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Clinical significance of infectious disease agents other
than bacteria

Contemporary Cases Involving
Microbes Beyond Bacteria

• SARS-CoV-2: a prime example!
• Other clinically important viruses:
Influenza, MERS, Ebola, HIV
• High mortality rate/rapid fatality:
EEV, Balamuthia, Naegleria,
Mucormycosis
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Objectives | Case Studies
• Highlight significant infectious diseases that are caused by
non-bacterial pathogens
• Describe their epidemiology and public health impact
• Discuss their key clinical syndromes and diagnostic approaches
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CASE 1: It’s not just a little rash
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Diagnostic Tests

Clinical Presentation

• Negative tests:
– PCR: CMV, EBV, PCP, HIV, FA RVP,
Parvovirus B19, AFB,
Mycoplasma pneumoniae,
enterovirus, adenovirus,
norovirus, GC/CT, GI panel
– Culture: blood, BAL, urine,
wound
– Other: Hepatitis,
Galactomannan, Fungitell,
Legionella, Quantiferon (IND)

• 18 y/o female with Hodgkin’s Lymphoma (3 cycles of chemotherapy)
• Presented with fever, chills, abdominal pain and back pain
• Developed rash on face, abdomen and bilateral upper extremities
• Critically ill with persistent fevers, ARDS requiring intubation and
mechanical ventilation
• Been treated with amoxicillin for Actinomyces bacteremia and
acyclovir for disseminated VZV infection
• Placed on broad spectrum antimicrobial agents

• Positive results:
– VZV of lesions
– Brucella IgM (1.58)

• Next Generation Sequencing:
– UW: 16S and 18S sequencing
• negative
– Karius
• Enterococcus faecalis
6,921 MPM
• Streptococcus parasanguinis
317 MPM
• Lactobacillus rhamnosus
209 MPM

MPM=DNA Molecules per microliter
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Autopsy Investigation

Autopsy
Investigation:

• Hemorrhagic, firm and consolidated lungs with numerous lesions
• Numerous lesions in enlarged liver and scattered splenic nodules

Numerous lesions
and inclusions

• Numerous syncytial cells and inclusions concerning for:
• Parainfluenza, RSV or measles
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Further Investigation

Autopsy
Investigation:

• Immunohistochemistry (IHC) for HSV-1, HSV-2, CMV, ADV: negative
• Antemortem respiratory viral PCR : negative
• Fungal and Gram stain: negative

Numerous syncytial
cells and inclusions
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Further Investigation

Further Investigation
• Immunohistochemistry (IHC) for HSV-1, HSV-2, CMV, ADV: negative
• Antemortem respiratory viral PCR : negative
• Fungal and Gram stain: negative
• Sent for RSV, parainfluenza and measles IHC and PCR
• IHC for measles were immunoreactive
• Measles RT-PCR: positive
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• Immunohistochemistry (IHC) for HSV-1, HSV-2, CMV, ADV: negative
• Antemortem
Take
away point: respiratory viral PCR : negative
• FungalNGS
andtests
Gramcurrently
stain: negative
3 different
available were unable to detect measles virus
16S sequencing – bacteria only
18S
sequencing
– fungi only and measles IHC and PCR
• Sent
for RSV, parainfluenza
Karius
test
whole
- cell-free DNA only
• IHC
for from
measles
were blood
immunoreactive
• Measles RT-PCR: positive
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Measles: Background

Clinical Course of Measles

• 1 in 4 people is hospitalized
• Common Complications:
gastrointestinal, ear infections

RASH

-18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1

• Severe Complications: pneumonia,
encephalitis

Incubation Period
7-18 days before rash

• Long-term complications: subacute
sclerosing panencephalitis
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Prodrome
4 days before rash

Rash
4-8 days

Conjunctivitis,
Coryza, Cough,
Fever, Malaise

CDC
Koplik spots
CDC
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Measles: Epidemiology

Measles: Testing/Diagnosis

12 confirmed cases in the US (2020)

• Clinical presentation and medical history
• Common methods:
• Measles-specific IgM antibody in serum
• Measles RNA by RT-PCR

• Samples:
• Serum sample and throat swab (or NP swabs)
• Urine

CDC
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Measles: Treatment
• Get vaccinated!
• Mainly supportive therapy
• Vitamin A in children
• Ribavirin
• Remember to isolate!

