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Chemistry

• #1:  A forty five year old woman with a history 

of rheumatoid arthritis has routine blood work 

drawn as part of a yearly exam.  She has a 

mild chronic anemia, which her physician mild chronic anemia, which her physician 

monitors.  Which of the following laboratory 

results best correlates with her type of 

anemia?



a. Increased ferritin, increased % transferrin 
saturation and decreased transferrin.

b. Increased ferritin, decreased % transferrin 
saturation and decreased transferrin.

c. Decreased ferritin, decreased % transferrin c. Decreased ferritin, decreased % transferrin 
saturation and increased transferrin.

d. Normal ferritin, decreased % transferrin 
saturation and increased transferrin.

e. Normal ferritin, normal % transferrin saturation 
and normal transferrin



Correct Answer:  b

• With the patient’s history, one would expect 

an increase in acute phase proteins (ferritin) 

and a decrease in the negative acute phase 

proteins (transferrin).  Hepcidin is known to proteins (transferrin).  Hepcidin is known to 

increase in inflammation, which decreases the 

amount of iron available for erythropoiesis.



Action of Hepcidin



#2:  Patient A and patient B both present 

with the following baseline arterial values:

• Patient result Reference range 

• pHa 7.21 7.36 - 7.44

• PaCO2 24 mm Hg             35 - 45 mm Hg 

• In addition, the following lab results were 

• Which of the following 
best corresponds to 
patient “A”’s results?

a. Diabetic ketoacidosis

b. Fever
• In addition, the following lab results were 

found for patient A:

• HCO3-a 9 mmol/L 22 - 28 mmol/L

•

• Na+ 140 mmol/L          135 - 145 mmol/L 

• K+ 5.0 mmol/L 3.5 - 5.0 mmol/L 

• Cl- 96 mmol/L 96 - 111 mmol/L 

• Glucose  110 mg/dL 70 - 115 mg/dL

b. Fever

c. Respiratory acidosis

d. Salicylate intoxication

e. Diarrhea



Answer:  D, salicylate intoxication

• This is a case of anion gap (+) metabolic 

acidosis.  (140+5) – (96 +9) = 40.  Of the 

choices, only diabetic ketoacidosis and 

salicylate intoxication fit the “MUDPILES” salicylate intoxication fit the “MUDPILES” 

acronym.  DKA doesn’t seem likely given the 

normal glucose, thus salicylate intoxication is 

the best answer.  In addition, salicylate causes 

a respiratory alkalosis, which is seen in this 

patient.



Patient B’s labs

• The following additional lab results were found for 

patient B:

•

• HCO3-a 9 mmol/L 22 - 28 mmol/L• HCO3-a 9 mmol/L 22 - 28 mmol/L

• Na+ 140 mmol/L 135 – 145 mmol/L

• K+ 5.0 mmol/L 3.5 - 5.0 mmol/L

• Cl- 121 mmol/L 96 - 111 mmol/L

• Glucose 110 mg/dL 70 - 115 mg/dL



Which of the following best 

corresponds to patient “B”’s results?

a.Diabetic ketoacidosis

b.Fever

c. Respiratory acidosis

d.Salicylate intoxicationd.Salicylate intoxication

e.Diarrhea



Answer:  E, diarrhea

• This is a case of non-anion gap metabolic 

acidosis.  The only logical choice is e, diarrhea.  

HCO3- is directly decreased through loss from 

the intestine.  Chloride is increased in these the intestine.  Chloride is increased in these 

cases with the result being no increase in 

anion gap.



#3

• A 55-year-old woman presents to the ER with new 
onset shortness of breath. Her chest x-ray shows a 
large right pleural effusion. A therapeutic thoracentesis 
is performed, and the fluid is sent to the laboratory. 
The pleural fluid/serum total protein ratio is 0.7 and 
the pleural fluid/serum LDH ratio is 0.8.  Amylase and the pleural fluid/serum LDH ratio is 0.8.  Amylase and 
glucose levels are unremarkable on the pleural fluid. 
The gram stain is negative and the cytology results are 
negative for malignancy. You are asked to help 
interpret these results.  Which of the following would 
you advise is most likely correct regarding the type and 
origin of her pleural fluid?



