom fatal in the 
immunocompetent host, and recovery is usually complete. Sup-
portive management with bed rest, hydration, and antipyretics 
is the basis of treatment. Antiviral agents may be helpful early 
in the course of illness. NA, a major antigenic determinant of 
influenza viruses, catalyzes the cleavage of glycosidic linkages 
to sialic acid and the release of progeny virions from infected 
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FIG. 13.10

Influenza–pandemic influenza H1N1. (A and B) Histopathologic changes associated with the various phases of diffuse alveolar damage are commonly observed 
in lungs of patients with H1N1 influenza and relate to interval between onset of disease and time of tissue sampling. The changes include fibrin and acute inflam-
mation with intraalveolar hemorrhage (A) and extensive hyaline membrane formation with congestion and edema (B). (C) Bacterial coinfections are common, 
and indicated by the presence of a neutrophilic bronchopneumonia, such as in this fatal case with Streptococcus species coinfection. (D) IHC highlighting viral 
antigens in airway epithelium and within sloughed and necrotic luminal contents. (E and F) IHC highlighting influenza virus A H1N1 nucleoprotein antigens localize 
to the nuclei and cytoplasm of type I and type II pneumocytes (E) and submucosal glands of large conducting airways (F).
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cells. Accordingly, it has become an important target for drug 
inhibitors such as oseltamivir and zanamivir. The M2 surface 
component and channel of influenza A (not present in influenza 
B virus) regulates the internal pH of the virus and is blocked by 
the antiviral drug amantadine. 

 n MEASLES VIRUS

Measles (rubeola) is an infectious, acute febrile viral illness 
characterized by upper respiratory tract symptoms, fever, 
and a maculopapular rash. The causative agent, a member 
of the genus Morbillivirus, of the family Paramyxoviridae, 
is an enveloped virus that contains a negative-sense, single-
stranded RNA genome. Measles has a worldwide distribu-
tion. Although still a significant problem in underdeveloped 
countries, measles infection became uncommon in the United 
States after the development and widespread use of an effec-
tive measles vaccine. However, a recrudescence of measles 
infection occurred in several large U.S. urban centers in recent 
years, associated with reduced use of the vaccine among 
children and young adults. This trend resulted in over 600 
confirmed cases in 2014, a record number since 2000 when 
measles elimination was documented in the United States.

CliniCal Features

Measles virus is highly contagious and is spread by aerosols 
and droplets from respiratory secretions of acute cases. Chil-
dren are usually infected by 6 years of age, resulting in lifelong 
immunity, and almost all adults are immune either from vacci-
nation or exposure. Clinical infection in children younger than 
9 months of age is generally uncommon because of passive 
protection afforded the infant by the transfer of maternal anti-
bodies, although occasional infections have occurred in this age 
group. A person with acute measles is infective from just before 
the onset of symptoms to the end of fever. After an incubation 
period of about 1 to 2 weeks, the prodromal phase of measles 
begins with fever, rhinorrhea, cough, and conjunctivitis. Koplik 
spots, which are small, irregular, red spots with a bluish-white 
speck in the center, appear on the buccal mucosa in 50% to 
90% of cases shortly before rash onset. An erythematous macu-
lopapular rash begins on the face 3 to 4 days after prodromal 
symptoms and usually spreads to the trunk and extremities. The 
symptoms gradually resolve, with the rash lasting for approxi-
mately 6 days, fading in the same order as it appeared. 

radiologiC Features

Chest radiographs typically show fine reticular and ground-
glass opacities, as well as nodules and patchy consolidation. 
Bronchial thickening and peribronchial opacities may also 
be observed in some patients. Pleural effusions are rare.

PathologiC Features

Gross FindinGs

In fatal cases, the lungs are heavy and show congestion, 
hemorrhage, and edema. The gross pathologic features in 

MEASLES—FACT SHEET

Definition
 n  Measles virus is a single-stranded RNA virus and a member of the 

genus Morbillivirus, of the family Paramyxoviridae 

Incidence and Location
 n  Highly communicable disease of worldwide distribution
 n  A significant problem in underdeveloped countries
 n  Uncommon infection in the United States after the widespread 

use of the vaccine, but recent recrudescence particularly among 
unvaccinated populations 

Morbidity and Mortality
 n  The most common complications are secondary bacterial pneu-

monia and otitis media
 n  Death occurs in about 1 of every 1,000 patients with measles, 

and about 1 out of every 1,000 patients develops acute encepha-
litis that can result in permanent brain damage

 n  The risk of death and other complications is substantially increased 
in infants, malnourished and immunocompromised individuals, 
persons with underlying illnesses, and nonimmunized populations 

Gender, Race, and Age Distribution
 n  Infection in children younger than 9 months of age is uncommon 

because of passive protection from immune mothers
 n  Children (nonvaccinated) are usually infected by 6 years of age
 n  Natural infection results in lifelong immunity, and almost all adults 

are immune either due to exposure or vaccination
 n  No recognized gender or racial predilection 

Clinical Features
 n  Typical incubation period is 1 to 2 weeks
 n  Brief prodrome characterized by fever, rhinorrhea, cough, and 

conjunctivitis
 n  Koplik spots can be seen in the buccal mucosa shortly before 

rash onset
 n  An erythematous maculopapular rash begins on the face 3 to 4 

days after prodromal symptoms and usually spreads to the trunk 
and extremities

 n  The rash lasts for approximately 6 days, fading in the same order 
as it appeared 

Radiologic Features
 n  Fine reticular and ground-glass opacities in the lungs
 n  Nodules and patchy consolidation throughout the lungs may be seen
 n  Rarely associated with pleural effusions 

Prognosis and Therapy
 n  Recovery is rapid and complete in most cases
 n  Supportive therapy is administered, such as bed rest, oral hydra-

tion, and antipyretics
 n  Immune globulins can be useful if treatment is given early in the 

infection
 n  Vaccination can also be helpful if given within 3 days of exposure
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secondary infections depend largely on the specific micro-
bial (usually bacterial) pathogen involved. 

Microscopic FindinGs

A focal or generalized interstitial pneumonitis, similar to 
that seen in many other viral infections, is seen in the lungs 
of measles patients. Histopathologic features include vari-
ous degrees of peribronchial and interstitial mononuclear 
cell infiltrates, squamous metaplasia of bronchial endothe-
lium, proliferation of type II pneumocytes, and intraalveo-
lar edema, with or without mononuclear cell exudates and 
hyaline membranes. Secondary changes created by bacterial 
or viral superinfection or organizational changes may alter 
the original pathology. The hallmark of the disease is the for-
mation of multinucleated epithelial giant cells. These cells, 
which are often numerous, are formed by fusion of bronchio-
lar or alveolar lining cells (Fig. 13.11A). These cells generally 
contain characteristic nuclear and cytoplasmic inclusions. 
The intranuclear inclusions are homogenous, eosinophilic, 
and surrounded by a slight indistinct halo (Fig. 13.11B). 
The cytoplasmic inclusions are deeply eosinophilic and may 
form large masses with a “melted tallow” appearance (Fig. 
13.11B). These giant cells may undergo degenerative changes 
with progressive loss of cytoplasm, increasing basophilia, and 
shrinkage of nuclei. The presence of measles virus in these 
giant cells may be demonstrated by immunofluorescence, 

IHC, and ISH techniques (Fig. 13.11C). These giant cells can 
also be seen in extrapulmonary tissues. 