17

SCASM 407-010-20 Pandey/Yee

CASE 2: A Dizzy Delirium
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Clinical Presentation

Laboratory findings

• 14 y/o male previously healthy except mild aortic stenosis
• Seen by cardiology 1 day prior and was told “doing great”
• Presented to the ED with dizziness, fever of 108F, right hand tingling
“like ants crawling”
• Nauseous and confusion

• Differential: high neutrophils, lymphocytes
• CSF findings:
• Glucose < 20, Protein: 239, 337 WBCs
• Opening Pressure > 55 (normal is 20-28 cm for pediatric)

• Left facial droop, left hemiparesis, left pronator drift
• Travel history: From Silver Lake, went to Asia
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Laboratory Findings: Gram-stain
Cryptococcus gattii

CDC

CHLA
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Cryptococcus gattii:
Diagnosis/Testing

Cryptococcus gattii
• Symptoms: pneumonia-like illness or
meningitis
• C. gattii is a species complex:

• Culture or antigen test on blood, CSF,
sputum, tissue samples
• Radiographic imaging
• C. gattii vs C. neoformans:

• C. gattii, C. bacillisporus,
C. deuterogattii, and C. tetragattii

• C. gattii affecting healthy vs
C. neoformans affecting
immunocompromised
• Infections in US: Pacific Northwest,
California, Southeast US

• MALDI-TOF
• Canavanine-glycine-bromthymol blue
(CGB) agar
CDC
C. gattii

C. neoformans
CDC
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Cryptococcus gattii: Treatment
• Antifungals for at least 6 months
• Asymptomatic to moderate infections: fluconazole
• Severe lung or CNS infections:

Case 3: The Two-Faced Fun-guy

• Initial treatment is liposomal amphotericin B in combination with flucytosine
followed by fluconazole
• Lumbar punctures to get rid of increased pressure
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Clinical Presentation

Laboratory Findings

• 10 y/o male born in Guatemala
• At 2 years, 17-day long fever was placed on antibiotics but diagnosis
was never confirmed
• At 6 years, started getting severe headaches, nausea, vomiting,
dizziness, fatigue

• CSF findings: Low glucose, high protein
• Galactomannan: negative
• Bacterial culture (blood and CSF): negative
• Coccidioides antibody: negative
• Histoplasma antigen: negative
• Fungal culture on CSF: filamentous fungi seen (~ 1 week)

• MRI showed hydrocephalus, shunt placed
• >11 surgeries in Guatemala
• Cyst formation at distal catheter due to shunt failures, taken to OSH

• Presented to ED with headaches, fevers, vomiting, cough, runny nose
• No travel to caves, hiking, recent animal exposures
Precit, M. et al. Manuscript in-preparation
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Precit, M. et al. Manuscript in-preparation
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Histoplasma capsulatum

Birds, Bat,
Chicken
coops,
caves,
construction
sites of old
buildings

Tape Prep of Fungal Culture
Large, spherical, spiked

CDC

CHLA
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Histoplasmosis: Epidemiology

Histoplasmosis

Mold

• Dimorphic fungi (mold and yeast
phase)
• Asymptomatic to flu-like illness
• Long-term/severe infection in
immunocompromised
• Presumed ocular histoplasmosis
syndrome (POHS)

Yeast

In the US, 60% to 90% who live in Ohio and Mississippi River valleys have been exposed

CDC

• Small white spots that can appear deep
inside the eye
• Development of new blood vessels form
inside the eye

Histoplasma capsulatum var. capsulatum (near-worldwide
distribution)
Histoplasma capsulatum var. duboisii (in Africa)
S a lim n ia , H . e t a l. JC M . D O I: 1 0 .1 1 2 8 /JC M .0 0 6 6 3 -1 2
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CDC
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Histoplasmosis: Testing/Diagnosis

Histoplasmosis: Treatment

• Medical and travel history
• Radiographic findings
• Cultured growth (e.g blood, tissue, bodily fluids)

• Mild cases resolve without treatment
• Recommended treatment: amphotericin B and itraconazole
• Same with our patient; discharged with no symptoms, was stable

• Macroscopic, microscopic, DNA probe

• Antigen test (e.g urine, serum, CSF, BAL)
• Antibody tests
• PCR

33

34

Clinical Presentation
• 43 year-old male from Guatemala with past-medical history of HIV/AIDS.

