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Abstract

Forty-seven bacterial mini-case history studies are designed as problem solving exercises to allow students to test their
powers of deduction in identifying and treating important human pathogens, using clear cut cases involving "at risk"
individuals wherever possible.

Activity

Invitation for User Feedback. If you have used the activity and would like to provide feedback, please send an e-mail to
MicrobelLibrary@asmusa.org. Feedback can include ideas which complement the activity and new approaches for
implementing the activity. Your comments will be added to the activity under a separate section labeled "Feedback."
Comments may be edited.

Editor’s Note (2008): This Curriculum Resource was published prior to establishment of current criteria of submission, and
as such, does not contain all criteria required of current publications. However, the Editorial Committee felt that the activity
itself remained worthwhile and relevant, and encourages potential users to contact the authors for clarification as needed.

If you do update this activity for use with your students, and are interested in updating the resource for distribution in the
library, please contact ASM at Microbelibrary@asmusa.org.

Last revised: September 2003.
INTRODUCTION

Background.

In this activity, 47 bacterial mini-case history studies are presented. The cases are broken up into five subsections:
gram-positive and gram-negative cocci (15 cases), gram-negative bacilli (10 cases), gram-positive bacilli (10 cases),
spirochete and curviform bacteria (6 cases), and intracellular and miscellaneous bacteria (6 cases). Suggested answer
content for each component of the mini-case histories is italicized next to the question.

To incorporate these mini-case history studies into the curriculum, begin by presenting them to the students as a classroom
or laboratory exercise. Divide students into groups of two to four individuals, assign one mini-case history study to each
group, and allow them 15 to 20 minutes to work through it. This gives adequate time to discuss the problem and determine
answers to the questions.

Subsequently, when each new sub-section of bacteriology is covered, use one or two mini-case histories to accompany the
lectures as problem-based learning exercises. Assign the mini-case history studies once the subsection has been completed
and give the students a few days to prepare a paragraph which shows their conclusions and method of arriving at each
conclusion for each mini-case history study.

[Note: My classes are usually a mixture of Physician Assistant, Biology/Premedical, and Environmental Science majors and
between 80% and 90% of all types of students enjoy these "sleuthing” exercises. All mini-case histories here have also
been a component of my students’ examinations at some point (usually a maximum of two mini-case histories per
subsection of bacteriology), and this has helped in ironing out any confusing descriptions or sayings.]

PROCEDURE

Materials.

Bacterial Mini-Case Study Histories for Courses Involving Medical Microbiology—Answer Key

Bacterial Mini-Case Study Histories for Courses Involving Medical Microbiology A list of mini-cases provided for each
classroom or laboratory exercise, grouped by type of bacteria.

Instructor Version.
The mini-case history studies may be used in several ways.

A. Possible applications.

The mini-case histories included in this activity have been utilized successfully as classroom exercises, take home
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assignments, and examination material. The exercises tend to work best when a time limit is identified and when students
are encouraged to work from memory rather than scanning through their notes.

Classroom exercise. The classroom exercise is useful, especially to the professor with a big class, since it encourages
students' participation and critical thinking without being overly time consuming. Groups of two to four students appear to
operate the most effectively for this exercise; lone students may feel somewhat "swamped" by the information, while larger
groups may encourage one or two individuals to analyze the mini-case history with the remainder of the group not becoming
truly involved. A time limit of 15 to 20 minutes for each mini-case history has been found to be optimal, allowing students
sufficient time to digest the data but not too long to make them doubt their conclusions or overanalyze the information
(often the case with the very bright student). Varying the students within each group and the spokesperson for each group
also adds challenge to the exercise.

Take home assignment. Once the students are familiar with the steps needed to work through a mini-case history, they are
ready to tackle one on their own. The ability to do this outside class and without help or hindrance from other group
members may encourage the quieter student to perform more efficiently. In addition, many students, especially foreign
language students, may be more able to put their ideas into writing rather than into an oral presentation. This kind of
assignment, unlike the classroom exercise, allows more time and imposes less pressure. Again, it is advisable to encourage
students to set some kind of time limit to prevent overanalysis, and to work as much from memory as possible to encourage
the development of microbiological algorithms.

Examination material. The microbiological algorithms generated by the classroom and take home assignments may be tested
as a component of the microbiology examination. Ideally, a student should be able to use the series of steps they have
memorized to successfully analyze a mini-case history under examination conditions. However, many students, in the "heat
of the moment" have trouble doing this, so a professor might want to allow the use of a limited amount of notes made by
the student to be used in the examination (similar to formulae used in mathematics and physics examinations).

B. How | use these studies.

Since the process of working through a mini-case history is a novel skill, I usually begin with the classroom or laboratory
exercise; at least 50% to 75% of the group grasp the procedure on the first occasion and can help teach the remaining class
members. | give the students guidance as to how the process works by presenting two example mini-case histories and
showing them each step taken to answer the associated questions. Each group of two to four students is then given the
same two mini-case histories and asked to work through them for 15 to 20 minutes. They are asked to follow four steps:

1. Underline all components of the mini-case history that are important in reaching a diagnosis (i.e., laboratory data
and risk factors such as vacations recently taken, occupations, or lifestyle practices).

2. Make a list of all appropriate species that fall into the category being studied and produce diseases of the kind
presented in the mini-case history. For example, in the case of a gram-positive coccus causing a skin infection write a
list of all gram-positive cocci capable of causing this condition.

3. Take the list and begin to eliminate candidates from it by using the information from the mini-case history. Discuss
each candidate with your classmates until you reach a consensus.

4. Once you have identified the responsible organism, go on to determine a treatment strategy, other at-risk
individuals, and methods of infection prevention, as appropriate.

| ask the students to use their notes as little as possible during this exercise to allow them to develop a “feel"” for the
subject and improve their critical thinking skills. They are not, however, prevented from using their notes at this point. Once
they have seen the method for processing the mini-case history data, each group in the class is assigned a different, third
mini-case history analysis and given 15 to 20 minutes to repeat the steps.

When the groups have finished deliberating, each member answers one of the questions associated with their mini-case
history. This ensures that all students understand the process and could be assumed to be able to repeat it on their own. In
addition, students are asked to comment on the ease with which they could identify the organism: Was the identity
obvious? What pieces of information would they take away from the mini-case history to make it more difficult? How would
they improve the mini-case history? Asking students to comment on the histories helps them focus on the concepts being
demonstrated. Many brighter students generate ideas on the subject even during the first mini-case history session.

Once students understand how to proceed with a mini-case history, they can be encouraged to pursue them alone on a take
home assignment. Students are asked to use a similar time limit as during class (15 to 20 minutes) to analyze the mini-case
history and then write a paragraph explaining their method of reaching conclusions, any further thoughts they have about
the condition the patient is suffering from, and the "story" accompanying it. They are essentially asked to critique the
mini-case, looking for loopholes, ascertaining the ease with which it could be solved, and sharing any ideas that might
improve it.

By the time my students reach the examination stage, they have already processed many of these mini-case histories. For
the microbiology course taught at this institution, four microbiology examinations are given each semester with the last two
containing a maximum of two mini-case histories in any particular subsection of microbiology. This has been successful in
the past, since the combination of mini-case history analyses, short answer questions, fill-in-the-blank, and multiple
matching in my examinations has allowed me to evaluate a wide variety of students’ skills.

C. The concept of a mini-case history.

These mini-case histories were generated over a period of 6 weeks during the summer of 1998 using clinical and
microbiological information gleaned from four separate microbiology textbooks. In making each mini-case, | initially focused
on the symptoms and manifestation of the disease and the microscopic appearance of the organism causing it, information
that the students gained in lectures and from the course textbook. By gradually adding pieces of information—such as the
age of the patient, a risk factor, or a laboratory finding—other similar organisms were eliminated as potential causative
agents so that the identity of the pathogen became obvious. The only difficulty was to balance how much information to
give, so the answer wasn’t totally obvious or completely obscure.
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In formulating the mini-cases, | used risk factors including lifestyle, vacations, and age as much as possible to try and instill
in the students a sense that these could provide real pointers as to the identity of a microorganism in a sick patient. | felt it
was important to make the situations as realistic as possible, so patients used "everyday" language. In addition, | tried to
show that diagnostic mistakes are made, e.g., that conditions which appeared to be child abuse, irritable bowel disease, or
lactose intolerance may actually be microbial in origin and that all information, no matter how apparently trite, may be
important. Finally, the idea of the mini-case history was that it really would appear as a kind of detective story with a "plot,"
so students would enjoy sleuthing out the "culprit"—and learn new skills in the process.

Sample Student Instructions.

1. Classroom Exercise: You have been given a mini-case history in the area of , which was covered in your
lecture sections during the past week(s). You have been assigned to a group of four students and, as a group, you
need to work through mini-case history number from the list given, during the next 15 to 20 minutes. Use the
following strategy to diagnose the mini-case. First, underline all components of the mini-case history that you think
are important in reaching a diagnosis. Second, make a list of all bacterial species that fall into the designated
category and produce diseases of the kind described in the mini-case history. Third, eliminate organisms from your
list by using the additional information presented in the mini-case history. Once you have identified the organism
involved, go on to determine a treatment strategy, other at-risk individuals, and methods of infection prevention, as
appropriate. Once you have completed the mini-case history, please raise your hand. As a group, you will be asked to
present to the class your list of "suspect"” organisms and explain how you eliminated each one and arrived at the
answers to the questions.

2. Homework exercise: You have been given a mini-case history in the area of , which was covered in your
lecture sections during the past week(s). Use the following strategy to diagnose the mini-case. First, underline all
components of the mini-case history that you think are important in reaching a diagnosis. Second, make a list of all
bacterial species that fall into the designated category and produce diseases of the kind described in the mini-case
history. Third, eliminate organisms from your list by using the additional information presented in the mini-case
history. Once you have identified the organism involved, go on to determine a treatment strategy, other at-risk
individuals, and methods of infection prevention, as appropriate. Present, in paragraph form, your list of "suspect"
organisms and explain how you eliminated each one and arrived at the answers to the questions.

Safety Issues. Not applicable.
SUPPLEMENTARY MATERIALS

Possible Variations.

In my course, bacteria, fungi, protozoa, and viruses are taught as separate and sequential subjects in a similar fashion to
the way they are set out in most microbiology textbooks. The mini-case histories are therefore presented in a similar,
sequential way and are somewhat easier to diagnose since they are associated with each subsection. Mini-case history
studies could also be assigned at the end of a course as a method of outcome assessment to see how good the students
are at going back and identifying the organisms, when presented with a whole series of them.

Reference Textbooks Used to Generate Mini-Case History Studies

1. Black, J. G. 1999. Microbiology principles and explorations, 4th ed. Prentice-Hall Inc., Englewood Cliffs, N.J.

2. Jensen, M. J., and D. N. Wright. 1997. Microbiology for the health sciences, 4th ed. Prentice-Hall Inc., Englewood
Cliffs, N.J.

3. Prescott, L. M., J. P. Harley, and D. A. Klein. 1999. Microbiology, 4th ed. McGraw-Hill Book Co., New York, N.Y.

4. Talaro, K., and A. Talaro. 1999. Foundations in microbiology, 3rd ed. McGraw-Hill Book Co., New York, N.Y.

Related Activities
Fungal and Protozoal Mini-Case History Studies for Courses Involving Medical Microbiology
Viral Mini-Case History Studies for Courses Involving Medical Microbiology

User Feedback

"Thanks for making these resources available! As a first time instructor at a community college, these tools made class more
interesting for the students and made going to class much more fun for me!"