anCillary studies

Laboratory confirmation is useful to avoid possible confu-
sion with other rash-causing illnesses. Diagnostic laboratory 
procedures consist of either direct detection of the virus or 
viral antigens, usually by indirect immunofluorescence or by 
serologic methods using hemagglutination inhibition, neu-
tralization, or EIA. Specimens for serologic testing consist 
of acute- and convalescent-phase serum pairs. The presence 
of specific IgM antibody can be used to diagnose recent 
infection. IHC and ISH can be performed on tissue speci-
mens. Ultrastructurally, measles virions are pleomorphic, 
generally spherical, enveloped particles from 120 to 250 
nm in diameter, with a lipid envelope surrounding a helical 
nucleocapsid composed of RNA and protein. 

diFFerential diagnosis

In typical cases, the diagnosis of measles can usually be made 
on the basis of clinical signs and symptoms. Other causes of 
a similar rash, but without other features of measles, include 
rubella, dengue virus, enteroviruses (EVs), and drug reac-
tions, especially to ampicillin. The histologic diagnosis is 
facilitated by the identification of the characteristic giant cells 
in a setting of interstitial pneumonitis. These giant cells are 
not seen in all cases of measles pneumonia, however, and their 
absence should not exclude the diagnosis. Furthermore, other 
viral pathogens, such as RSV, parainfluenza, metapneumo-
virus, VZV, and the recently discovered henipaviruses, may 
also give rise to pneumonias with giant cells and should be 
considered in the differential diagnosis. IHC or ISH testing 
can demonstrate viral antigens or nucleic acids in the majority 
of cases, assisting in the histologic diagnosis. 

Prognosis and theraPy

Supportive therapy, such as bed rest, oral hydration, and 
antipyretics, usually produces rapid and complete recovery. 
Immune globulins can be useful if treatment is given early 
in the infection. Vaccination can also be helpful in the treat-
ment regimen if given within 3 days of exposure. In a smaller 
number of patients, complications can arise as a result of 
continued and progressive virus replication, bacterial or viral 
superinfections, or abnormal host immune response. The most 
common complications are secondary bacterial pneumonia 
and otitis media. In these settings, specific antibiotic therapy 
is administered. Other complications include febrile con-
vulsions, encephalitis, liver function abnormalities, chronic 

MEASLES—PATHOLOGIC FEATURES

Gross Findings
 n  Lungs are typically heavy, congested, hemorrhagic, and edematous
 n  Gross findings in cases with secondary infections depend largely on 

the specific microbial (usually bacterial) pathogen involved and may 
include consolidation, abscess formation, hemorrhage, and empyema 

Microscopic Findings
 n  Interstitial pneumonitis with mononuclear cell infiltrates
 n  Diffuse alveolar damage
 n  Multinucleated giant cells with characteristic nuclear and cytoplas-

mic inclusions 

Immunohistochemical Features
 n  Measles antigens can be detected in giant cells and alveolar  

lining cells 

Ultrastructural Features
 n  Measles virions are pleomorphic, generally spherical, enveloped 

particles from 120 to 250 nm in diameter
 n  A lipid envelope surrounds a helical nucleocapsid composed of 

RNA and protein 

Pathologic Differential Diagnosis
 n  Other viral pathogens that can cause giant cell pneumonia, such 

as RSV, parainfluenza, metapneumovirus, VZV, and henipaviruses
 n  Unequivocal diagnosis can be made by laboratory tests such as 

viral culture, direct fluorescent antibody and rapid antigen assays, 
serology, and IHC
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FIG. 13.11

Measles pneumonia. (A) Generalized interstitial pneumonitis with hemorrhage, edema and fibrin from a fatal measles pneumonia case. Numerous multinucle-
ated giant cells are seen and frequently line the alveoli, although some are found free within alveolar spaces. (B) High-power view of multinucleated epithelial 
syncytial cells showing numerous eosinophilic cytoplasmic (arrows) and intranuclear inclusions (arrowheads). Intranuclear inclusions are surrounded by a slight 
clear halo. (C) Viral antigens in cytoplasm of syncytial cells as seen by immunohistochemical staining. The multinucleated giant cells can be seen to originate by 
fusion of infected alveolar lining epithelial cells.
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diarrhea, and sinusitis. Several pulmonary and central nervous 
system syndromes that are often fatal have been described. 
Death occurs in about 1 of every 1,000 measles cases; how-
ever, the risk of death and other complications is substantially 
increased in infants, malnourished and immunocompromised 
individuals, persons with underlying illnesses, and nonimmu-
nized populations in underdeveloped countries. 

 n HUMAN PARAINFLUENZA VIRUSES

Human parainfluenza viruses (HPIVs) are second only to RSV 
as a cause of lower respiratory tract disease in young children. 
HPIVs are negative-sense, nonsegmented, single-stranded, 
enveloped RNA viruses that possess fusion and hemagglu-
tinin-neuraminidase glycoprotein “spikes” on their surface. 
The four serotypes of HPIV belong in the family Paramyxo-
viridae, subfamily Paramyxovirinae, and genera Respirovirus 
(HPIV-1 and -3) and Rubulavirus (HPIV-2 and -4).

CliniCal Features

HPIVs are spread from respiratory secretions through close 
contact with infected persons or contact with contaminated 
surfaces or objects. Infection can occur when infectious mate-
rial contacts mucous membranes of the eyes, mouth, or nose, 
and possibly through the inhalation of droplets generated by a 
sneeze or cough. HPIVs are ubiquitous and infect most people 
during childhood. Serologic surveys have shown that 90% to 
100% of children aged 5 years and older have antibodies to 
HPIV-3, and about 75% have antibodies to HPIV-1 and -2. 
The different HPIV serotypes differ in clinical presentations, 
with HPIV-1 and HPIV-2 most frequently associated with out-
breaks of croup and HPIV-3 more often associated with bron-
chiolitis and pneumonia. HPIV-4 is infrequently detected, 
possibly because it is less likely to cause severe disease. The 
incubation period is generally from 1 to 7 days. The HPIVs 
can also cause repeated infections throughout life, usually 
manifested by an upper respiratory tract illness (cold and sore 
throat). Serious lower respiratory tract disease (eg, pneumo-
nia, bronchitis, and bronchiolitis) can also occur with repeat 
infection, especially among the elderly and among patients 
with compromised immunity. Nosocomial acquisition can 
occur in high rates in hospital settings, and thus strict preven-
tion and control measures are advisable. 

radiologiC Features

The main findings associated with HPIV pneumonia include 
diffuse interstitial opacities, bronchial wall thickening, and 
peribronchial consolidation. Infection is rarely associated 
with pleural effusions.

PathologiC Features

Gross FindinGs

In fatal cases, the lungs are typically heavy and display 
congestion, hemorrhage, and edema. 