Case 4: Under the skin

• Presented with fever, chills, diarrhea, nausea, and vomiting.
• Patient also had multiple hyperpigmented papular lesions first observed 9
years ago in the abdomen and extremities, but no pain or itchiness.
• Patient said his grandparents where he lived in Guatemala had similar skin
lesions and that there were many insects and flies in that area.
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Laboratory Findings

Laboratory Findings
• CD4 – 4 cells/mm3
• HIV viral-load – 51,350 copies/ml
• Upper colonoscopy (EGD) found gastritis pathology of duodenum

Leishmania
amastigotes

• Worsening pancytopenia with a drop in hemoglobin form 10 to 7 g/dL
• Bone marrow biopsy showed hypercellularity for age with trilineage
hematopoiesis with following pathology:

Visceral Leishmaniasis (Leishmania spp.)
DOI: 10.3347/kjp.2012.50.2.133
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Leishmaniasis: Life cycle

Leishmaniasis
• Leishmaniasis is a vector-borne disease that is transmitted by sandflies
and caused by obligate intracellular protozoa of the genus Leishmania
• Human infection is caused by about 21 of 30 species that infect mammals
e.g. L. donovani, L. infantum, and L. chagasi, L. mexicana, L.
amazonensis, and L. venezuelensis
• The different species are morphologically indistinguishable, but they can
be differentiated by isoenzyme analysis, molecular methods, or
monoclonal antibodies
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Leishmaniasis: Different types

Visceral Leishmaniasis

• Cutaneous leishmaniasis – Presents as localized
cutaneous infections. Systemic symptoms are absent.

• Patients with visceral leishmaniasis usually have fever, weight loss, and an enlarged
spleen and liver (usually the spleen is bigger than the liver).

Medscape.com

• Mucocutaneous leishmaniasis – Occur after
cutaneous infection and can lead to partial or total
destruction of the mucous membranes of the nose,
mouth and throat cavities and surrounding tissues.

• Some patients have swollen glands.
• Patients usually have low blood counts, including a low red blood cell count (anemia),
low white blood cell count, and low platelet count.

W ho.int/leishmaniasis

• Visceral leishmaniasis is becoming an important opportunistic infection in areas where
it coexists with HIV.

• Visceral leishmaniasis – Systemic disease that is fatal if
left untreated. Also known as kala-azar.

• HIV-coinfected patients may have atypical manifestations, such as involvement of the
gastrointestinal tract and other organ systems.
W ho.int/leishmaniasis

41

SCASM 407-010-20 Pandey/Yee

42

7

11/10/20

Leishmaniasis : Diagnosis
• Diagnosis is made by detecting Leishmania parasites in tissue
specimens—such as from skin lesions, or from bone marrow
via light-microscopic examination of stained slides.

Leishmaniasis: Treatment
Liposomal amphotericin B (Ambisome) is FDA-approved for treatment
of visceral leishmaniasis and generally is the treatment of choice for
U.S. patients.

Kinetoplast
Nucleus

• Sequencing of rRNA ITS2 region using molecular methods can
be used for species level identification.
• Culture using NNN media can also be used, but may take
several weeks.
• Antibody detection can prove useful in visceral leishmaniasis,
but may cross-react with Trypanosoma cruzi

Promastigotes from culture
CDC.gov
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Clinical Presentation
• 38 year-old male from Africa with no significant past medical history

Case 5: Was that a fluke?

• Presented with fever (101F), chills with right-quadrant pain radiating to the
back
• Denies nausea, vomiting, diarrhea, and constipation
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Laboratory Findings

Laboratory Findings

• Noted for elevated liver function tests:
• AST: 113 IU/ml
• ALT: 409 IU/ml
• Alkaline phosphatase: 349 IU/ml
• Total bilirubin: 3.0 mg/dL
• Ultrasound showed hepatic duct dilation and thickening of gall bladder wall
• Ova and parasite examination from stool was negative
50 uM

• Bile was aspirated and sent to pathology for analysis, which showed following
pathology:
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Fascioliasis (Fasciola hepatica)
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Fascioliasis : Life Cycle

Fascioliasis
• Fascioliasis is an infectious disease caused by trematodes Fasciola
hepatica and Fasciola gigantica, also referred to as liver flukes.
• The primary host, where the flukes sexually reproduce, is a vertebrate.
The intermediate host, in which asexual reproduction occurs, is usually
a snail.
• The adult (mature) flukes are found in the bile ducts (the duct system of
the liver) of infected people and animals.