-Gwenn Barga, Edison Community College, Piqua, Ohio
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Bacterial Mini-Case History Studies
for Courses Involving Medical Microbiology - Answer Key

Gram-positive and gram-negative cocci

Gram-negative bacilli

Gram-positive bacilli

Spirochete and curviform bacteria

Intracellular and miscellaneous bacteria

Gram-positive and gram-negative cocci

1. An infant presents with a severe rash from which areas of skin are beginning to peel off. The
physician first suspects child abuse, since the child appears to be suffering from skin burns. But, a
skin sample reveals abundant gram-positive cocci arranged in clusters that produce
beta-hemolytic catalase-positive colonies on sheep blood agar. (7 points)

View a related image
View a related image

Which other laboratory tests, apart from Gram staining, would you perform to determine the
identity of this organism? (2 points) Select two from: coagulase testing, hemolysis on blood,
production of DNase, and yellow colonies on mannitol salt agar.

Which organism is causing this condition? Explain your reasoning. (3 points) Gram-positive
cocci in clusters are usually staphylococci. Skin infections are caused by a variety of
staphylococci, most prominent is Staphylococcus aureus. S. aureus is suggested due to
hemolysis and the yellowish color of the colony; plus baby’s symptoms suggest staphylococcal
scalded skin syndrome.

What substance is responsible for the effects being seen? Exfoliative toxin.

What treatment would you give? In addition to fluids and topical wound care, initiate antibiotic
therapy and adjust medications based on sensitivity test results.

2. A middle-aged man presents to the emergency room with chest pain and is found to have suffered
a heart attack. He has a past history of hypertension, non-insulin-dependent diabetes mellitus
(NIDDM), and high cholesterol. Medical evaluation suggested the need for a triple bypass
procedure. This is performed on the fifth day of his hospital stay. During recovery, he develops
septic shock with fever and pneumonia. Gram-positive cocci in clusters, isolated from both his
lungs (via sputum) and the surgical incision, produce beta-hemolytic colonies on sheep blood agar.
Kirby-Bauer testing demonstrates that the organism is resistant to oxacillin, penicillin,
erythromycin, and gentamicin, but sensitive to vancomycin. Treatment with vancomycin is,
therefore, immediately initiated. (7 points)

View a related image

What is the most likely organism infecting this man? Explain your reasoning. (2 points)
Gram-positive cocci in clusters are staphylococci. He has a nosocomial pneumonia, which
could also be induced by a variety of cocci, but this has gram-positive grape-like cluster cocci
morphology and is beta-hemolytic indicating Staphylococcus aureus.

How would you confirm your diagnosis? Coagulase test. Many clinical settings employ rapid
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slide agglutination tests such as Staphaurex, which tests for S. aureus protein A as well as
coagulase.

How do you interpret the susceptibility data? (2 points) The organism is multi-resistant,
including oxacillin-resistant, indicating it is methicillin-resistant Staphylococcus aureus
(MRSA).

Name two other diseases this organism causes. (2 points) Toxic shock, bullous impetigo, scalded
skin syndrome, food poisoning, abscesses, endocarditis, cellulites, osteomyelitis, and septic
arthritis.

3. A man was admitted to the hospital with severe chest pain, which was diagnosed as an acute

myocardial infarction (heart attack). He required admission to the Intensive Care Unit where
invasive monitoring allowed him to survive the myocardial infarction. On the 13th day of
hospitalization he developed a fever. A central venous catheter was removed and blood cultures
were obtained. Two sets of blood cultures showed catalase-positive, coagulase-positive cocci in
clusters. (4 points)

Which organism is the patient infected with? Explain your reasoning. Bacteremia
caused by S. aureus is confirmed by catalase-positive, coagulase-positive cocci
arranged in clusters.

How did he become infected? The central venous catheter used for monitoring his
cardiac condition allowed bacteremia to occur. What is this type of infection called?
Nosocomial.

What problems would you anticipate in treating his condition? 1) Potential
antimicrobial resistance. A large fraction of hospital-acquired S. aureus infections are
caused by multi-resistant organisms including MRSA. 2) If the infection has affected a
heart valve, a long course of therapy is required, and valvular damage may cause
further cardiac complications. In many cases this will require replacement of the
affected valve.

4. A 13-year-old female patient presents at her primary care practitioner suffering from a urinary

tract infection. A sample of midstream urine reveals gram-positive non-encapsulated cocci, which
are arranged in clusters and are coagulase negative. (5 points)

Based on the information given, which organism would you suspect? Explain your reasoning. (3
points) Gram-positive cocci in clusters are staphylococci. Coagulase negative indicates it is
not Staphylococcus aureus. S. saprophyticus is a frequent cause of urinary tract infection in
young females. Although S. saprophyticus is most commonly isolated from sexually active
females, it has been isolated from young girls and young boys. Some studies have suggested
that it can appear among vaginal flora of pre-pubescent girls. In a study focused on young
males, it was declared an important pathogen in children with urinary tract infections.

What treatment would you prescribe? After initiating therapy, check for potential resistance,
which may account for occasional therapeutic failure.

What other actions, if any, would you take regarding this patient? The presence of S.
saprophyticus might raise the physician's suspicions, but isolation of the organism alone is not
enough to indicate sexual activity. Although the presence of S. saprophyticus is often an
indicator of underage sexual activity, it has been found in the normal flora of some teens. The
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physician might be wise to document its presence and be alert for signs of sexual activity or
possible sexual abuse.

5. A44-year-old woman was seen in the office for shortness of breath. She had previously been
diagnosed with mitral regurgitation (backward blood flow through the mitral valve), but this
problem has been stable. She had no symptoms until a few days earlier. Her physician did an
echocardiogram that showed worsened mitral regurgitation and some 1 cm vegetations (small
lumps often associated with valvular infection) on the anterior valve leaflet. Three sets of blood
cultures showed gram-positive cocci in chains. She was reluctant to enter the hospital and asked if
she could be treated with oral medications at home. (5 points)

What organism is causing this woman’s disease? Explain your reasoning. (3 points)
Gram-positive cocci in chains suggests streptococci. Viridans streptococci, which are found
orally, are the probable cause.

When the broth bottles are sub-cultured to sheep blood, what do you expect to see and what test
would you include on the blood agar plate? Members of the viridans group almost always show
alpha-hemolysis. Optochin (ethylhydrocupreine hydrochloride) is used to rule out S.
pneumoniae. Many endocarditis cases due to viridans streptococci are caused by members of
the "milleri™ or intermedius group. These species occasionally display beta-hemolysis and can
carry Lancefield antigens A, C, F, or G (all Lancefield group F are of this variety).

How did she contract it? The underlying valve disease gave her a higher than average risk for
endocarditis at some point in life. Bacteremia from gingival disease, toothbrushing, or perhaps
dental care procedures may have contributed to the infection.

What treatment would you prescribe? Penicillin alone or penicillin plus streptomycin or
gentamicin are the preferred treatment options. The combination allows for a shorter total
course of therapy. All drugs are given parenterally (IV or IM). If she is penicillin allergic, she
could get vancomycin. Bacteriostatic drugs such as erythromycin cannot be used for the
treatment of endocarditis.

6. A 12-year-old boy presented to the doctor with a papular (bumpy) leg rash, which he thought was
from poison ivy. He tried some low potency steroid cream (1% hydrocortisone) to relieve the itch,
but it got worse and the rash progressed to involve almost the whole leg. There are some blisters
from which fluid can be sampled and on Gram stain they show some white blood cells and
gram-positive cocci in chains. (6 points)

Which organism does this patient have? Explain your reasoning. (3 points) Gram-positive cocci
arranged in chains suggests streptococci. The streptococcal species commonly causing skin
infections is S. pyogenes. S. aureus alone or in combination with streptococci can be involved
in this kind of problem.

What is this disease called? Pyoderma or streptococcal impetigo.

How would you treat it? Penicillin, or erythromycin if allergic to penicillin. Topical therapy
with mupirocin or fusidic acid (not available in the U.S.) is also effective and might be easier
for cases that involve only small areas of skin.

What is the likely outcome (prognosis) of the disease? Patients recover quickly but in rare cases
toxin production can cause serious systemic complications. In this setting, clindamycin might
be useful to abort the production of toxin.
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7. A10-year-old girl presents to her primary care physician with a severe sore throat, headache,
nausea, and abdominal pain. Examination shows the back of her throat is covered in a purulent
exudate with white pus-filled nodules. Culture of the exudate on blood agar produces
beta-hemolytic colonies composed of gram-positive cocci in chains. (7 points)

What organism do you suspect? Explain your reasoning. (3 points) Gram-positive cocci in
chains suggests streptococci. Those which are beta-hemolytic on blood agar are the
serotypable groups A through D, F, and G. A throat infection suggests strep throat and thus S.
pyogenes.

What disease is this? Strep throat.

Name two other diseases this organism produces? (2 points) Select from Scarlet fever, rheumatic
fever, glomerulonephritis, pyoderma, and erysipelas.

What treatment would you offer her? Penicillin, or erythromycin if allergic to penicillin. Other
antibiotics such as macrolides, cephalosporins, and other penicillins are also quite effective.

8. A 3-day-old infant, who was born 2 months premature, begins having difficulty in breathing and
has a temperature of 102°F. Chest x-rays reveal lung consolidation typical of pneumonia. Bacteria
isolated from his blood are beta-hemolytic, gram-positive cocci in chains, which are serotypable
as type B. (4 points)

View a related image
View a related image A labeled view of this image

Which organism is the baby infected with? Streptococcus agalactiae.

What other major disease does it cause? Skin and soft tissue infections, endocarditis,
bacteremia, pneumonia, arthritis, and infections of the female genital tract.

How would you treat it? Penicillin or erythromycin.
If it had been alpha-hemolytic, what alternative diagnosis would you have made? S. pneumoniae.

9. A 35-year-old man is rushed to the hospital with breathlessness, fever, pain, and a gross swelling
of his left leg. His daughter had contracted chicken pox 3 weeks earlier and he caught the disease
from her 1 week ago. On visiting his primary care physician, the man was prescribed acyclovir
and hydrocortisone cream (the latter to treat the blisters). The male patient was rushed to surgery
where he was found to have severe purulence and dead muscle tissue in the calf of his leg, which
tracked up to the thigh. Gram-positive cocci in chains isolated from the leg were beta-hemolytic
on sheep blood agar and sensitive to bacitracin. Shortly after surgery, the patient suffered a
cardiac arrest and died. (7 points)

View a related image

What were the roles of chicken pox and hydrocortisone cream in the development of this
disease? What disease is it? (3 points) A specific association exists between chicken pox and
group A strep. Additionally, Varicella can depress the immune system, and hydrocortisone
cream may have a limited suppressive effect. If the skin is colonized by group A streptococci,
they can enter through the varicella lesions and become invasive "flesh-eating bacteria."

Could anything have been done to prevent the infection? If so explain how. (2 points) Both the
man and his daughter could have been vaccinated against chicken pox. As an alternative, the
doctor may have refrained from treatments using hydrocortisone cream. Antibacterial creams
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may have been used but are not appropriate for all patients with chicken pox. Finally, the
doctor could have administered antiviral medications such as acyclovir to shorten the severity
and duration of chicken pox.

Name two other diseases caused by this organism. (2 points) Select from pyoderma, erysipelas,
rheumatic fever, and strep throat.

10. A 40-year-old injection drug user is admitted to the hospital after several weeks of fever and
dizziness. He is found to have cellulitis in his right arm, on which a large area is inflamed and
oozing. Cardiac evaluation demonstrates an abnormal EKG and systolic murmur. A Gram stain of
blood cultures reveals gram-positive cocci in pairs, short chains, or clusters which do not
demonstrate hemolysis on sheep blood agar (6.5% NaCl) and are positive for bile esculin and the
L-pyrrolidonyl-beta-naphthylamide (PYR) test. (4 points)

What is wrong with this patient? Bacterial endocarditis.