Microscopic FindinGs

In patients with severe HPIV infection, multinucleated 
giant cells derived from the respiratory epithelium may be 
seen in association with an interstitial pneumonitis, diffuse 

HUMAN PARAINFLUENZA VIRUSES—FACT SHEET

Definition
 n  The causative agents are negative-sense, nonsegmented, single-

stranded, enveloped RNA viruses of the family Paramyxoviridae
 n  Four serotypes exist: HPIV-1 and 3 are included in the genus 

Respirovirus, and HPIV-2 and through HPIV-4 are included in the 
genus Rubulavirus 

Incidence and Location
 n  Highly communicable disease of worldwide distribution
 n  Activity varies with serotype: HPIV-1 and 2 peak in the fall, HPIV-3 

peaks in the spring and summer, and HPIV-4 is infrequently 
detected (less likely to cause severe illness)

 n  Common cause of upper respiratory illness, but an uncommon 
cause of lower respiratory tract disease 

Morbidity and Mortality
 n  The highest rates of serious HPIV respiratory illnesses occur 

among young children
 n  HPIV infections are also an important cause of severe morbidity 

and mortality in immunocompromised adults 

Gender, Race, and Age Distribution
 n  HPIVs infect most people by 5 years of age and can cause 

repeated infections throughout life
 n  No recognized gender or racial predilection 

Clinical Features
 n  Usually manifests as an upper respiratory illness (cold, sore throat, 

and croup) with a typical incubation period of 1 to 7 days
 n  Less commonly presents with symptoms of a lower respiratory 

illness (pneumonia, bronchitis, and bronchiolitis) in elderly or 
immunosuppressed patients 

Radiologic Features
 n  Interstitial opacities, bronchial wall thickening, and peribronchial 

consolidation
 n  Rarely associated with pleural effusions 

Prognosis and Therapy
 n  Recovery is rapid and complete in most cases
 n  Supportive management with bed rest, oral hydration, and anti-

pyretics
 n  Aerosolized ribavirin can be used in immunosuppressed patients 

with severe illness



PULMONARY PATHOLOGY272

alveolar damage, bronchiolitis, and organizing changes (Fig. 
13.12A–C). These giant cells, which may contain intracy-
toplasmic eosinophilic inclusions (Fig. 13.12B), have also 
been reported in extrapulmonary tissues such as kidney, 
bladder, and pancreas. 

anCillary studies

Diagnosis of infection with HPIVs can be made by virus 
isolation, direct detection of viral antigens by EIA or 
indirect fluorescent antibody (IFA) in clinical specimens, 
detection of viral RNA by RT-PCR, demonstration of a 
rise in specific serum antibodies, or a combination of these 
approaches. HPIV infections of lung can be confirmed by 
IHC testing of formalin-fixed tissues (Fig. 13.12D and 
E); viral antigens can be detected in giant cells, pneu-
mocytes, and respiratory epithelial cells. Ultrastructural 
studies demonstrate variably shaped virions of varying 
size (ranging from 150–300 nm), with a lipid envelope 
surrounding a helical nucleocapsid composed of RNA and 
protein (Fig. 13.12F). 

diFFerential diagnosis

Other viral causes of giant cell pneumonia, including mea-
sles and RSV, should be considered in the histopathologic 
differential diagnosis, and laboratory testing, including IHC, 
can be useful in determining the correct diagnosis. 

Prognosis and theraPy

Most HPIV infections cause a mild, self-limited illness. 
The highest rates of serious HPIV illnesses occur among 
young children. HPIV infections are also being increasingly 
recognized as an important cause of severe morbidity and 
mortality in immunocompromised adults. The mortality of 
bone marrow transplant patients with HPIV-3 infection has 
been reported to be as high as 60%. Supportive management 
with bed rest, oral hydration, and antipyretics is the basis of 
treatment. Aerosolized ribavirin has shown some efficacy in 
the treatment of severe cases of HPIV infection. There is no 
approved vaccine for HPIV, though several vaccinations are 
being evaluated in clinical trials. 

 n RESPIRATORY SYNCYTIAL VIRUS

RSV is a negative-sense, nonsegmented, single-stranded, 
enveloped RNA virus. RSV is a member of the family Para-
myxoviridae and can be further distinguished genetically and 
antigenically into two subgroups, A and B. The subgroup A 
strains are usually associated with more severe infections.

CliniCal Features

RSV is the most common cause of bronchiolitis and pneu-
monia among infants and children under 1 year of age. In 
temperate climates, RSV infections usually occur during 
annual community outbreaks, often lasting several months, 
during the late fall, winter, or early spring months. The tim-
ing and severity of outbreaks in a community vary from year 
to year. RSV spreads efficiently during the annual outbreaks, 
infecting as many as 50% of children in their first year of life. 
Most children will have serologic evidence of RSV infec-
tion by 2 years of age. Illness begins most frequently with 
fever, runny nose, cough, and sometimes wheezing. During 
their first RSV infection, between 25% and 40% of infants 
and young children have signs or symptoms of bronchiolitis 
or pneumonia, and 0.5% to 2% require hospitalization. The 
majority of children hospitalized for RSV infection are less 
than 6 months of age or are children with cyanotic congenital 
heart disease, cystic fibrosis, bronchopulmonary dysplasia, or 
immunosuppression. RSV can also cause repeated infections 

HUMAN PARAINFLUENZA VIRUSES—PATHOLOGIC FEATURES

Gross Findings
 n  Lungs can appear heavy, congested, hemorrhagic, and  

edematous 

Microscopic Findings
 n  Interstitial pneumonitis with mononuclear cell infiltrates
 n  Diffuse alveolar damage
 n  Bronchiolitis
 n  Organizing pneumonia
 n  Multinucleated giant cells with characteristic cytoplasmic  

inclusions 

Immunohistochemical Features
 n  HPIV antigens can be detected in giant cells and alveolar lining 

cells 

Ultrastructural Features
 n  The virions are variable in shape and size, ranging from 150 to 

300 nm
 n  A lipid envelope surrounds a helical nucleocapsid composed of 

RNA and protein
 n  The virus is morphologically indistinguishable from other mem-

bers of the Paramyxoviridae family when viewed by negative 
contrast electron microscopy 

Pathologic Differential Diagnosis
 n  Other viral pathogens that can cause giant cell pneumonia, 

such as measles, RSV, metapneumovirus, VZV, and  
henipaviruses

 n  Unequivocal diagnosis can be made by laboratory tests such as 
viral culture, direct fluorescent antibody and rapid antigen assays, 
serology, and IHC
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throughout life, and severe lower respiratory tract disease may 
occur at any age, especially among the elderly or among those 
with compromised cardiac, pulmonary, or immune systems. 

radiologiC Features

Children with RSV infection most commonly show multifo-
cal airspace consolidation and peribronchial thickening. In 

adults, disease is characterized by bilateral interstitial opaci-
ties and multifocal consolidations.

PathologiC Features

Gross FindinGs

Large and small airways can contain necrotic debris and 
mucus and may show ulceration. The lungs may be heavy 

A B
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FIG. 13.12

Parainfluenza virus pneumonia. (A) Giant cell pneumonia showing numerous syncytial cells, type II pneumocyte hyperplasia, congestion, and intraalveolar rafts of 
sloughed and necrotic pneumocytes, fibrin, and mixed inflammatory infiltrates. (B) Epithelial syncytial cells containing multiple, prominent eosinophilic cytoplasmic 
inclusions. (C and D) Bronchiolitis is common and often characterized by mild mononuclear inflammation and edema. The corresponding IHC image shows 
parainfluenza virus antigens within respiratory epithelium. (E) IHC showing abundant viral antigen within epithelial syncytial cells. (F) Negative stain of filamentous 
nucleocapsids with typical herringbone appearance extruding from a viral particle. Surface glycoproteins are visible. (F, courtesy of E. L. Palmer.)
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and diffusely firm and may show areas of hyperexpansion 
or atelectasis. 