49

50

Fascioliasis : Diagnosis

Operculum

Fascioliasis: Treatment

• Diagnosis is made by detecting eggs by light microscopy
during the chronic (adult) phase of infection.

Triclabendazole is the FDA-approved drug of choice given
orally, usually in one or two doses. Most people respond well
to the treatment.

• Eggs can be recovered from stool or material obtained by
duodenal or biliary drainage or aspiration. F.
hepatica and F. gigantica eggs are effectively
morphologically indistinguishable.
• Serology can also be used for early diagnosis before
parasite eggs can be reliably detected.

Operculated eggs
(usually 130-150 uM in length)
CDC.gov
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Clinical Presentation
• A previously healthy male infant aged 5 months from eastern Connecticut developed
fever and vomiting.
• Right-sided facial twitching began over the next several days and progressed to seizures
that included rightward eye deviation and right arm stiffening.

Case 6: Don’t bite me

• He was admitted to the hospital for evaluation and management of his seizures.
• There was no travel history; however, the parents reported that 2 weeks earlier, the
infant had been bitten by a tick most likely carried into the home on a family member’s
clothing. The estimated time of tick attachment was <3 hours.
Tutolo et al, MMWR 2017;66:408–
409.DOI: http://dx.doi.org/10.15585/mmwr.mm6615a3
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Laboratory Findings

Powassan virus (POWV) disease

• Head computed tomography scan, complete blood count, and serum
electrolytes were normal.

• POWV is a tickborne flavivirus (+ssRNA) transmitted by ticks of Ixodes spp (primarily
Ixodes scapularis).

• A lumbar puncture was performed; white blood cell count in the
cerebrospinal fluid (CSF) was 125/µL (81% lymphocytes).

• Transmission of POWV occurs as quickly as 15 minutes after tick attachment.

• Magnetic resonance imaging (MRI) of the brain showed a pattern
consistent with encephalitis.

• POW virus is maintained in a cycle between ticks and small-to-medium-sized rodents.
Humans are therefore considered to be “dead-end” hosts of the virus.

• CSF bacterial cultures and respiratory viral cultures were negative.
• Clinical presentations of POWV disease range from a febrile illness to severe
neurologic disease, with death occurring in approximately 10% of reported cases;
long-term sequelae are common.

• Encephalitis antibody panel on CSF collected 4 days after disease onset
was positive for Powassan Virus IgM.
Tutolo et al, MMWR 2017;66:408–
409.DOI: http://dx.doi.org/10.15585/mmwr.mm6615a3
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Powassan virus (POWV) disease

Powassan virus (POWV) disease : Diagnosis

• During 2006–2015, a median of seven cases of POWV
disease (range = 1–12) were reported annually in the
United States.

• Preliminary diagnosis is based on the patient’s clinical signs and
symptoms, location where infection likely occurred (including places
and dates of travel), and possible exposure to Ixodes species ticks.

• Cases occur predominantly in the Northeast and Great
Lakes region during mosquito season.
• It is important for clinicians to consider POWV disease
whenever a patient in a tick-endemic area is evaluated
for encephalitis.
• Another arbovirus of significance with similar
presentation is Jamestown Canyon Virus, which is
transmitted by mosquitoes.

• POWV IgM in the CSF is diagnostic.
• RT-PCR for viral RNA in the CSF maybe performed, but a negative
result does not rule out infection.

meshcoalition.org

Tutolo et al, MMWR 2017;66:408–
409.DOI: http://dx.doi.org/10.15585/mmwr.mm6615a3
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Powassan virus (POWV) disease:
Treatment/Prevention

Summary
• Infectious diseases caused by non-bacterial pathogens

• There is no specific treatment for POWV disease; clinical management
is supportive.

• Can have significant morbidity and mortality
• Are often neglected tropical diseases

• No POWV vaccines are available for use in humans. In the absence of
a vaccine, prevention of POWV disease depends on personal
protective measures to decrease exposure to infected ticks.

• Diagnosis can be complicated, relying on traditional diagnostic methods
(macroscopic/microscopic)

Tutolo et al, MMWR 2017;66:408–
409.DOI: http://dx.doi.org/10.15585/mmwr.mm6615a3
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