What organism is causing his condition? What led you to this diagnosis? (2 points) Enterococci
(all of which bear the group D surface marker but are not members of the genus,
Streptococcus. Gram-positive cocci in chains usually mean streptococci although enterococci
can also look like this on Gram stain. Enterococci usually bear the same Lancefield type as
group D streptococci, although they are not closely related to them in other ways. The PYR test
is very helpful in distinguishing them (enterococci are positive and group D strep are negative)
as is growth in 6.5% NaCl (enterococcus can grow there and group D strep cannot).

What problems could be encountered in treating this disease? Enterococci can be multi-drug
resistant. The most active drugs are penicillins (such as penicillin, amoxicillin, and
piperacillin), glycopeptides (such as vancomycin), and oxazolidinones (such as linezolid). Drug
resistance to all these agents is reported, and vancomycin resistance in particular has become
an epidemic problem in hospitalized patients.

11. A 67-year-old woman with non-insulin-dependent diabetes mellitus (NIDDM) presents with a
2-day history of wheezing and a productive cough. On physical examination, she has a rapid pulse
and fever. A chest x-ray shows pulmonary infiltration classic of pneumonia. A Gram stain shows
gram-positive cocci in pairs and short chains, which were alpha-hemolytic on blood agar and
sensitive to Optochin. (7 points)

View a related image

What organism is the patient infected with? Explain your reasoning. (2 points) Pneumoccoccus.
Gram-positive cocci in chains means streptococci. Alpha-hemolytic on blood agar means
viridans or pneumococcus, but only pneumococcus is sensitive to Optochin.

What risk factors does she present for the disease? (2 points) Age and NIDDM.

Name two other populations at risk from this organism. (2 points) Select from asplenic, very
young, immunosuppressed, those not immunized with pneumococcal vaccine, alcoholic,
undergoing steroid therapy, HIV infected, those who received an organ transplant, those living
in severely overcrowded conditions, and those who had recent prior viral pneumonia
(especially influenza).

What problems might be encountered in her treatment? Multi-resistance of pneumococcus.

12. A medical student on an international program in Namibia sees a 1-week-old infant with an eye
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infection. A sample of discharge from the eye is found to contain encapsulated, paired,
gram-negative cocci. (4 points)

View a related image

View a related image A labeled view of this image

What disease is the child suffering from? Ophthalmia neonatorum caused by Neisseria
gonorrhoeae.

How is she likely to have contracted it? Via vaginal contact from her mother.
What are the possible outcomes of the disease? Blindness.

What action must you take on diagnosing this disease? Notifiable to authorities. In the U.S.,
state Departments of Health acquire this information from laboratories doing testing for
gonorrhea, although it is ultimately the responsibility of the doctor to notify the health
authorities.

13. A 15-year-old boy presents at the emergency room with a 24-hour history of painful urination. He
has discharge in his underwear and on the tip of his penis. Urine appears clear, although many
white blood cells are present. Urine culture is negative for bacteria on MacConkey and sheep
blood agar. The young man gives a history of heterosexual activity with five partners over the past
6 months. All his partners were "clean™ he said. A Gram stain of the discharge reveals
gram-negative diplococci. (6 points)

Does this patient have a bacterial infection? If so, why was there no bacterial growth on the agar
plates? (2 points) The presence of white blood cells suggests infection. To detect Neisseria
gonorrhoeae, a chocolate agar test should have been completed. A selective media, such as
modified New York City media, is necessary to isolate N. gonorrhoeae from clinical specimens.
In the absence of bacterial isolation, Chlamydia may be suspected. When culture testing is not
feasible for gonorrhea, quicker and equally reliable tests exist (ligase chain reaction, PCR)
that can be done on urine or genital secretions.

Is this a sexually transmitted disease? If so, why are all his partners "clean? Yes, many women
are asymptomatic.

What therapy would you prescribe? Cefriaxone, cefixime, ciprofloxacin, or ofloxacin. Current
recommendations of the U.S. Public Health Service suggest that any patient with N.
gonorrhoeae should also be treated for Chlamydia.

What further action would you take? (2 points) Notifiable disease.

14. An 18-year-old college student came home to visit her family for the weekend and was healthy
until yesterday evening, when she went to bed with a headache and fever. This morning her
mother found her drowsy and lethargic. On presentation to the emergency room she was found to
have an elevated temperature, increased heart rate, and a purple blotchy rash on her trunk, legs,
and wrists. Gram staining of blood cultures and skin lesions reveals gram-negative cocci. Her neck
is supple and cerebrospinal fluid cultures are negative. (6 points)

What bacterium is causing this young woman’s illness? Explain your reasoning. (2 points)
Neisseria meningitidis. Gram-negative paired cocci indicate a Neisseria or Moraxella
species. Moraxella could not cause such symptoms, plus symptoms of rash indicate
meningococcemia.
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How is she likely to have contracted the disease? Oral flora in droplets.

Why were tests done on her cerebrospinal fluid? This organism causes meningitis. In this
patient the infection did not involve the meninges.

Name one group of patients who is at risk from this organism. Asplenic, complement
deficient, daycare children, young adults, and military personnel.

Are there any other steps you may need to take? If so describe them. Family has been in
contact with her, prescribe prophylactic therapy (single dose of ciprofloxacin generally
is effective). Find out if there are any other cases on campus. A vaccine is available and
usually recommended to college students. The vaccine is useful in young people in
general — especially helpful when they live in close quarters (boarding school or
college dorms, military basic training, etc.). It is not very helpful to administer it after
a case of meningitis, but that is usually when awareness is the highest.

Gram-negative bacilli

1. A 20-year-old normally healthy woman with a history of urinary tract infection (UTI) presents to

the emergency room with nausea (no vomiting), left flank pain, fever, chills, and foul-smelling
urine. Urinalysis shows large numbers of white and red blood cells per high power field
accompanied by large numbers of motile, gram-negative rods. These organisms produce lactose-
positive (pink) colonies on MacConkey agar. (7 points)

What is wrong with this young woman? Is this a classic UT1? Explain your answer. (3 points)
Pyelonephritis. Red and white blood cells in the urine and flank pain indicate this has
progressed further than a bladder infection and into the kidneys. It can be diagnosed as
pyelonephritis because of flank pain.

Which organism is causing her infection? Explain your reasoning. (3 points) Production of pink
colonies on MacConkey agar indicates a coliform. This eliminates Proteus species. Coliforms
causing UTI include Citrobacter, Enterobacter, and Klebsiella. The most common causative
agent of UTI is Escherichia coli and this may be further confirmed by performing a spot indole
test directly on the sheep blood agar plate. Addition of Ehrlich reagent will produce a
blue-green coloration of the colony; the identity of E. coli can also be confirmed using an
automated test such as API-20E or Enterotube.

Name another bacterium commonly causing UTI. Proteus mirabilis, Citrobacter freundi,
Enterobacter cloacae, and Klebsiella pneumoniae.

2. Ayoung woman presents with hematuria (blood in urine), fever, and lower back pain. A sample of

urine reveals non-encapsulated, non-coliform enteric bacilli that show a characteristic "swarming"
pattern on agar. A CAT scan of the abdomen (to look for a structural renal problem) confirms the
presence of a kidney stone. (4 points)

View a related image A labeled view of this image

Which organism does she have? Explain your reasoning. (2 points) Proteus mirabilis is the most
common of the swarming Proteus species, but P. vularis and P. pernneri are also possible.
Non-coliforms causing UTI with similar symptoms include Proteus, Morganella, and
Providencia species, however swarming is a hallmark of Proteus. The extreme amount of
urease produced by Proteus species gives them an association with struvite stones (magnesium
ammonium phosphate in composition).
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Name another bacterial cause of urinary tract infections. Eshcherichia coli, Morganella morganii,
Citrobacter freundii, Enterobacter cloacae, and Klebsiella pneumoniae.

Name another disease this organism causes. Commonly isolated from mixed wound infections
contaminated with soil, especially decubitus ulcers; also associated with bacteremia, some
nosocomial infections, pneumonia.

3. A9-year-old boy with a 2-day history of diarrhea presents to the emergency room with blood in
his stools and increased stool volume. He has vomited once. The boy went to a cookout 5 days
earlier and ate a hamburger that was still "pink" inside. On examination he is well, apart from
some dehydration. A culture of stool samples produces lactose-positive (pink) colonies on
MacConkey agar, but non-fermenting colonies on MacConkey with sorbitol substituted for
lactose. (6 points)

View a related image
View a related image

What is most likely wrong with this child? What important facts led you to this diagnosis? (3
points) Pink colonies on MacConkey will not distinguish the pathogen from the normal fecal
flora. Escherichia coli is the most likely agent to be causing the symptoms and will be an
enterohemorragic strain, such as 0157:H7 which only ferments the sugar sorbitol slowly.

How is this organism usually spread? How could its spread be prevented? It is usually spread
through undercooked meat, especially beef. Cooking ground beef until it is 160°F in the center,
not pink, and juices run clear ensures destruction of this microbe.

What might happen to the patient? (2 points) Kidney failure (Hemolytic Uremic Syndrome)(5%
to 10% chance) with a 5% mortality rate in those cases; numbers are much lower among adults.

4. A Hispanic patient presents in the emergency room with a fever and is passing blood and mucus in
his stools. The patient is in considerable distress. His nephew tells the physician that his uncle has
only been in the United States for 3 days and has come on vacation from Puerto Rico. Stool
samples reveal a non-motile, non-encapsulated, non-lactose fermenter, gram-negative bacillus.
Proctoscopy determines that the organism has invaded the large intestine. (5 points)

View a related image

What is the patient infected with? Explain your reasoning. (2 points) Shigella species. His
symptoms point to Shigella, Salmonella, or Escherichia coli. It is not E. coli, because it is a
non-lactose fermenter (occasionally, rare lactose-negative E. coli strains are isolated).
Salmonella are motile; thus it is Shigella. Also, the patient has come from Puerto Rico, where a
recent outbreak occurred, so suspect this organism.

How is he likely to have contracted it? Close contact with an infected person, especially an
infant, or contaminated food and water.

What treatment would you prescribe? Oral rehydration therapy, treat with fluoroquinolones,
TMP-SMX, or a cephalosporin.

Name another bacterium that causes bloody diarrhea. E. coli.

5. A 34-year-old Haitian male is referred to the hospital with a 2-week history of fever, nausea,
vomiting, and diarrhea. On the day of admission, the patient is found to have an elevated pulse
and lowered blood pressure. He is put on an intravenous drip and given antibiotics. Blood and
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stool cultures show a gram-negative rod, which grows on MacConkey agar as white colonies
(lactose negative). Diagnosis of the organism is suggested by its growth on triple sugar iron (TSI)
agar where it produces a small ring of H2S at the top of the slant. (5 points)

View a related image

What is the patient infected with? Why does the TSI agar suggest this diagnosis? (2 points)
Salmonella typhi. TSI growth like this is classic of S. typhi but rare among other Salmonella.

How is this bacterium spread? Oral-fecal route.

The patient is a cook. What action should be taken before he is allowed to return to work? (2
points) Three negative stool cultures obtained over a period of 5 to 7 days.

6. An 11-year-old girl is admitted to the hospital for treatment of lymphoma. During cytoreductive
chemotherapy, she develops a fever and pneumonia. Analysis of pulmonary fluid shows a few
white cells (neutrophils) and slender, gram-negative rods. The isolated bacteria produce a
characteristic apple-green pigment on trypticase soy agar. (7 points)

View a related image A labeled view of this image

What organism is likely to be causing the infection? What led you to this diagnosis? (2 points)
Slender, gram-negative rods producing apple-green pigment and causing pneumonia are likely
to be Pseudomonas aeruginosa.