Microscopic FindinGs

The major histopathologic changes described in fatal 
RSV infections are necrotizing bronchiolitis and interstitial 

pneumonia. Bronchiolar lumens and airways are usually filled 
with necrotic debris and inflammatory cells (Fig. 13.13C). 
Airways show mixed or predominantly mononuclear infil-
trates with hyperplastic epithelial changes (Fig. 13.13A). 
These findings may be accompanied by diffuse alveolar 
damage and secondary bacterial superinfection. Giant cell 
pneumonia is seen in some cases (Fig. 13.13D). The mul-
tinucleated giant cells represent epithelial cells in bronchi, 
bronchioles, and alveoli and sometimes contain irregular, 
intracytoplasmic, eosinophilic inclusions surrounded by a 
clear halo (Fig. 13.13E). 

anCillary studies

Diagnosis of RSV infection can be made by virus isola-
tion; direct detection of viral antigens in clinical speci-
mens by EIA, IFA, or IHC (Fig. 13.13B and F); detection 
of viral RNA by RT-PCR; or demonstration of a rise in 
RSV-specific serum antibodies. The virus is labile, and 
attempts at culture isolation are often unsuccessful if 
there is delay or mishandling of the clinical specimen. 
Ultrastructural studies reveal virions of variable shape 

RESPIRATORY SYNCYTIAL VIRUS PNEUMONIA—FACT SHEET

Definition
 n  RSV is a negative-sense, nonsegmented, single-stranded, envel-

oped RNA virus that is a member of the family Paramyxoviridae 

Incidence and Location
 n  Worldwide distribution
 n  RSV spreads efficiently among children during annual outbreaks, 

infecting as many as 50% of children in their first year of life
 n  Most children will have serologic evidence of RSV infection by 2 

years of age
 n  An estimated 0.5% to 2% of infants and young children infected 

with RSV are hospitalized
 n  Most children hospitalized for RSV infection are under 6 months 

of age or have cyanotic congenital heart disease, cystic fibrosis, 
bronchopulmonary dysplasia, or immunosuppression 

Mortality
 n  Mortality in otherwise healthy children hospitalized for RSV pneu-

monia is less than 1%
 n  RSV pneumonia is fatal in as many as 15% to 40% of patients 

with immune suppression or underlying disease
 n  Mortality is greatest in infants with congenital heart disease asso-

ciated with pulmonary hypertension, where it approaches 70% 

Gender, Race, and Age Distribution
 n  RSV is the most common cause of bronchiolitis and pneumonia 

among infants and children less than 1 year of age
 n  No recognized gender or racial predilection 

Clinical Features
 n  Fever, runny nose, cough, sometimes wheezing
 n  During their first RSV infection, between 25% and 40% of infants 

and young children have signs or symptoms of bronchiolitis or 
pneumonia

 n  RSV can cause repeated infections throughout life, usually associ-
ated with moderate-to-severe coldlike symptoms

 n  Severe lower respiratory tract disease may occur at any age, 
especially among the elderly or among those with compromised 
cardiac, pulmonary, or immune systems 

Radiologic Features
 n  Children most commonly show multifocal airspace consolidation 

and peribronchial thickening
 n  Bilateral interstitial opacities and multifocal consolidations are usu-

ally seen in adults 

Prognosis and Therapy
 n  Otherwise healthy children usually recover completely
 n  Higher mortality in specific patient groups (see earlier)
 n  The only antiviral drug with in vitro efficacy against RSV is ribavirin

RESPIRATORY SYNCYTIAL VIRUS PNEUMONIA—PATHOLOGIC 
FEATURES

Gross Findings
 n  Large and small airways can contain necrotic debris and mucus 

and may show ulceration
 n  The lungs may be heavy and firm and show areas of hyperexpan-

sion or atelectasis 

Microscopic Findings
 n  Necrotizing bronchiolitis
 n  Interstitial pneumonia
 n  Hyperplastic airway epithelium
 n  Multinucleated giant cells (in some cases) in bronchi, bronchioles, 

and alveoli that contain irregular, intracytoplasmic, eosinophilic 
inclusions surrounded by a clear halo 

Immunohistochemical Features
 n  Viral antigens in multinucleated cells and respiratory epithelial 

cells 

Ultrastructural Features
 n  The virion is variable in shape and size and ranges from 120 to 

300 nm
 n  Particles show numerous 12-nm glycoprotein spikes 

Pathologic Differential Diagnosis
 n  Other viral causes of giant cell pneumonia should be considered, 

primarily parainfluenza viruses and measles viruses
 n  Herpes simplex and VZV rarely produce multinucleated cytologic 

changes in the lung
 n  Confirmation of diagnosis is by clinical laboratory tests on IHC
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and size that range from 120 to 300 nm, with numerous 
12-nm glycoprotein spikes. 

diFFerential diagnosis

Other viral causes of giant cell pneumonia should be consid-
ered in the histopathologic differential diagnosis, primarily 
parainfluenza viruses and measles viruses. Herpes simplex 

and VZVs less commonly produce multinucleated giant cells 
in the lung. 

Prognosis and theraPy

Mortality in otherwise healthy children hospitalized for 
RSV pneumonia is less than 1%. However, the disease is 
fatal in as many as 15% to 40% of patients with immune 
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FIG. 13.13

Respiratory syncytial virus pneumonia. (A) Bronchiolar and peribronchiolar inflammation in RSV infection. (B) Viral antigens highlighted in respiratory epithelial cells 
from the same case. (C) The respiratory epithelium of a small bronchiole is multifocally necrotic, sloughs into the lumen and is accompanied by fibrin, mucus, necrotic 
cell debris and mixed inflammatory cells. Multiple epithelial syncytial cells are noted along the periphery (arrow). (D) Diffuse alveolar damage with multiple epithelial 
syncytial cells (arrows). (E) Epithelial syncytial cell with large cytoplasmic inclusion. (F) IHC highlights RSV antigens in a syncytial cell. Note cytoplasmic inclusion bodies 
(arrowheads).
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suppression or underlying disease. Mortality is greatest in 
infants with congenital heart disease and pulmonary hyper-
tension, where it approaches 70%. Palivizumab and riba-
virin are the only two therapeutic treatments. There are no 
approved vaccines available for human use. 

 n HUMAN METAPNEUMOVIRUS

Human metapneumovirus (HMPV), first identified in 2001 
from clinical specimens obtained from patients with acute 
respiratory illnesses, is a negative-sense, nonsegmented, 
single-stranded, enveloped RNA virus. HMPV has been cat-
egorized in the family Paramyxoviridae, subfamily Pneu-
movirinae, genus Metapneumovirus. HMPV can be further 
distinguished genetically and antigenically into two sub-
groups, A and B.

CliniCal Features

HMPV infection is ubiquitous and occurs during infancy 
and early childhood, with annual epidemic peaks occurring 
late in the winter and spring months in temperate regions, 
often overlapping in part or in whole with the annual RSV 
epidemic. Seroprevalence studies reveal that 25% of all 
children aged 6 to 12 months have antibodies to HMPV; 
by age 5 years, 100% of patients have evidence of past 
infection. The incubation period is generally from 2 to 8 
days. Although HMPV has been associated with a spec-
trum of respiratory disease, most infections cause a mild, 
self-limited illness, though severe disease can occur, par-
ticularly in immunocompromised patients. The patient may 
be asymptomatic, or symptoms may range from mild upper 
respiratory tract illness to severe bronchiolitis and pneu-
monia with hypotension and septic shock. During their 
first HMPV infection, about 10% to 15% of infants and 
young children have signs or symptoms of bronchiolitis or 
pneumonia. About one-half of the cases of lower respira-
tory illness in children occur in the first 6 months of life, 
suggesting that young age is a major risk factor for severe 
disease. Underlying pulmonary disease, especially asthma, 
may increase the risk of hospitalization for HMPV pneu-
monia, and persistent asymptomatic infection has been 
reported. 

radiologiC Features

Radiographic findings vary and include diffuse bilateral 
alveolar infiltrates, interstitial infiltrates with focal consoli-
dation commonly involving the lower lobes of the lung, and 
emphysema without infiltrate.

PathologiC Features

Gross FindinGs

In fatal cases, the lungs are typically heavy and display 
congestion, hemorrhage, and edema. 

HUMAN METAPNEUMOVIRUS—FACT SHEET

Definition
 n  HMPV is a negative-sense, nonsegmented, single-stranded, envel-

oped RNA virus that is a member of the family Paramyxoviridae, 
subfamily Pneumovirinae, genus Metapneumovirus

 n  HMPV can be distinguished genetically and antigenically into two 
subgroups, A and B 

Incidence and Location
 n  Worldwide distribution
 n  About 25% of all children aged 6 to 12 months and all children 

by age 5 years will have serologic evidence of HMPV infection
 n  Annual epidemic peaks occur late in the winter and spring 

months in temperate regions, often overlapping in part or in 
whole with RSV epidemics

 n  About 4% of all infant hospitalizations for acute respiratory illness 
or fever are associated with HMPV; the majority of children hospi-
talized for HMPV infection are under 6 months of age or children 
with underlying pulmonary disease, especially asthma

 n  May also contribute to severe respiratory disease in elderly or 
immunocompromised adults 

Mortality
 n  Mortality in otherwise healthy children hospitalized for HMPV 

pneumonia is less than 1%
 n  Disease may be fatal in as many as 30% to 40% of patients with 

immune suppression or underlying disease 

Gender, Race, and Age Distribution
 n  Common cause of bronchiolitis and pneumonia among infants 

under 1 year of age
 n  No recognized gender or racial predilection 

Clinical Features
 n  Most infections cause a mild, self-limited upper respiratory tract 

illness
 n  During their first HMPV infection, about 10% to 15% of out-

patient infants and young children have signs or symptoms of 
bronchiolitis or pneumonia

 n  Severe lower respiratory tract disease (bronchiolitis, pneumonia) 
may occur at any age, especially among the elderly or among 
those with compromised cardiac, pulmonary, or immune systems 

Radiologic Features
 n  Bilateral multifocal airspace consolidation and interstitial infiltrates, 

diffuse alveolar infiltrates, and emphysema without infiltrate 

Prognosis and Therapy
 n  With supportive care, most children recover from illness in 1 to 2 

weeks
 n  No licensed therapies or prophylactic treatments for HMPV
 n  The only antiviral drug shown to have in vitro efficacy against 

HMPV is ribavirin
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Microscopic FindinGs

Histopathologic descriptions are few, and assessment of the 
validity of some is complicated by the uncertainty, in some cases, 
of the clinical significance of detecting this ubiquitous virus. 
Nonetheless, BAL specimens collected from patients within a 
few days of a positive HMPV assay show degenerative changes 
and cytoplasmic inclusions within epithelial cells, multinucle-
ated giant cells, and histiocytes. The intracytoplasmic inclusions 
are ill-defined, eosinophilic structures that measure 3 to 4 μm. 
Histologic changes include necrotizing bronchiolitis, diffuse 
alveolar damage with hyaline membrane formation, chronic air-
way inflammation, intraalveolar foamy and hemosiderin-laden 
macrophages, alveolar hemorrhage, acute and organizing lung 
injury, and organizing pneumonia (Fig. 13.14A and B). In such 
cases, typical multinucleated giant cells or viral inclusions can-
not be identified. ISH studies on a limited number of human 
cases suggest infection of alveolar and bronchial epithelial cells. 

anCillary studies

HMPV is difficult to identify with commonly used viral 
diagnostic procedures. The virus replicates slowly in 

HUMAN METAPNEUMOVIRUS—PATHOLOGIC FEATURES

Gross Findings
 n  In fatal cases, the lungs are heavy and display congestion, hemor-

rhage, and edema 

Microscopic Findings
 n  Necrotizing bronchiolitis that evolves to chronic bronchiolitis 

has been described, as well as interstitial pneumonitis, acute or 
organizing diffuse alveolar damage, and increased intraalveolar 
macrophages and alveolar hemorrhage

 n  Organizing diffuse airway disease and chronic airway disease in 
patients who die later in the course of the illness

 n  BAL specimens may show multinucleated giant cells with cyto-
plasmic inclusions 

Ultrastructural Features
 n  The virion is variable in shape and size, ranging from 150 to 300 

nm, and is morphologically indistinguishable from other members 
of the Paramyxoviridae family when viewed by negative-stain 
electron microscopy 

Pathologic Differential Diagnosis
 n  Other viral causes of giant cell pneumonia, necrotizing bronchi-

olitis, and interstitial pneumonitis and diffuse alveolar damage
 n  Noninfectious causes of diffuse alveolar damage
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FIG. 13.14

Human metapneumovirus pneumonia. (A) Diffuse alveolar damage in fatal HMPV infection showing prominent type II pneumocyte hyperplasia and hyaline 
membrane formation, as well as intraalveolar hemorrhage, fibrin, and edema. (B) Prominent mononuclear interstitial pneumonitis with hyaline membrane forma-
tion and intraalveolar hemorrhage from the same case. (C) IHC highlights viral antigen in the respiratory epithelium of a small bronchiole. (D) Negative stain of 
pleomorphic viral particle with prominent surface glycoproteins. (D, courtesy of C.D. Humphrey.)
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primary and tertiary monkey kidney cell lines, and cyto-
pathic effects can be difficult to discern. Most HMPV 
studies have been conducted using RT-PCR assays or by 
demonstration of a rise in HMPV-specific serum anti-
bodies. IHC and IFA assays also exist (Fig. 13.14C). The 
enveloped virion is variable in shape and size and ranges 
from 150 to 300 nm (Fig. 13.14D). 

diFFerential diagnosis

Other viral causes of giant cell pneumonia and diffuse alveo-
lar damage, including measles, RSV, HPIV, measles, VZV, 
and HSV, may be considered, as well as noninfectious causes 
of diffuse alveolar damage. Laboratory testing, including 
IHC and ISH, can be useful in making this differentiation 
possible. 

Prognosis and theraPy

Supportive management with bed rest, oral hydration, and 
antipyretics is the basis of treatment and usually leads to 
complete recovery. There are no licensed vaccines, thera-
pies, or prophylactic treatments for HMPV at this time. Rib-
avirin and intravenous immunoglobulin, which have activity 
against RSV, were tested against HMPV in vitro and were 
found to have equivalent activity against HMPV and RSV. 

 n ENTEROVIRUSES

The Enterovirus genus within the family Picornaviridae 
includes EVs and RVs, which are nonenveloped, single-
stranded RNA viruses. Molecular and serologic character-
istics have further defined the viruses into species, each of 
which contain many types. Seven of the species are human 
pathogens and include four EV species: EV-A, EV-B, EV-C, 
and EV-D and three RV species: RV-A, RV-B, and RV-C. 
Some important pathogenic EV members include EV-A71 
and several Coxsackievirus group A (CVA) viruses within 
EV-A, Coxsackievirus group B (CVB) viruses and echo-
viruses within EV-B, polioviruses 1 to 3 and several CVA 
viruses within EV-C, and EV-D68 and EV-D70 within EV-D.