How is the patient likely to have contracted this bacterium? (2 points) P. aeruginosa is one of the
most common nosocomial pathogens. Patients who are very ill may become colonized with
Pseudomonas and subsequently may progress to infection.

Name another group of patients at risk from this bacterium. Cystic fibrosis patients, critically ill
patients, patients with burns, heavy antibiotic exposure, and chronic illness (especially a
prolonged hospital or nursing home stay).

7. A5-month-old boy is admitted to the hospital with a 24-hour history of choking spells. These
began with repeated coughing where the child turned red and gasped for breath. In the previous 2
days he had also had two episodes of vomiting. The baby was found to have an increased
breathing rate, which was labored, but his chest x-ray showed no evidence of pneumonia. Blood
work showed an abnormally large percentage of lymphocytes (70%). Nasopharyngeal swabs
cultured grayish, "mercury-like" colonies, and a Gram stain revealed minute gram-negative
coccobacilli. (5 points)

What is wrong with the baby? What led you to this diagnosis? (3 points) Whooping cough.
Gasping for breath in the absence of pneumonia, a causative agent of minute coccobacilli, and
the finding of large numbers of lymphocytes all confirm this diagnosis.

Is this an unusual disease for a child to have? Could it have been prevented? (2 points) Children
under the age of 2 are at risk, but there is a vaccine. Babies born to mothers with active
pertussis can get prophylaxis with erythromycin. Older babies are too young to have fully
responded to vaccine and may acquire the disease from adolescents or adults (the fastest
growing risk group for pertussis).

8. A male patient returned last weekend from a vacation in Kenya where he went on safari with his

wife. He presents with fever, chills, headache, nausea, and weakness. On examination he is found
to have an enlarged lymph node in his groin, which is tender. A sample of blood taken from the
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9.

10.

patient shows a capsulated, bipolar-staining, gram-negative rod present in the bloodstream. The
physician begins treatment of the patient with chloramphenicol immediately. (6 points)

What organism is this patient likely to have? Explain your reasoning. (3 points) Yersinia pestis
(plague). An enlarged inguinal lymph node plus the presence of a gram-negative rod points to
Haemophilus ducreyi or Yersinia pestis. Haemophilus species are not bipolar staining, and he
has no history of sexual contact with a chancroid-infected partner, so it is Yersinia.

How is he likely to have contracted it? Classically, through a bite from a rat flea.

Name one animal reservoir of this bacterium? Major reservoirs in the U.S. are the fleas of rats,
prairie dogs, and squirrels, and dogs and cats that have contact with those infected rodents.

What is the prognosis (outcome) of the disease following the chloramphenicol treatment? 90%to
95% recovery.

A young male homosexual patient presents with a burst inflammatory ulcer on his groin. He
returned from a trip to South America at the end of August. The sore recently worsened and is
extremely painful, which is why he sought treatment. He is afraid it is syphilis since he had sexual
relations with a young male in South America. The physician takes a sample of the exudate from
the ulcer and finds it to contain gram-negative coccobacilli, which look like "rice grains" under
the microscope. The bacteria need to be cultured under special conditions on blood and chocolate
agars. The patient is prescribed azithromycin. (4 points)

What organism is causing this infection? What observations have led you to this diagnosis? (2
points) Haemophilus ducreyi. The rice grain appearance suggests Haemophilus species as does
the need for special culture techniques. The patient suspects a sexually transmitted disease.

Why is the inflammatory ulcer unlikely to be syphilis? Syphilis is painless, but the chancroid is
painful.

What is the prognosis of the disease following treatment? If recommended treatments (such as
azithromycin, ceftriaxone, erythromycin, or ciprofloxacin) are followed, the recurrence risk of
chancroid is quite small.

A 1-year-old Eskimo child, Melissa, was admitted to a hospital in Alaska following a seizure and is
limp and unresponsive. Her mother tells the physicians that the child had a runny nose earlier in
the day and has been suffering from a cold for several days since beginning her enrollment at a
daycare center. On closer examination, the patient is found to have an elevated temperature, rapid
pulse, and supple neck. Overnight her neck becomes stiff, and blood and cerebrospinal fluid
cultures are positive for gram-negative coccobacilli, which look like "'rice grains™ under the
microscope. The bacteria need to be cultured under special conditions on blood and chocolate
agars. (5 points)

View a related image A labeled view of this image

View a related image A labeled view of this image

What organism is causing Melissa’s condition? What led you to this diagnosis? (3 points)
Meningitis caused by Haemophilus influenzae type b. The three most common causative
agents of meningitis are meningococcus, pneumococcus, and Haemophilus influenzae.
The other two organisms are a gram-negative cocci and a gram-positive cocci.

How has Melissa contracted her infection? Coughs and sneezes.
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Could her disease have been prevented? A vaccine has been available since 1988 and is
the standard care in North America and Europe. Although the incidence of the disease
is extremely low (only 2 cases per 100,000 children based on 1995 statistics from the
Centers for Disease Control and Prevention), non-vaccinated children, children in
daycare centers, and individuals of Native American or Eskimo decent are at greater
risk for contracting the disease.

Gram-positive bacilli

1. A male textile worker in a fur store is admitted to the emergency room of a New York City
hospital suffering from breathing difficulties and coughing spasmodically. A chest x-ray reveals
pleural effusions and widening of the mediastinum. Two things confirm the diagnosis of this
disease to an alert attending physician. The first is the presence of vesicular lesions and black,
necrotic skin tissue on the man’s hands. The second is the presence of large, gram-positive bacilli
in the vesicle fluid. (6 points)

Which disease is this? Explain your reasoning. (3 points) Bacillus anthracis, pulmonary anthrax.
Gram-positive, spore-bearing bacteria suggest either bacilli or clostridial organisms. His
occupation suggests contact with hide and furs and thus a zoonotic disease. Symptoms suggest
some previous cutaneous exposure. Points to B. anthracis.

What is the name of the necrotic skin tissue? Eschar.

Name two occupations that are associated with increased risk of infection by this organism?
Wool or hide worker, veterinarian, livestock handler.

2. A male injection drug user presents at the emergency room with nausea, vomiting, and severe
stomach cramps, which began suddenly 18 hours ago. When interviewed, the patient stated that
his last meal was a carton of rice from a Chinese restaurant that he found in a dumpster. Prior to
this he was healthy, with no infection of any kind. The attending physician suspects a food
intoxication. (4 points)

View a related image A labeled view of this image

What organism makes the toxin that could have caused this food intoxication? Bacillus cereus.

How could a physician confirm this diagnosis? (2 points) Isolate B. cereus or identify the
pre-formed toxin from the food source, if available.

What treatment would you prescribe for the patient? None, the illness is self-limiting.

3. A male patient was admitted to the hospital for intravenous antibiotic treatment of folliculitis. He
began a second course of antibiotics, this time ampicillin, a few days ago and has begun suffering
from diarrhea, abdominal cramps, and fever. Blood work reveals an increase in his white blood
cell count. Stool samples were found to contain patches of colonic epithelium. The infectious
agent was confirmed to be a gram-positive, spore-forming bacillus by inoculating onto
cycloserine-cefoxitin fructose agar and performing an enzyme immunoassay to confirm the
presence of toxins A and B, generated by the microbe, in the stool. (6 points)

What is causing this patient’s infection? Explain your reasoning. (3 points) Clostridium difficile.
Gram-positive, spore-bearing bacilli suggests either Bacillus or Clostridium species. Bacillus
species do not cause colitis and generally must be isolated from foods (but sometimes also
from the patient), and they mediate disease through preformed toxins. Usage of antibiotics
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suggests antibiotic-induced colitis and thus, C. difficile.

What is this disease called? Antibiotic-induced colitis is a good general term. There are many
people with antibiotic-associated diarrhea who do not have colitis. Sometimes this is called
pseudomembranous colitis (since pseudomembranes may be seen on the colonic surface).

What is the significance of the patches of epithelium? Pseudomembranes which are sloughed off
during the infection.

What treatment would you prescribe? Oral rehydration therapy, metronidazole if therapy is
necessary, oral vancomycin in refractory cases.

4. A25-year-old worker at Acme told a coworker on the day prior to hospital admission that she felt
dizzy and confused and was experiencing some double vision. Her coworker became concerned
and drove her home. That night the patient woke at 2 a.m. having difficulty in swallowing and
immediately phoned for an ambulance. On admission, she appeared weak and drowsy with no
swelling of her tonsils or lymph nodes. She had no history of flu-like iliness. The last meal she
ingested had been at lunch of the previous day and consisted of a carton of fruit yogurt and a
cheese and bologna sandwich with home canned salsa made with low-acid tomatoes. The patient’s
condition subsequently worsened, and she required 6 weeks of supportive care, including 5 weeks
on a ventilator. No bacterial species were isolated from her stool samples using standard
techniques. (4 points)

What do you think was wrong with the patient? (Think of her symptoms.) Botulism caused by
Clostridium botulinum.

How is this organism acquired? Where do you think she contracted it? (2 points) Contaminated
food; her meat, cheese, homemade salsa, or yogurt could all be sources.

Why were stool samples negative? What special conditions might this bacterium need? The
organism may not ever grow from the patient’s stool. It is important to culture the offending
food! It is anaerobic.

5. A65-year-old alcoholic was taken to the emergency room with severe necrotic, blackened areas
on both feet and several draining ulcers on his heels and toes. He was stuporous. During that
evening he had a seizure and was treated with phenytoin and barbiturates. By the end of the night
he had developed increasing rigor and respiratory distress and was unresponsive. His neck was
stiff and hyperextended and his teeth clenched in a grimace. Specific therapy and supportive care
led to his full recovery. (5 points)

What organism is causing this disease? Clostridium tetani.

What virulence factor does it produce that is associated with the facial symptoms?
Tetanospasmin.

What is the unusual ghostly smile-like facial expression called? Risus sardonicus.

What specific therapy is used to treat this infection? (2 points) Debridement, human tetanus
immune globulin, and muscle relaxants.

How might the infection have been prevented? Vaccination.

6. A U.S. physician in a program offering medical care in Tajikistan (part of the former U.S.S.R.)
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examines an 18-month-old child who has been suffering from cold symptoms for the past 10 days.
Four days ago, he was seen by a physician and found to have a fever, an exudate on his pharynx,
and enlarged cervical lymph nodes. His chest was clear. A throat culture was taken and the child
given a course of ampicillin. On day 10 of the infection, the child’s condition worsened. He
became increasingly lethargic, developed respiratory distress, and was admitted to a hospital. On
examination, the child was found to have an exudate in the posterior pharynx consisting of a
yellowish, thick membrane. A non-spore-forming, gram-positive rod, which displayed a palisades
arrangement, was recovered from it. (5 points)

Which organism is the child infected with? What led you to this diagnosis? (2 points)
Corynebacterium diphtheriae. Indicated by the patient’s symptoms, plus the membrane
formation and palisades arrangement of the non-spore-forming gram-positive rod.

To cause disease, does this organism invade the circulatory system? If not, how does it cause
disease? (2 points) Toxin enters blood; organism stays in pharynx.

Could the child’s disease have been prevented? If so, how? Yes, by vaccine. The disease is rare
in the U.S. but arises in countries where vaccines or medical care are less accessible.

7. A 20-year-old woman is admitted to the hospital with symptoms of confusion and dizziness,

having suffered a seizure 20 minutes earlier. She is accompanied by her roommate, a Physician's
Assistant student, who tells the physician in attendance that the patient has leukemia and first
became ill the day before. "The patient’s symptoms the previous day were relatively
non-specific,” the roommate says. "They consisted of a low fever, diarrhea, and a sore throat."
Analysis of the patient’s cerebrospinal fluid reveals septic meningitis with large numbers of
gram-positive, regular, non-spore-forming rods. (6 points)

Which organism is infecting the patient? Explain your reasoning. (3 points) Listeria
monocytogenes. The finding of gram-positive, regular non-spore-forming rods suggests Listeria
or Erysipelothrix. Symptoms, lack of animal contact, consumption of dairy foods, plus the
immunocompromised status of the patient, point to L. monocytogenes.

What is the outlook for the patient? Thirty-three percent chance of death.

What treatments are useful? Antimicrobial therapy with intravenous ampicillin or
trimethoprim-sulfamethoxazole is most likely to be effective. Cephalosporins are not useful.

Name another group at risk of infection from this organism. Pregnant women and their unborn
fetuses.

. Jacob, an HIV-positive male with advanced infection, presents with a 3-month history of

increasing night sweats, severe fatigue, fevers, and chills. On examination, the patient has a
distended abdomen and an enlarged liver, is anemic, and has severe diarrhea. T cell counts reveal
that the patient has relatively few helper T cells in the blood (22 CD4+ T cells per microliter;
normal range is 850 to 1100 CD4+ T cells per microliter). Blood and stool cultures reveal small
acid-fast bacilli. (3 points)

View a related image

Which acid-fast organisms produce disseminated infection in HIV patients? (2 points)
Mycobacterium avium complex (MAC).

How has Jacob acquired this infection? Soil or water (transmission of MAC is not via human-
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to-human contact).

9. Awoman, who is 28 weeks pregnant, presents to her primary care physician with fever, headache,
chills, urgency of urination, and decreased appetite. He immediately admits her to the hospital
where she is found to have a mild fever, abdominal tenderness, and no evidence of either a
sexually-transmitted disease or urinary tract infection. Ultrasound shows no fetal movement.
Labor is induced and a stillborn infant delivered. Cultures of blood, placenta, and umbilical cord
all grow a grayish-white colony, which is beta-hemolytic on blood agar. Gram staining reveals
gram-positive, regular, single, non-spore-forming rods. (4 points)

What organism is infecting this patient? Listeria monocytogenes.

Name two sources of infection by this organism. Meat, hot dogs, cold cuts, cheeses, and ice
cream.

What property of this organism may assist its spread? Can grow in the refrigerator.

10. Robert, a 50-year-old HIV-positive male, presents to his primary care physician with a 3-month
history of fevers, night sweats, productive cough, and an 11-kilogram weight loss. He is not an
injection drug user or homosexual, but admits to numerous heterosexual encounters. The patient
was released from jail 3 years ago, has a past history of numerous stab wounds, and is a confirmed
alcoholic. Acid-fast stains of his sputum are positive, and the bacteria were isolated from the right
middle lobe of his lung. (6 points)

View a related image

What organism is Robert infected with? Mycobacterium tuberculosis.

Give an example of two other sites of the body that might be attacked by this bacterium,
apart from the lung. (2 points) Genitals, meninges, renal, lymph nodes, or bones.

What risk factors does Robert have for infection with this organism? (3 points) Time in
prison, HIV, and alcoholism.

Spirochete and curviform bacteria

1. A5-week-old baby was admitted to the hospital with a 1-week history of rhinitis, cough, fever,
and a peeling rash on her hands and feet. She had an uneventful neonatal period. Four days after
admission she was intubated because of periods of breathing difficulty. The baby recovered from
her illness 5 days later. Radiography demonstrated hepatosplenomegaly and extensive periostitis
and metaphyseal destruction. The baby was successfully treated with intravenous penicillin and
released 14 days later. (4 points)

View a related image A labeled view of this image

What is wrong with this baby? What has led you to this diagnosis? (2 points) Congenitally
acquired syphilis. Peeling of hands and feet point to this diagnosis.

How did she become infected? Through contact with the mother’s birth canal.

What counseling, if any, would you give her parents about her condition? The baby’s mother
became infected during pregnancy and still requires treatment for the condition.

What important prevention opportunities were missed here? Screening for syphilis during
pregnancy can prevent almost all cases of congenital disease. At worst, a screening test at the
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time of delivery is worthwhile.

2. The patient returned from a hiking trip in western Oregon about 5 days ago. He is admitted to the
emergency room suffering from a high fever, chills, headache, and sporadic vomiting. There is no
evidence of any tick bites on his body (indeed he says he used insect repellent), and he has had a
poor appetite since his return from vacation. Blood work reveals the presence of circulating
spirochetes with curved hooks on one end of the organism. (6 points)

What kinds of spirochete organisms could be causing this patient’s illness based on his recent
activities? Which of these, if any, can you eliminate? (3 points) Borrelia and Leptospira species
could be causing the illness. Borrelia spp. are tick-transmitted, leaving Leptospira as the cause.
However, it is important to note that many people are not aware of tick bites, so a negative
history for them should not be considered unassailable.

What disease is this? Leptospirosis.
How did he contract it? Bathing and/or wading in water contaminated with urine.

Do you anticipate any long-term problems? Deep systemic involvement, Weil’s syndrome, which
attacks the kidneys and liver.

3. Ayoung female university student has been backpacking through the woods in Pennsylvania and
presents to her primary care physician with a stiff neck, malaise, and evidence of healed insect
bites. She also has a rash on her arm, which forms a series of flat reddened rings in the form of a
bull’s eye. (6 points)

View a related image A labeled view of this image

What disease does the young woman have and what is the significance of how she spent her
vacation? She has Lyme disease which is endemic to the state of Pennsylvania.

What is the life cycle of the organism? Lyme disease is transmitted by Ixodes hard ticks; man is
an accidental host. Natural hosts include deer, mice, and squirrels.

Name two other states in which the disease is common? Massachusetts, New York, Connecticut,
New Jersey, Rhode Island, Wisconsin, and Maryland. Low risks occur throughout the southeast
states and Mississippi River Valley, although there are some pockets on the West coast.

How would you treat the young woman? Doxycycline, amoxicillin, or a cephalosporin.

4. Ayoung woman, who has just returned from a vacation in South America, is admitted to the

emergency room with vomiting and severe diarrhea, which has been going on for about 3 hours
and is accompanied by muscle cramps and a severe thirst. On examination, the patient is found to
have a lowered blood pressure and rapid heart rate; her eyes appear somewhat sunken. She is
producing copious amounts of "rice water stools” (odorless and flecked with mucus) which
contain gram-negative, curved, motile bacteria with a brisk, darting motility. (6 points)

What is wrong with this patient? What led you to this diagnosis? (2 points) Cholera. She has
become rapidly dehydrated (in only 3 hours) due to passage of large stool volume. The rice
water appearance of stools and nature of the organism suggest Vibrio cholerae.

How did she contract her illness? Eating contaminated food and/or drinking contaminated
water.
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What virulence factor of the bacterium is causing her symptoms? Cholera toxin.

What treatment would you prescribe? (2 points) Oral rehydration therapy and tetracycline.

5. Acollege student presents to the outpatient medical clinic for evaluation of diarrhea and

abdominal discomfort. His symptoms began 1 week ago, and he has subsequently had up to three
loose bowel movements a day, plus crampy abdominal pain. The patient states that he has "not
been able to hold anything down™ during this time except some fluids. The last meal he ate, prior
to infection, was at a fraternity cookout where he had chicken. Culture of the stools on a variety
of media including Hektoen agar, Yersinia agar, and MacConkey sorbitol agar were all normal, but
Campylobacter agar revealed a slightly-curved gram-negative rod. No occult blood was seen in
the stools. This organism is found in normal fecal contamination from chickens and reflects
unsanitary and unhygienic handling of food products. (4 points)

What organism is likely to be causing the patient’s symptoms? What led you to this diagnosis? (3
points) Vibrio cholera (and other Vibrio species), Helicobacter, and Campylobacter are possible
candidates. Cholera would have produced more severe symptoms and more stools, and other
Vibrio infections are associated with ingestion of seafood instead of chicken. Helicobacter
doesn't cause enteritis. The causative agent, Campylobacter, is the most common cause of
bacterial diarrhea and is commonly associated with chickens.

How is he likely to have contracted this organism? Eating chicken.

. A 62-year-old woman with a previous history of gastric ulcers presents to her gastrointestinal

clinic. Recently she has noticed increasing episodes of heartburn with pressure in the abdomen
which radiates to her chest and neck. Radiology shows a thickened fold within the stomach. A
biopsy of the antral stomach (obtained by gastroscopy) shows moderate gastritis. Large numbers
of a slightly curved gram-negative rods were also seen on a Gram stain of the biopsy sample. The
biopsy sample is subjected to a "CLO" test and scores positive for the presence of large amounts
of urease. (6 points)

What is causing this patient’s gastritis? What led you to this diagnosis? (2 points) Curved
gram-negative rods suggest Campylobacter, Helicobacter, or Vibrio. There is no
diarrhea at all, so the organism is not cholera or Campylobacter. It is more likely to be
Helicobacter due to her age and previous history.

How does this organism survive the pH of the stomach? (2 points) It produces a urease,
which catalyzes the hydrolysis of urea to ammonia and increases pH of the
microenvironment.

What other clinical symptoms have been linked to this organism? (2 points) Peptic
ulcers, mucosa-associated lymphatic tissue lymphoma, and adenocarcinoma of the
stomach.

Intracellular and miscellaneous bacteria

1. A male patient returned from a walking tour in the Blue Ridge Mountains, Virginia, 2 days ago. He

presents to his primary care physician with fever, chills, headache, and muscular pain. His
physician suspects it may be a combination of unaccustomed exercise plus too much sun and
prescribes bed rest and painkillers. Two days later, the patient is admitted to the hospital in a
confused state with a body rash covering his torso and right leg. An alert attending physician
notices small insect bites on the leg and immediately prescribes tetracycline, since he suspects a
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spirochete illness. Although no spirochetes could be isolated from the patient, blood tests did
reveal elevated specific antibodies that did confirm the diagnosis. (5 points)
View related images

What is this patient suffering from? Rickettsia rickettsii (Rocky Mountain Spotted Fever).
How is he likely to have acquired the disease? Hard ticks, Dermacentor.
How could he have prevented his disease? Covered up and used insect repellent.

What is likely to happen to this patient? Ten percent chance of death; lower with appropriate
therapy.

2. A male patient returned home from a walking trip last weekend in South Carolina and woke on
Tuesday with fever, chills, headache, and muscular pain. He later developed a rash. In a highly
agitated state, he went to see his physician because areas of his skin began to turn purple and look
bruised. The physician admitted him to the hospital, where his condition deteriorated, and he
became confused and comatose by late Friday evening. (4 points)

What species of unusual bacteria immediately springs to mind based on what the patient was
doing last weekend? Rickettsia spp., Borrelia burgdorferi, Ehrlichia spp.

If I told you the disease is endemic to the eastern seaboard regions of the U.S., which organism
would you think he had? Rickettsia rickettsii. This is because of the rash.

How is it transmitted? Dermacentor ticks.
What is the likely outcome of this patient’s condition? He may die.

3. Arancher is admitted to the hospital with endocarditis and complains of recurrent fevers, chills,
and muscle aches. He is very agitated because he just delivered a new Texas shorthorn calf 2
weeks ago and is concerned that his son will be unable to look after the valuable animal properly.
Blood cultures failed to recover an organism. A diagnosis was made on the basis of positive
serology to the serotypes of this obligate intracellular bacterium. (4 points)

Based on the above pieces of information, what do you think this patient is suffering from? Q
fever, caused by Coxiella burnetii. Most reported cases in the U.S. are in California and Texas.