CliniCal Features

EVs are one of the leading causes of upper respiratory 
tract infection and the common cold and are associated 
with diverse clinical syndromes spanning mild illness 
to severe and potentially fatal conditions. In the United 
States EV- and RV-associated respiratory infections occur 

ENTEROVIRUSES—FACT SHEET

Definition
 n  EVs are single-stranded, nonenveloped RNA viruses that are 

members of the family Picornaviridae
 n  EV-D68 and RV are most commonly associated with respiratory 

disease 

Incidence and Location
 n  Worldwide distribution
 n  Annual epidemic peaks occur in summer and fall months in 

temperate regions
 n  May also contribute to respiratory disease in healthy or immuno-

compromised including children, elderly and adults 

Mortality
 n  Mortality is typically low, as most cases are mild and self- 

limited
 n  In some outbreaks mortality rate has reached nearly 10% 

Gender, Race, and Age Distribution
 n  Infection can occur in all ages, though neonates and infants and 

patients with chronic respiratory disease are overrepresented in 
some outbreaks

 n  No recognized gender or racial predilection 

Clinical Features
 n  Most infections cause a mild, self-limited upper respiratory tract 

illness
 n  Severe lower respiratory tract disease, bronchiolitis, and pneumo-

nia may occur at any age 

Radiologic Features
 n  Alveolar and interstitial infiltrates and patchy consolidation 

Prognosis and Therapy
 n  With supportive care, most cases are self-limiting
 n  No licensed therapies or prophylactic treatments exist for  

respiratory EVs

ENTEROVIRUSES—PATHOLOGIC FEATURES

Gross Findings
 n  Congestion, edema, and hemorrhage 

Microscopic Findings
 n  Mononuclear interstitial pneumonitis and bronchiolitis have been 

described 

Ultrastructural Features
 n  The virion is spherical to polyhedral, ranging from 24 to 30 nm; 

particles may aggregate and form crystalline arrays 

Pathologic Differential Diagnosis
 n  Other viral causes of interstitial pneumonitis and bronchiolitis
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most frequently in summer and fall months and can affect 
both healthy and immunocompromised patients, children 
and the elderly, though many reported infections occur in 
children. EV-D68 and RVs are the most common viruses 
associated with respiratory disease though other viruses, 
such as echovirus 30, CVB, EV-A71, and several EV-C 
viruses, are increasingly reported. Infections can be 
asymptomatic, mild with both upper and lower respiratory 
tract disease, or severe and life threatening. An increase 
in EV-D68 cases has been reported since 2008, including 
an outbreak in 2014 affecting more than 1,000 individuals 
across the United States. It is not entirely clear whether 
this increase is due to improved molecular identification 
and/or an increasing incidence. In addition, association 
of virus with illness can be complicated by the high prev-
alence of EVs, particularly RVs, in asymptomatic indi-
viduals. Symptoms include dyspnea, pharyngitis, cough, 
bronchiolitis, sinusitis, asthma exacerbation, wheezing, 
and pneumonia. Fever is not seen in all cases. Preexisting 
respiratory illness may be a risk factor for severe disease, 
because in some reports a large number of the patients 
have underlying respiratory illness, such as asthma or 
chronic obstructive pulmonary disease. 

radiologiC Features

Radiographic findings include perihilar and alveolar infil-
trates, patchy consolidation, pneumothorax, and atelecta-
sis. Extensive-to-patchy ground-glass opacities have been 
reported with CT scans.

PathologiC Features

Gross FindinGs

Extensive gross pathology findings from fatal cases have not 
been reported. Findings in a few cases are similar to other cases 
of viral pneumonia, with congestion, hemorrhage, and edema. 
Hyperinflation and mucus plugging has also been noted. 

Microscopic FindinGs

Similar to HMPV, histopathologic descriptions are few. 
Mononuclear bronchiolitis and interstitial pneumonitis are 
the main reported histologic findings (Fig. 13.15A–C).  
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FIG. 13.15

Respiratory enteroviruses. (A and B) Bronchiolitis and interstitial pneumonitis with scant intraalveolar edema, fibrin, and mixed inflammatory cells from a fatal 
rhinovirus case and corresponding high-magnification image showing abundant immunostaining within the same bronchiole. (C) Prominent mononuclear bron-
chitis from a fatal EV-D68 case. Note the mural eosinophilia (arrow), basement membrane thickening (arrowhead), and luminal mucus plugging consistent with 
asthma. (D) Extensive immunostaining of cells of intact and sloughed respiratory epithelium from the same case.
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Bronchiolitis obliterans with organizing pneumonia, acute 
alveolitis, and tracheobronchitis have also been reported. 
Comorbidities such as asthma and coinfections with other 
viral or bacterial pathogens can occur, and histologic changes 
are influenced by the specific agent or condition. 

anCillary studies

Diagnosis can be made by virus isolation, ISH, direct detec-
tion of viral antigens by IFA or IHC (Fig. 13.15C and D); 
detection of viral RNA by PCR assays in fresh clinical sam-
ples or formalin-fixed, paraffin-embedded tissues; or a dem-
onstrated rise in serum antibodies. Serology is not regarded 
as a reliable diagnostic tool, and PCR is often relied upon 
for a definitive diagnosis and specific virus identification. 
Systematic studies evaluating localization of EV antigens 
in tissue samples are needed. In one experimental inocula-
tion study, viral nucleic acids were noted within bronchiolar 
epithelium by ISH. Antigen has been noted in airway epithe-
lium, cells within alveoli and within alveolar macrophages, 
and bronchiolar glands in a small number of cases. 

diFFerential diagnosis

Other viral causes of interstitial pneumonitis and bronchiol-
itis, including RSV, HPIV, HMPV, and influenza virus, should 
be considered. Laboratory testing, including PCR and IHC, 
can be useful in making this differentiation possible. 

Prognosis and theraPy

Supportive management is the basis of treatment, because 
there are no specific preventative or therapeutic treatments 
for respiratory EV infections commercially available at this 
time. Ribavirin and intravenous immunoglobulin therapies 
without substantial clinical benefit have been reported. Dis-
ease management should be related to infection control and 
prevention. Many infections are mild, though severe and 
possibly fatal lower respiratory tract infection has been 
reported in patients, particularly those with chronic or pre-
existing respiratory disease or hematopoietic stem cell trans-
plant recipients. 

 n HENIPAVIRUSES

Hendra and Nipah viruses belong to the recently designated 
genus Henipavirus within the family Paramyxoviridae, 
subfamily Paramyxovirinae, and are nonsegmented, nega-
tive-stranded RNA viruses. These zoonotic pathogens were 

first identified in Australia and Malaysia and have been 
associated with acute febrile encephalitis and respiratory 
tract disease.