What is the significance of his occupation? (2 points) The disease results from contact with
animals or animal products. At risk groups include farm workers, meat cutters, wool workers,
laboratory technicians, and consumers of raw milk. Large amounts of C. burnetii are present in
animal placenta.

What would you prescribe for this patient? Doxycycline or fluoroquinolones or both. True Q
fever endocarditis is very hard to treat and may require years of antibiotics.

4. Afemale patient presents at her primary care physician complaining of pain in her groin. On
examination, she is found to have enlarged inguinal lymph nodes and painless lesions around her
genitalia and anus. She is also 5 months pregnant. Questioning reveals that her boyfriend has
recently returned from a vacation to see his family in Venezuela. She is very distressed and fears
for the baby. A diagnosis was made on the basis of positive serology to the serotypes of this
non-motile, gram-negative, intracellular bacterium.(4 points)
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What do you think is wrong with this patient? Lymphogranuloma venereum, due to serovars of
Chlamydia trachomatis uncommon in the U.S. (L1, L2, L3). These serovars are endemic in South
America.

Do you agree with her concerns for the baby? Yes, although the literature is not clear, these
serovars appear to be able to cause ophthalmia like other Chlamydia trachomatis serovars if
untreated and present in the cervix.

What long-term problems might this patient encounter? Sterility.

What treatment would you prescribe? Erythromycin or azithromycin. If she were not pregnant,
doxycycline would be a possibility.

5. Afemale patient presents to the emergency room with a history of cramping, abdominal pain over
the previous 3 days, and vaginal bleeding. She gives no history of urinary tract infection,
discharge, chills, fever, or vomiting. The pain has increased over the previous 24 hours, and she is
now experiencing a pain in her right side. On examination she has a fever and pelvic pain. An
endocervical swab was taken and the sample used to perform the ligase chain reaction, which
amplifies nucleotide sequences present on the multicopy plasmid present in each cell of the
obligately intracellular bacteria producing the infection. (3 points)

The patient was found to have pelvic inflammatory disease. What two bacteria do you normally
associate with this condition? (2 points) Neisseria gonorrhoeae and Chlamydia trachomatis.

Name another disease caused by organisms belonging to this genus. Ocular trachoma,
psittacosis, and pneumonia.

6. A university student presents to her primary care physician with fever, malaise, a sore throat, and
an unproductive cough. The physician diagnoses her with flu symptoms and suggests bed rest,
analgesics, and plenty of fluids. After 1 week, her symptoms worsened slightly with coryza, chest
pain, and earache. The patient’s primary care physician collects a sputum sample, after some
effort on the patient’s part, and obtains a blood sample. No bacteria are found in the sputum or
blood samples, and the leukocyte total and differential counts are within normal limits. A chest
radiograph shows small diffuse infiltrates that look worse than would have been expected. The
physician is baffled, but having ruled out all other hypotheses, finally decides on a course of
treatment for the patient’s pneumonia involving azithromycin. (7 points)

What does the finding of a lack of bacteria in the sputum and blood in a pneumonia patient
suggest to you? That the bacteria are intracellular or do not have a cell wall.

What condition does this patient have? Primary atypical pneumonia. Sometimes the features
that distinguish this from other outpatient-acquired pneumonias are not so clear, and the entity
is just called community-acquired pneumonia.

Give an example of two bacteria known to cause this condition. (2 points) Chlamydia
pneumoniae and Mycoplasma pneumoniae.

Explain how two bacteria that cause this condition are diagnosed. (2 points) C. pneumoniae is
diagnosed by serology. M. pneumoniae is diagnosed by cold agglutinins and complement
fixation or PCR testing.

Why is tetracycline a good drug of choice for a variety of bacterial illnesses? It affects protein
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synthesis and is therefore effective against gram-positive, gram-negative, spirochete, and
intracellular bacteria as well as those that don't have a cell wall. But tetracyclines sometimes
can fail because they are bacteristatic, and there is some resistance among both community-
and hospital-acquired bacteria. Other antimicrobials also act against protein synthesis and
have a broad spectrum (e.g., macrolides, chloramphenicol) or other important targets such as
gyrase (fluoroquinolones), or polymerase (rifampin).
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Bacterial Mini-Case History Studies
for Courses Involving Medical Microbiology

Gram-positive and gram-negative cocci
Gram-negative bacilli

Gram-positive bacilli

Spirochete and curviform bacteria
Intracellular and miscellaneous bacteria

Gram-positive and gram-negative cocci

1. An infant presents with a severe rash from which areas of skin are beginning to peel off. The
physician first suspects child abuse, since the child appears to be suffering from skin burns. But, a
skin sample reveals abundant gram-positive cocci arranged in clusters that produce
beta-hemolytic catalase-positive colonies on sheep blood agar. (7 points)

View a related image
View a related image

¢ Which other laboratory tests, apart from Gram staining, would you perform to
determine the identity of this organism? (2 points)

e Which organism is causing this condition? Explain your reasoning. (3 points)

¢ What substance is responsible for the effects being seen?

¢ What treatment would you give?

2. A middle-aged man presents to the emergency room with chest pain and is found to have suffered
a heart attack. He has a past history of hypertension, non-insulin-dependent diabetes mellitus
(NIDDM), and high cholesterol. Medical evaluation suggested the need for a triple bypass
procedure. This is performed on the fifth day of his hospital stay. During recovery, he develops
septic shock with fever and pneumonia. Gram-positive cocci in clusters, isolated from both his
lungs (via sputum) and the surgical incision, produce beta-hemolytic colonies on sheep blood agar.
Kirby-Bauer testing demonstrates that the organism is resistant to oxacillin, penicillin,
erythromycin, and gentamicin, but sensitive to vancomycin. Treatment with vancomycin is,
therefore, immediately initiated. (7 points)

View a related image

What is the most likely organism infecting this man? Explain your reasoning. (2
points)

How would you confirm your diagnosis?

How do you interpret the susceptibility data? (2 points)

Name two other diseases this organism causes. (2 points)

3. A man was admitted to the hospital with severe chest pain, which was diagnosed as an acute
myocardial infarction (heart attack). He required admission to the Intensive Care Unit where
invasive monitoring allowed him to survive the myocardial infarction. On the 13th day of
hospitalization he developed a fever. A central venous catheter was removed and blood cultures
were obtained. Two sets of blood cultures showed catalase-positive, coagulase-positive cocci in
clusters. (4 points)
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¢ Which organism is the patient infected with? Explain your reasoning.
e What problems would you anticipate in treating his condition?

4. A 13-year-old female patient presents at her primary care practitioner suffering from a urinary
tract infection. A sample of midstream urine reveals gram-positive nonencapsulated cocci, which
are arranged in clusters and are coagulase negative. (5 points)

e Based on the information given, which organism would you suspect? Explain your
reasoning. (3 points)

¢ What treatment would you prescribe? After initiating therapy, check for potential
resistance which may account for occasional therapeutic failure.

e What other actions, if any, would you take regarding this patient?

5. A44-year-old woman was seen in the office for shortness of breath. She had previously been
diagnosed with mitral regurgitation (backward blood flow through the mitral valve), but this
problem has been stable. She had no symptoms until a few days earlier. Her physician did an
echocardiogram that showed worsened mitral regurgitation and some 1 cm vegetations (small
lumps often associated with valvular infection) on the anterior valve leaflet. Three sets of blood
cultures showed gram-positive cocci in chains. She was reluctant to enter the hospital and asked if
she could be treated with oral medications at home. (5 points)

e What organism is causing this woman’s disease? Explain your reasoning. (3 points)

¢ When the broth bottles are sub-cultured to sheep blood, what do you expect to see
and what test would you include on the blood agar plate?

e How did she contract it?

¢ What treatment would you prescribe?

6. A 12-year-old boy presented to the doctor with a papular (bumpy) leg rash, which he thought was
from poison ivy. He tried some low potency steroid cream (1% hydrocortisone) to relieve the itch,
but it got worse and the rash progressed to involve almost the whole leg. There are some blisters
from which fluid can be sampled and on Gram stain they show some white blood cells and
gram-positive cocci in chains. (6 points)

¢ Which organism does this patient have? Explain your reasoning. (3 points)
e What is this disease called?

e How would you treat it?

e What is the likely outcome (prognosis) of the disease?

7. A10-year-old girl presents to her primary care physician with a severe sore throat, headache,
nausea, and abdominal pain. Examination shows the back of her throat is covered in a purulent
exudate with white pus-filled nodules. Culture of the exudate on blood agar produces
beta-hemolytic colonies composed of gram-positive cocci in chains. (7 points)

e What organism do you suspect? Explain your reasoning. (3 points)
e What disease is this?

o Name two other diseases this organism produces? (2 points)

e What treatment would you offer her?

8. A 3-day-old infant, who was born 2 months premature, begins having difficulty in breathing and
has a temperature of 102°F. Chest x-rays reveal lung consolidation typical of pneumonia. Bacteria
isolated from his blood are beta-hemolytic, gram-positive cocci in chains, which are serotypable
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as type B. (4 points)

View a related image
View a related image
A labeled view of this image

e Which organism is the baby infected with?

e What other major disease does it cause?

e How would you treat it?

¢ If it had been alpha-hemolytic, what alternative diagnosis would you have made?

9. A 35-year-old man is rushed to the hospital with breathlessness, fever, pain, and a gross swelling
of his left leg. His daughter had contracted chicken pox 3 weeks earlier and he caught the disease
from her 1 week ago. On visiting his primary care physician, the man was prescribed acyclovir
and hydrocortisone cream (the latter to treat the blisters). The male patient was rushed to surgery
where he was found to have severe purulence and dead muscle tissue in the calf of his leg, which
tracked up to the thigh. Gram-positive cocci in chains isolated from the leg were beta-hemolytic
on sheep blood agar and sensitive to bacitracin. Shortly after surgery, the patient suffered a
cardiac arrest and died. (7 points)

View a related image

e What were the roles of chicken pox and hydrocortisone cream in the development of
this disease? What disease is it? (3 points)

e Could anything have been done to prevent the infection? If so explain how. (2
points)

¢ Name two other diseases caused by this organism. (2 points)

10. A 40-year-old injection drug user is admitted to the hospital after several weeks of fever and
dizziness. He is found to have cellulitis in his right arm, on which a large area is inflamed and
oozing. Cardiac evaluation demonstrates an abnormal EKG and systolic murmur. A Gram stain of
blood cultures reveals gram-positive cocci in pairs, short chains, or clusters which do
not demonstrate hemolysis on sheep blood agar (6.5% NaCl) and are positive for bile esculin and
the L-pyrrolidonyl-beta-naphthylamide (PYR) test. (4 points)

e What is wrong with this patient?
e What organism is causing his condition? What led you to this diagnosis? (2 points)
e What problems could be encountered in treating this disease?

11. A 67-year-old woman with non-insulin-dependent diabetes mellitus (NIDDM) presents with a
2-day history of wheezing and a productive cough. On physical examination, she has a rapid pulse
and fever. A chest x-ray shows pulmonary infiltration classic of pneumonia. A Gram stain shows
gram-positive cocci in pairs and short chains, which were alpha-hemolytic on blood agar and
sensitive to Optochin. (7 points)

¢ What organism is the patient infected with? Explain your reasoning. (2 points)
o What risk factors does she present for the disease? (2 points)

e Name two other populations at risk from this organism. (2 points)

¢ What problems might be encountered in her treatment?

12. A medical student on an international program in Namibia sees a 1-week-old infant with an eye
infection. A sample of discharge from the eye is found to contain encapsulated, paired,
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gram-negative cocci. (4 points)

View a related image

e What disease is the child suffering from?

e How is she likely to have contracted it?

e What are the possible outcomes of the disease?

e What action must you take on diagnosing this disease?

13. A 15-year-old boy presents at the emergency room with a 24-hour history of painful urination. He
has discharge in his underwear and on the tip of his penis. Urine appears clear, although many
white blood cells are present. Urine culture is negative for bacteria on MacConkey and sheep
blood agar. The young man gives a history of heterosexual activity with five partners over the past
6 months. All his partners were "clean™ he said. A Gram stain of the discharge reveals
gram-negative diplococci. (6 points)

¢ Does this patient have a bacterial infection? If so, why was there no bacterial growth
on the agar plates? (2 points)

e Is this a sexually transmitted disease? If so, why are all his partners "clean"?

e What therapy would you prescribe?

¢ What further action would you take? (2 points)

14. An 18-year-old college student came home to visit her family for the weekend and was healthy
until yesterday evening, when she went to bed with a headache and fever. This morning her
mother found her drowsy and lethargic. On presentation to the emergency room she was found to
have an elevated temperature, increased heart rate, and a purple blotchy rash on her trunk, legs,
and wrists. Gram staining of blood cultures and skin lesions reveals gram-negative cocci. Her neck
is supple and cerebrospinal fluid cultures are negative. (6 points)

e What bacterium is causing this young woman’s illness? Explain your reasoning. (2
points)

e How is she likely to have contracted the disease?

e Why were tests done on her CSF?

¢ Name one group of patients who is at risk from this organism.

o Are there any other steps you may need to take? If so describe them.

Gram-negative bacilli

1. A 20-year-old normally healthy woman with a history of urinary tract infection (UTI) presents to
the emergency room with nausea (no vomiting), left flank pain, fever, chills, and foul-smelling
urine. Urinalysis shows large numbers of white and red blood cells per high power field
accompanied by large numbers of motile, gram-negative rods. These organisms produce lactose-
positive (pink) colonies on MacConkey agar. (7 points)

e What is wrong with this young woman? Is this a classic UTI? Explain your answer. (3 points)
¢ Which organism is causing her infection? Explain your reasoning. (3 points)
e Name another bacterium commonly causing UTI.

2. Ayoung woman presents with hematuria (blood in urine), fever, and lower back pain. A sample of
urine reveals non-encapsulated, non-coliform enteric bacilli that show a characteristic "swarming"
pattern on agar. A CAT scan of the abdomen (to look for a structural renal problem) confirms the
presence of a kidney stone. (4 points)
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View a related image

¢ Which organism does she have? Explain your reasoning. (2 points)
e Name another bacterial cause of urinary tract infections.
¢ Name another disease this organism causes.

3. A9-year-old boy with a 2-day history of diarrhea presents to the emergency room with blood in
his stools and increased stool volume. He has vomited once. The boy went to a cookout 5 days
earlier and ate a hamburger that was still "pink" inside. On examination he is well, apart from
some dehydration. A culture of stool samples produces lactose-positive (pink) colonies on
MacConkey agar, but non-fermenting colonies on MacConkey with sorbitol substituted for
lactose. (6 points)

View a related image
View a related image

e What is most likely wrong with this child? What important facts led you to this diagnosis? (3
points)

e How is this organism usually spread? How could its spread be prevented?

¢ What might happen to the patient? (2 points)

4. A Hispanic patient presents in the emergency room with a fever and is passing blood and mucus in
his stools. The patient is in considerable distress. His nephew tells the physician that his uncle has
only been in the United States for 3 days and has come on vacation from Puerto Rico. Stool
samples reveal a non-motile, non-encapsulated, non-lactose fermenter, gram-negative bacillus.
Proctoscopy determines that the organism has invaded the large intestine. (5 points)

View a related image

e What is the patient infected with? Explain your reasoning. (2 points)
e How is he likely to have contracted it?

¢ What treatment would you prescribe?

e Name another organism that causes bloody diarrhea.

5. A 34-year-old Haitian male is referred to the hospital with a 2-week history of fever, nausea,
vomiting, and diarrhea. On the day of admission, the patient is found to have an elevated pulse
and lowered blood pressure. He is put on an intravenous drip and given antibiotics. Blood and
stool cultures show a gram-negative rod, which grows on MacConkey agar as white colonies
(lactose negative). Diagnosis of the organism is suggested by its growth on triple sugar iron (TSI)
agar where it produces a small ring of H2S at the top of the slant. (5 points)

View a related image

e What is the patient infected with? Why does the TSI agar suggest this diagnosis? (2 points)

e How is this bacterium spread?

e The patient is a cook. What action should be taken before he is allowed to return to work? (2
points)

6. An 11-year-old girl is admitted to the hospital for treatment of lymphoma. During cytoreductive
chemotherapy, she develops a fever and pneumonia. Analysis of pulmonary fluid shows a few
white cells (neutrophils) and slender, gram-negative rods. The isolated bacteria produce a
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characteristic apple-green pigment on trypticase soy agar. (7 points)

View a related image

e What organism is likely to be causing the infection? What led you to this diagnosis? (2 points)
e How is the patient likely to have contracted this bacterium? (2 points)
¢ Name another group of patients at risk from this bacterium.

7. A5- month-old boy is admitted to the hospital with a 24-hour history of choking spells. These
began with repeated coughing where the child turned red and gasped for breath. In the previous 2
days he had also had two episodes of vomiting. The baby was found to have an increased
breathing rate, which was labored, but his chest x-ray showed no evidence of pneumonia. Blood
work showed an abnormally large percentage of lymphocytes (70%). Nasopharyngeal swabs
cultured grayish, "mercury-like" colonies, and a Gram stain revealed minute gram-negative
coccobacilli. (5 points)

e What is wrong with the baby? What led you to this diagnosis? (3 points)
o |s this an unusual disease for a child to have? Could it have been prevented? (2 points)

8. A male patient returned last weekend from a vacation in Kenya where he went on safari with his
wife. He presents with fever, chills, headache, nausea, and weakness. On examination he is found
to have an enlarged lymph node in his groin, which is tender. A sample of blood taken from the
patient shows a capsulated, bipolar-staining, gram-negative rod present in the bloodstream. The
physician begins treatment of the patient with chloramphenicol immediately. (6 points)

What organism is this patient likely to have? Explain your reasoning. (3 points)

How is he likely to have contracted it?

Name one animal reservoir of this bacterium?

What is the prognosis (outcome) of the disease following the chloramphenicol treatment?

9. Ayoung male homosexual patient presents with a butdy inflammatory ulcer on his groin. He
returned from a trip to South America at the end of August. The sore recently worsened and is
extremely painful, which is why he sought treatment. He is afraid it is syphilis since he had sexual
relations with a young male in South America. The physician takes a sample of the exudate from
the ulcer and finds it to contain gram-negative coccobacilli, which look like "rice grains" under
the microscope. The bacteria need to be cultured under special conditions on blood and chocolate
agars. The patient is prescribed azithromycin. (4 points)

e What organism is causing this infection? What observations have led you to this diagnosis? (2
points)

e Why is the inflammatory ulcer unlikely to be syphilis?

e What is the prognosis of the disease following treatment?

10. A 1-year-old Eskimo child, Melissa, was admitted to a hospital in Alaska following a seizure and is
limp and unresponsive. Her mother tells the physicians that the child had a runny nose earlier in
the day and has been suffering from a cold for several days since beginning her enrollment at a
daycare center. On closer examination, the patient is found to have an elevated temperature, rapid
pulse, and supple neck. Overnight her neck becomes stiff, and blood and cerebrospinal fluid
cultures are positive for gram-negative coccobacilli, which look like "rice grains" under the
microscope. The bacteria need to be cultured under special conditions on blood and chocolate
agars. (5 points)
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View a related image
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e What organism is causing Melissa’s condition? What led you to this diagnosis? (3 points)
e How has Melissa contracted her infection?
e Could her disease have been prevented?

Gram-positive bacilli

1. A male textile worker in a fur store is admitted to the emergency room of a New York City
hospital suffering from breathing difficulties and coughing spasmodically. A chest x-ray reveals
pleural effusions and widening of the mediastinum. Two things confirm the diagnosis of this
disease to an alert attending physician. The first is the presence of vesicular lesions and black,
necrotic skin tissue on the man’s hands. The second is the presence of large, gram-positive bacilli
in the vesicle fluid. (6 points)

¢ Which disease is this? Explain your reasoning. (3 points)
e What is the name of the necrotic skin tissue?
e Name two occupations that are associated with increased risk of infection by this organism?

2. A male injection drug user presents at the emergency room with nausea, vomiting, and severe
stomach cramps, which began suddenly 18 hours ago. When interviewed, the patient stated that
his last meal was a carton of rice from a Chinese restaurant that he found in a dumpster. Prior to
this he was healthy, with no infection of any kind. The attending physician suspects a food
intoxication. (4 points)

View a related image

¢ What organism makes the toxin that could have caused this food intoxication?
e How could a physician confirm this diagnosis? (2 points)
e What treatment would you prescribe for the patient?

3. A male patient was admitted to the hospital for intravenous antibiotic treatment of folliculitis. He
began a second course of antibiotics, this time ampicillin, a few days ago and has begun suffering
from diarrhea, abdominal cramps, and fever. Blood work reveals an increase in his white blood
cell count. Stool samples were found to contain patches of colonic epithelium. The infectious
agent was confirmed to be a gram-positive, spore-forming bacillus by inoculating onto
cycloserine-cefoxitin fructose agar and performing an enzyme immunoassay to confirm the
presence of toxins A and B, generated by the microbe, in the stool. (6 points)

What is causing this patient’s infection? Explain your reasoning. (3 points)
What is this disease called?

What is the significance of the patches of epithelium?

What treatment would you prescribe?

4. A 25-year-old worker at Acme told a coworker on the day prior to hospital admission that she felt
dizzy and confused and was experiencing some double vision. Her coworker became concerned
and drove her home. That night the patient woke at 2 a.m. having difficulty in swallowing and
immediately phoned for an ambulance. On admission, she appeared weak and drowsy with no
swelling of her tonsils or lymph nodes. She had no history of flu-like iliness. The last meal she
ingested had been at lunch of the previous day and consisted of a carton of fruit yogurt and a
cheese and bologna sandwich with home canned salsa made with low-acid tomatoes. The patient’s
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condition subsequently worsened, and she required 6 weeks of supportive care, including 5 weeks
on a ventilator. No bacterial species were isolated from her stool samples using standard
techniques. (4 points)

¢ What do you think was wrong with the patient? (Think of her symptoms.)
e How is this organism acquired? Where do you think she contracted it? (2 points)

5.

7.

Why were stool samples negative? What special conditions might this bacterium need?

A 65-year-old alcoholic was taken to the emergency room with severe necrotic, blackened areas
on both feet and several draining ulcers on his heels and toes. He was stuporous. During that
evening he had a seizure and was treated with phenytoin and barbiturates. By the end of the night
he had developed increasing rigor and respiratory distress and was unresponsive. His neck was
stiff and hyperextended and his teeth clenched in a grimace. Specific therapy and supportive care
led to his full recovery. (5 points)

What organism is causing this disease?

What virulence factor does it produce that is associated with the facial symptoms?
What is the unusual ghostly smile-like facial expression called?

What specific therapy is used to treat this infection? (2 points)

How might the infection have been prevented?