CliniCal Features

Hendra was identified in 1994 when patients who came in 
close contact with sick horses developed an influenza-like 
illness with fever, myalgia, headache, lethargy, sore throat, 
nausea, and vomiting. Two patients died with pneumonitis 
and multiorgan failure. The closely related Nipah virus was 
identified during an outbreak in Malaysia and Singapore 
during 1998 to 1999 that included more than 250 patients. 
The incubation period ranged from 2 days to 1 month, but in 
most cases lasted between 1 and 2 weeks. Patients presented 
with a severe acute encephalitic syndrome, but some also 
had significant pulmonary manifestations. In Bangladesh in 
2001 and 2003, outbreaks of Nipah encephalitis occurred. 
Similar to the Malaysian outbreak, the most prominent 

HENIPAVIRUSES—FACT SHEET

Definition
 n  Hendra and Nipah viruses are nonsegmented, negative-stranded 

RNA viruses, members of the family Paramyxoviridae and sub-
family Paramyxovirinae 

Incidence and Location
 n  Rare cases have occurred in Australia and Asia throughout the 

distribution of the animal reservoir, the fruit bat of the Pteropus 
genus

 n  Infection has occurred primarily in patients who have contact with 
sick horses and pigs

 n  Food-borne transmission has also been reported in an individual 
who consumed fruit contaminated by Pteropus bats 

Morbidity and Mortality
 n  Death occurs in about 30% to 40% of Nipah cases associated 

with rapidly developing severe neurologic signs
 n  Four of seven of the known Hendra cases died 

Gender, Race, and Age Distribution
 n  Patient demographics depend largely on the mode of exposure; 

in most cases occupational
 n  No apparent gender or racial predilection 

Clinical Features
 n  Acute febrile encephalitis and influenza-like illness 

Radiologic Features
 n  Bilateral infiltrates consistent with the acute respiratory distress 

syndrome 

Therapy
 n  Treatment is supportive, including mechanical ventilation when 

needed
 n  Equivocal data regarding the efficacy of ribavirin in treatment
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symptoms were fever, headache, vomiting, and an altered 
level of consciousness. Respiratory illness was much more 
common in the Bangladesh cases, however, with 64% hav-
ing cough and dyspnea. Epidemiologic and laboratory inves-
tigations identified pteropid bats as asymptomatic carriers of 
Hendra and Nipah viruses and the natural animal reservoirs. 
Food-borne transmission has also been reported in an indi-
vidual who consumed fruit contaminated by Pteropus bats. 

radiologiC Features

In patients with respiratory illness, chest radiographs reveal 
bilateral infiltrates consistent with ARDS.

PathologiC Features

Gross FindinGs

In fatal infections, the lungs are heavy, congested, edema-
tous, and hemorrhagic. 

Microscopic FindinGs

Histopathologic findings in fatal cases of Hendra 
and Nipah infections are similar, with varying degrees 

of central nervous system and respiratory tract involve-
ment. Findings include a systemic vasculitis with exten-
sive thrombosis, endothelial cell damage, necrosis, and 
syncytial giant cell formation in affected vessels (Fig. 
13.16D). Multinucleated giant cells with intranuclear 
inclusions can occasionally be seen in lung, spleen, 
lymph nodes, and kidneys. In the lung, vasculitis and 
fibrinoid necrosis can be seen in the majority of cases, 
and interstitial pneumonitis, edema, and congestion with 
epithelial syncytial cells can be seen (Fig. 13.16A). Mul-
tinucleated giant cells with intranuclear inclusions are 
usually noted in alveolar spaces adjacent to necrotic areas  
(Fig. 13.16C). 

anCillary studies and diFFerential 
diagnosis

The diagnosis of Nipah virus infection, suspected by 
patient history and clinical manifestations, can be sup-
ported by characteristic histopathologic findings. The 
most unique histopathologic finding is the presence of 
syncytial and parenchymal multinucleated endothelial 
cells. However, this feature occurs in only about one-
fourth of the cases and cannot be used as a sensitive 
criterion for the diagnosis of henipavirus infections; fur-
thermore, similar cells can also be seen in measles virus, 
RSV, HPIV, herpesviruses, and other infections. In addi-
tion to these viral infections, other noninfectious causes 
of diffuse alveolar damage may be considered in the dif-
ferential diagnosis. Unequivocal diagnosis can be made 
only by laboratory tests such as IHC, cell culture isola-
tion, PCR, or serology. IHC can reveal widespread pres-
ence of Nipah virus antigens in endothelial and smooth 
muscle cells of blood vessels, as well as in various paren-
chymal cells (Fig. 13.16B). Ultrastructural studies can 
also demonstrate the pleomorphic viral particles, which 
are composed of helical nucleocapsids enclosed within an 
envelope (Fig. 13.16E). 

Prognosis and theraPy

Only seven persons are known to have been infected 
with Hendra virus. Death occurs in about 30% to 40% of 
patients infected with Nipah virus and is more frequent in 
patients with rapidly developing severe neurologic signs. 
Residual neurologic signs are common among survivors. 
Treatment is supportive, including mechanical ventilation 
for patients in a deep coma who are unable to maintain 
airways. Ribavirin was used in humans during the Nipah 
outbreak in Malaysia, with equivocal results, and passive 
immunization targeting the Nipah G glycoprotein has 
been evaluated as postexposure therapy in a ferret model 
and found to be of benefit. 

HENIPAVIRUSES—PATHOLOGIC FEATURES

Gross Findings
 n  In fatal cases, the lungs are heavy and display congestion, hemor-

rhage, and edema 

Microscopic Findings
 n  Histopathologic involvement of the central nervous system and 

respiratory system
 n  Vasculitis, thrombosis, endothelial cell damage, and syncytial cell 

formation
 n  Multinucleated giant cells with intranuclear and cytoplasmic inclu-

sions in the brain, lung, and other organs
 n  Organizing diffuse alveolar damage in patients who die later in the 

course of the illness 

Immunohistochemical Features
 n  Widespread presence of henipavirus antigens can be seen by IHC 

in endothelial and smooth muscle cells of blood vessels, as well 
as in various parenchymal cells 

Ultrastructural Features
 n  Pleomorphic viral particles composed of helical nucleocapsids 

enclosed within an envelope 

Pathologic Differential Diagnosis
 n  Other viral causes of encephalitis, giant cell pneumonia, and dif-

fuse alveolar damage, as well as noninfectious causes of diffuse 
alveolar damage
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 n HEMORRHAGIC FEVER VIRUSES

The combination of fever and hemorrhage can be caused 
by different viruses, rickettsiae, bacteria, protozoa, and 
fungi. However, the term viral hemorrhagic fever (VHF) 
is usually reserved for systemic infections characterized by 
fever and hemorrhage caused by a special group of viruses 
transmitted to humans by arthropods and rodents. VHFs 
are febrile illnesses characterized by abnormal vascular 

regulation and vascular damage and are caused by small, 
lipid-enveloped RNA viruses. This syndrome can be caused 
by RNA viruses belonging to four different families that 
differ in their genomic structure, replication strategy, and 
morphologic features (Arenaviridae, Bunyaviridae, Flavi-
viridae, and Filoviridae). Arenaviruses, bunyaviruses, and 
filoviruses are negative-stranded, whereas flaviviruses are 
positive-stranded RNA viruses. Hemorrhagic fever viruses 
are distributed worldwide, and the diseases they cause are 
traditionally named according to the location where they 
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FIG. 13.16

Nipah virus pneumonia. (A) Interstitial pneumonitis, edema, and congestion with intraalveolar epithelial syncytial cells. (B) IHC highlights viral antigens within 
respiratory epithelium and syncytial cells. (C) Intraalveolar multinucleated giant cell with intranuclear inclusions (arrow). (D) Pulmonary vessel showing a multi-
nucleated endothelial syncytium. (E) Large accumulation of extracellular pleomorphic viral particles. (E, courtesy of C.S. Goldsmith.)
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were first described. The oldest and best known is yellow 
fever virus; others include Lassa fever, lymphocytic chorio-
meningitis, Ebola, and dengue viruses. The distributions of 
the individual VHFs are related to the distributions of their 
specific arthropod and rodent vectors.