A U.S. physician in a program offering medical care in Tajikistan (part of the former U.S.S.R.)
examines an 18-month-old child who has been suffering from cold symptoms for the past 10 days.
Four days ago, he was seen by a physician and found to have a fever, an exudate on his pharynx,
and enlarged cervical lymph nodes. His chest was clear. A throat culture was taken and the child
given a course of ampicillin. On day 10 of the infection, the child’s condition worsened. He
became increasingly lethargic, developed respiratory distress, and was admitted to a hospital. On
examination, the child was found to have an exudate in the posterior pharynx consisting of a
yellowish, thick membrane. A non-spore-forming, gram-positive rod, which displayed a palisades
arrangement, was recovered from it. (5 points)

Which organism is the child infected with? What led you to this diagnosis? (2 points)

To cause disease, does this organism invade the circulatory system? If not, how does it cause
disease? (2 points)

Could the child’s disease have been prevented? If so, how?

A 20-year-old woman is admitted to the hospital with symptoms of confusion and dizziness,
having suffered a seizure 20 minutes earlier. She is accompanied by her roommate, a Physician's
Assistant student, who tells the physician in attendance that the patient has leukemia and first
became ill the day before. "The patient’s symptoms the previous day were relatively
non-specific,” the roommate says. "They consisted of a low fever, diarrhea, and a sore throat."
Analysis of the patient’s cerebrospinal fluid reveals septic meningitis with large numbers of
gram-positive, regular, non-spore-forming rods. (6 points)

Which organism is infecting the patient? Explain your reasoning. (3 points)
What is the outlook for the patient?

What treatments are useful?

Name another group at risk of infection from this organism.

Jacob, an HIV-positive male with advanced infection, presents with a 3-month history of
increasing night sweats, severe fatigue, fevers, and chills. On examination, the patient has a
distended abdomen and an enlarged liver, is anemic, and has severe diarrhea. T cell counts reveal
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that the patient has relatively few helper T cells in the blood (22 CD4+ T cells per microliter;
normal range is 850 to 1100 CD4+ T cells per microliter). Blood and stool cultures reveal small
acid-fast bacilli. (3 points)

View a related image

¢ Which acid-fast organisms produce disseminated infection in HIV patients? (2 points)
e How has Jacob acquired this infection?

9. Awoman, who is 28 weeks pregnant, presents to her primary care physician with fever, headache,
chills, urgency of urination, and decreased appetite. He immediately admits her to the hospital
where she is found to have a mild fever, abdominal tenderness, and no evidence of either a
sexually-transmitted disease or urinary tract infection. Ultrasound shows no fetal movement.
Labor is induced and a stillborn infant delivered. Cultures of blood, placenta, and umbilical cord
all grow a grayish-white colony, which is beta-hemolytic on blood agar. Gram staining reveals
gram-positive, regular, single, non-spore-forming rods. (4 points)

e What organism is infecting this patient?
e Name two sources of infection by this organism.
e What property of this organism may assist its spread?

10. Robert, a 50-year-old HIV-positive male, presents to his primary care physician with a 3-month
history of fevers, night sweats, productive cough, and an 11-kilogram weight loss. He is not an
injection drug user or homosexual, but admits to numerous heterosexual encounters. The patient
was released from jail 3 years ago, has a past history of numerous stab wounds, and is a confirmed
alcoholic. Acid-fast stains of his sputum are positive, and the bacteria were isolated from the right
middle lobe of his lung. (6 points)

View a related image

e What organism is Robert infected with?

¢ Give an example of two other sites of the body that might be attacked by this bacterium, apart
from the lung. (2 points)

e What risk factors does Robert have for infection with this organism? (3 points)

Spirochete and curviform bacteria

1. A5-week-old baby was admitted to the hospital with a 1-week history of rhinitis, cough, fever,
and a peeling rash on her hands and feet. She had an uneventful neonatal period. Four days after
admission she was intubated because of periods of breathing difficulty. The baby recovered from
her illness 5 days later. Radiography demonstrated hepatosplenomegaly and extensive periostitis
and metaphyseal destruction. The baby was successfully treated with intravenous penicillin and
released 14 days later. (4 points)

View a related image

e What is wrong with this baby? What has led you to this diagnosis? (2 points)
e How did she become infected?

e What counseling, if any, would you give her parents about her condition?

e What important prevention opportunities were missed here?

2. The patient returned from a hiking trip in western Oregon about 5 days ago. He is admitted to the
emergency room suffering from a high fever, chills, headache, and sporadic vomiting. There is no
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evidence of any tick bites on his body (indeed he says he used insect repellent), and he has had a
poor appetite since his return from vacation. Blood work reveals the presence of circulating
spirochetes with curved hooks on one end of the organism. (6 points)

¢ What kinds of spirochete organisms could be causing this patient’s illness based on his recent
activities? Which of these, if any, can you eliminate? (3 points)

e What disease is this?

e How did he contract it?

¢ Do you anticipate any long-term problems?

3. Ayoung female university student has been backpacking through the woods in Pennsylvania and
presents to her primary care physician with a stiff neck, malaise, and evidence of healed insect
bites. She also has a rash on her arm, which forms a series of flat reddened rings in the form of a
bull’s eye. (6 points)

View a related image

e What disease does the young woman have and what is the significance of how she spent her
vacation?

e What is the life cycle of the organism?

e Name two other states in which the disease is common?

e How would you treat the young woman?

4. Ayoung woman, who has just returned from a vacation in South America, is admitted to the
emergency room with vomiting and severe diarrhea, which has been going on for about 3 hours
and is accompanied by muscle cramps and a severe thirst. On examination, the patient is found to
have a lowered blood pressure and rapid heart rate; her eyes appear somewhat sunken. She is
producing copious amounts of "rice water stools" (odorless and flecked with mucus) which
contain gram-negative, curved, motile bacteria with a brisk, darting motility. (6 points)

What is wrong with this patient? What led you to this diagnosis? (2 points)
How did she contract her illness?

What virulence factor of the bacterium is causing her symptoms?

What treatment would you prescribe? (2 points)

5. Acollege student presents to the outpatient medical clinic for evaluation of diarrhea and
abdominal discomfort. His symptoms began 1 week ago, and he has subsequently had up to three
loose bowel movements a day, plus crampy abdominal pain. The patient states that he has "not
been able to hold anything down" during this time except some fluids. The last meal he ate, prior
to infection, was at a fraternity cookout where he had chicken. Culture of the stools on a variety
of media including Hektoen agar, Yersinia agar, and MacConkey sorbitol agar were all normal, but
Campylobacter agar revealed a slightly-curved gram-negative rod. No occult blood was seen in
the stools. This organism is found in normal fecal contamination from chickens and reflects
unsanitary and unhygienic handling of food products. (4 points)

e What organism is likely to be causing the patient’s symptoms? What led you to this diagnosis? (3
points)
e How is he likely to have contracted this organism?

6. A 62-year-old woman with a previous history of gastric ulcers presents to her gastrointestinal
clinic. Recently she has noticed increasing episodes of heartburn with pressure in the abdomen
which radiates to her chest and neck. Radiology shows a thickened fold within the stomach. A
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biopsy of the antral stomach (obtained by gastroscopy) shows moderate gastritis. Large numbers
of a slightly curved gram-negative rods were also seen on a Gram stain of the biopsy sample. The
biopsy sample is subjected to a "CLO" test and scores positive for the presence of large amounts
of urease. (6 points)

o What is causing this patient’s gastritis? What led you to this diagnosis? (2 points)

o How does this organism survive the pH of the stomach? (2 points)

o What other clinical symptoms have been linked to this organism? (2 points)

Intracellular and miscellaneous bacteria

1. A male patient returned from a walking tour in the Blue Ridge Mountains, Virginia, 2 days ago. He
presents to his primary care physician with fever, chills, headache, and muscular pain. His
physician suspects it may be a combination of unaccustomed exercise plus too much sun and
prescribes bed rest and painkillers. Two days later, the patient is admitted to the hospital in a
confused state with a body rash covering his torso and right leg. An alert attending physician
notices small insect bites on the leg and immediately prescribes tetracycline, since he suspects a
spirochete illness. Although no spirochetes could be isolated from the patient, blood tests did
reveal elevated specific antibodies that did confirm the diagnosis. (5 points)

View related images

e What is this patient suffering from?

e How is he likely to have acquired the disease?
¢ How could he have prevented his disease?

e What is likely to happen to this patient?

2. A male patient returned home from a walking trip last weekend in South Carolina and woke on
Tuesday with fever, chills, headache, and muscular pain. He later developed a rash. In a highly
agitated state, he went to see his physician because areas of his skin began to turn purple and look
bruised. The physician admitted him to the hospital, where his condition deteriorated, and he
became confused and comatose by late Friday evening. (4 points)

e What species of unusual bacteria immediately springs to mind based on what the patient was
doing last weekend?

o If | told you the disease is endemic to the eastern seaboard regions of the U.S., which organism
would you think he had?

e How is it transmitted?

e What is the likely outcome of this patient’s condition?

3. Arancher is admitted to the hospital with endocarditis and complains of recurrent fevers, chills,
and muscle aches. He is very agitated because he just delivered a new Texas shorthorn calf 2
weeks ago and is concerned that his son will be unable to look after the valuable animal properly.
Blood cultures failed to recover an organism. A diagnosis was made on the basis of positive
serology to the serotypes of this obligate intracellular bacterium. (4 points)

o Based on the above pieces of information, what do you think this patient is suffering from?
e What is the significance of his occupation? (2 points)
e What would you prescribe for this patient?

4. Afemale patient presents at her primary care physician complaining of pain in her groin. On
examination, she is found to have enlarged inguinal lymph nodes and painless lesions around her
genitalia and anus. She is also 5 months pregnant. Questioning reveals that her boyfriend has
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recently returned from a vacation to see his family in Venezuela. She is very distressed and fears
for the baby. A diagnosis was made on the basis of positive serology to the serotypes of this
non-motile, gram-negative, intracellular bacterium.(4 points)

What do you think is wrong with this patient?

Do you agree with her concerns for the baby?

What long-term problems might this patient encounter?
What treatment would you prescribe?

5. Afemale patient presents to the emergency room with a history of cramping, abdominal pain over
the previous 3 days, and vaginal bleeding. She gives no history of urinary tract infection,
discharge, chills, fever, or vomiting. The pain has increased over the previous 24 hours, and she is
now experiencing a pain in her "right side." On examination she has a fever and pelvic pain. An
endocervical swab was taken and the sample used to perform the ligase chain reaction, which
amplifies nucleotide sequences present on the multicopy plasmid present in each cell of the
obligately intracellular bacteria producing the infection. (3 points)

e The patient was found to have pelvic inflammatory disease. What two bacteria do you normally
associate with this condition? (2 points)
o Name another disease caused by organisms belonging to this genus.

6. A university student presents to her primary care physician with fever, malaise, a sore throat, and
an unproductive cough. The physician diagnoses her with flu symptoms and suggests bed rest,
analgesics, and plenty of fluids. After 1 week, her symptoms worsened slightly with coryza, chest
pain, and earache. The patient’s primary care physician collects a sputum sample, after some
effort on the patient’s part, and obtains a blood sample. No bacteria are found in the sputum or
blood samples, and the leukocyte total and differential counts are within normal limits. A chest
radiograph shows small diffuse infiltrates that look worse than would have been expected. The
physician is baffled, but having ruled out all other hypotheses, finally decides on a course of
treatment for the patient’s pneumonia involving azithromycin. (7 points)

e What does the finding of a lack of bacteria in the sputum and blood in a pneumonia patient
suggest to you?

¢ What condition does this patient have?

e Give an example of two bacteria known to cause this condition. (2 points)

¢ Explain how two bacteria that cause this condition are diagnosed. (2 points)

e Why is tetracycline a good drug of choice for a variety of bacterial illnesses?
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