CliniCal Features

VHF is characterized clinically by its disproportionate 
effect on the vascular system. Typical manifestations are 
related to a loss of vascular regulation (vasodilatation 
and hypotension), vascular damage (leakage of protein 
into the urine, edema in soft tissues of the face and other 

loose connective tissues, and petechial hemorrhage in the 
skin and internal organs), and severe systemic derange-
ment that presents as fever, myalgia, and asthenia pro-
ceeding to a state of prostration. Hemorrhage is common 
with most of these diseases and usually originates from 
mucosal surfaces. Patients with severe hemorrhagic fever 
generally develop shock, diffuse bleeding, and central 
nervous system dysfunction. 

radiologiC Features

In patients with respiratory illness, chest radiographs may 
reveal bilateral interstitial and alveolar edema and hemorrhage.

PathologiC Features

Gross FindinGs

In fatal VHF, the lungs show congestion, hemorrhage, 
and edema. Pleural effusion may be found with certain 
infections. 

VIRAL HEMORRHAGIC FEVERS—FACT SHEET

Definition
 n  VHFs are systemic infections characterized by fever and hemor-

rhage, caused by a group of viruses transmitted to humans by 
arthropods and rodents

 n  Viruses belong to four different families that differ in their 
genomic structure, replication strategy, and morphologic features 
(Arenaviridae, Bunyaviridae, Flaviviridae, and Filoviridae)

 n  Arenaviruses, bunyaviruses, and filoviruses are negative-stranded, 
whereas flaviviruses are positive-stranded RNA viruses 

Incidence and Location
 n  Uncommon diseases
 n  Hemorrhagic fever viruses are distributed worldwide, and the dis-

eases they cause are traditionally named according to the location 
where they were first described

 n  The distributions of particular VHFs are related to the distributions 
of their specific arthropod, rodent, and bat vectors 

Mortality
 n  Case mortality ranges from about 15% with infections such as 

Lassa fever up to 90% with filovirus infections such as Ebola 

Gender, Race, and Age Distribution
 n  Patient demographics depend largely on the agent and mode of 

exposure
 n  People of all ages are vulnerable to VHFs
 n  No recognized gender or racial predilection 

Clinical Features
 n  Fever, myalgia, asthenia, and prostration
 n  Loss of vascular regulation, shock, and central nervous system 

dysfunction
 n  Hemorrhage 

Radiologic Features
 n  Bilateral interstitial or alveolar edema and infiltrates 

Prognosis and Therapy
 n  Supportive therapy
 n  Passive antibodies
 n  Antivirals (ribavirin)
 n  An experimental vaccine for Ebola is under development

VIRAL HEMORRHAGIC FEVERS—PATHOLOGIC FEATURES

Gross Findings
 n  In fatal cases, the lungs display congestion, hemorrhage, and 

edema
 n  Widespread petechial hemorrhages and ecchymoses are present 

systemically 

Microscopic Findings
 n  Histopathologic changes in the lung include varying degrees of 

hemorrhage, edema, interstitial pneumonitis, and diffuse alveolar 
damage

 n  Other systemic pathology as described in the text 

Immunohistochemical Features
 n  Viral antigens can commonly be detected by IHC in the mononu-

clear phagocytic system and endothelium, as well as in parenchy-
mal cells, depending on the particular VHF agent 

Ultrastructural Features
 n  Features vary for the four families of viruses that cause VHF syn-

dromes
 n  All viruses have a lipid envelope that is acquired by budding at 

either the cell surface or the internal membranes
 n  The sizes and shape of these viruses vary from relatively small 

(35–50 nm), uniform round particles, as seen with flaviviruses, to 
more pleomorphic, rod-shaped particles (occasionally measuring 
up to 15,000 nm) in the case of filoviruses 

Pathologic Differential Diagnosis
 n  Other causes of hemorrhage, edema, and diffuse alveolar damage
 n  Unequivocal diagnosis can be made only by laboratory tests such 

as cell culture isolation, serology, PCR, and IHC
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Microscopic FindinGs

At autopsy, common findings include widespread pete-
chial hemorrhages and ecchymoses involving skin, mucous 
membranes, and internal organs. However, in many VHF 
patients manifestations of bleeding may be minimal or 
absent. Effusions, occasionally hemorrhagic, are also fre-
quently seen. Widespread, focal, and sometimes massive 
necrosis is commonly observed in all organ systems and is 
often ischemic in nature. Necrosis is usually most prominent 

in the liver and lymphoid tissues. The most consistent micro-
scopic feature is found in the liver and consists of multifo-
cal hepatocellular necrosis with cytoplasmic eosinophilia, 
Councilman bodies, nuclear pyknosis, and cytolysis. Inflam-
matory cell infiltrates and necrotic areas are usually mild 
and, when present, consist of neutrophils and mononuclear 
cells. Commonly observed histopathologic changes in the 
lung include various degrees of hemorrhage, intraalveolar 
edema, interstitial pneumonitis, and diffuse alveolar damage 
(Fig. 13.17A and E). 
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FIG. 13.17

Viral hemorrhagic fevers. (A) Lung from a fatal Ebola case showing pulmonary congestion and lack of significant inflammatory infiltrates, edema or hemorrhage. 
Within the center of the image is an alveolar macrophage (arrow) containing a cytoplasmic eosinophilic inclusion that is highlighted in the magnified inset. (B and 
C) Immunohistochemistry from the same patient shows viral antigen in alveolar macrophages and pulmonary interstitium. (D) Filamentous Ebola viral particles 
are seen within an alveolar space. Rod-shaped nucleocapsids are visible within viral particles, and have a characteristic “bull’s-eye” appearance on cross-section 
(arrow). (E) Extensive intraalveolar hemorrhage from a fatal dengue case. (F) Dengue viral antigen-containing mononuclear cell. (D, courtesy of C.S. Goldsmith.)
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anCillary studies and diFFerential 
diagnosis

The diagnosis of VHF should be suspected in patients 
with appropriate clinical manifestations returning from an 
endemic area, particularly if there is travel to rural areas 
during seasonal or epidemic disease activity. The diagnosis 
suspected by history and clinical manifestations can also be 
supported histopathologically. However, because of similar 
pathologic features seen in VHF and a variety of other viral, 
rickettsial, and bacterial infections, as well as noninfectious 
causes of hemorrhage, edema, and diffuse alveolar damage, 
unequivocal diagnosis can be made only by laboratory tests 
such as cell culture isolation, serology, PCR, and IHC (Fig. 
13.17B, C, and F). Ultrastructural studies can also demon-
strate the presence of virions. All viruses have a lipid enve-
lope that is acquired by budding at either the cell surface or 
the internal membranes. The size and shape of these viruses 
vary from relatively small (35–50 nm), uniform, round par-
ticles, as seen with flaviviruses, to more pleomorphic, rod-
shaped particles (measuring occasionally up to 15,000 nm) 
in the case of filoviruses (Fig. 13.17D). 

Prognosis and theraPy

Case mortality ranges from about 15% with infections such 
as Lassa fever up to 90% with filovirus infections such as 
Ebola. Over 28,000 total suspected and confirmed cases were 
reported with over 11,000 deaths during the 2014 outbreak 
of Ebola in West Africa. Treatment depends on the particular 
agent and may include the use of passive antibodies, antivi-
ral drugs such as ribavirin, or supportive therapy. Supportive 
therapy should include the reasonable measures that would 
be employed in any very ill patient with a fragile vascular 
bed. Volume replacement may be particularly important in 
some patients, especially with dengue hemorrhagic fever. 
Experimental vaccines and treatments for Ebola are under 
clinical trial.
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