a. The fluid is a transudate and congestive heart 
failure should be excluded

b. The fluid is an exudate that is probably infected

c. The fluid is an exudate and pulmonary embolism 
should be ruled out

c. The fluid is an exudate and pulmonary embolism 
should be ruled out

d. The fluid is a transudate and nephrotic syndrome 
should be considered

e. The fluid is an exudate that could be of pancreatic 
origin



Answer:  c, exudate; rule out PE

• An exudate is defined by at least one of the following 
criteria:

• Pleural fluid [protein]/serum [protein] > 0.5 (our patient 
was 0.7)

• Pleural fluid [LDH]/serum [LDH] > 0.6 (our patient was 0.8)

• Pleural fluid [LDH] > 200 IU/L, or > 2/3 normal upper limit • Pleural fluid [LDH] > 200 IU/L, or > 2/3 normal upper limit 
for serum (not given)

• Both the first two criteria are satisfied, making an exudate 
highly likely.  Infection and pancreatic origin are less likely 
based on the gram stain and amylase results.  Cytology 
found no evidence for malignancy.  Theses results and the 
patient’s presentation make PE a likely suspect.



#4: Analytical Quality Control:

• Case scenario 1:

• One control is within 2SD, the other is >+2SD but 
within 3SD.

• Do you:  a.  Repeat the control, b.  Reject the run, 
or c.  Check the previous run and see if the 

• Do you:  a.  Repeat the control, b.  Reject the run, 
or c.  Check the previous run and see if the 
control was within 2SD of the mean then.

• Answer:  c.  A 1-2s as in this case is a warning 
rule; if the control was out 1-2s the day before, a 
2-2s rule would be violated and you would have 
to reject the run.



Analytical Quality Control, cont’d:

• Case Scenario 2:

• Both controls are outside their respective means by 
+2SD, but are within 3SD. 

• Do you:  a.  Repeat both controls,  b.  Accept the run; 
the controls are within 3 SD, or c.  Reject the runthe controls are within 3 SD, or c.  Reject the run

• Answer:  c, reject the run.  Why? What kind of 
Westgard rule was violated?

• Answer:  22s, within run.  This indicates increased 
systematic error.  Control charts should be examined to 
see if there is a shift or trend noted.



#5 Pre-analytical variation

• A specimen for the core lab was left on the floor 
for several hours before being delivered to the 
laboratory.  This prolonged delay in testing will 
have the greatest effect on which plasma 
analytes?analytes?

• a. Hb and HCT

• b. ALT and AST

• c. iron and transferrin

• d. potassium and glucose

• e. total calcium and pH



Answer:  d, potassium and glucose

• Glucose is metabolized by the RBC and 

decreases at a rate of about 10%/hour.  

Potassium will leak out of the RBC’s and 

increase over time.  Although pH can also be increase over time.  Although pH can also be 

affected, total calcium should not change.



#6:  An evaluation of a new method “PP” for analyte “X” is 

performed and compared to the “Gold standard” method “P3”. 



• Which of the following statements correctly 

describes the relationship between the two 

methods?

a. Perfect correlationa. Perfect correlation

b. Constant bias

c. Proportional bias

d. Both constant and proportional bias



Answer:  b, constant bias.

• There is a small constant mean bias of < 2 

g/dL as shown on the graph.  

• If the CLIA requirements for total allowable 

error (TAE) for this analyte are 15%, are these error (TAE) for this analyte are 15%, are these 

results satisfactory?

• Yes, % bias is < 5%; systematic error is usually 

< 50% of TAE.



#7

• A 67-year-old female patient with a 47-year 

pack history of smoking presents to the ED 

with new onset chest pain.  Because of her 

family history of cardiac disease, she came to family history of cardiac disease, she came to 

the ED as soon as the pain started.  It has 

been 1.5 hours since the onset of chest pain.  

Which of the following markers is most likely 

to be positive at this time?



Markers

a. LD

b. AST

c. CK-MB

d. troponin Id. troponin I

e. myoglobin



Answer:  e, Myoglobin

• Why?

• It has been approximately 1 and a half hours 
since the onset of pain.  Troponin I which is 
the most cardiac specific of any of the listed the most cardiac specific of any of the listed 
markers, would not have started to rise at this 
point.  Myoglobin is not specific but is very 
sensitive and is an excellent rule out marker.  
The timing is critical; if it has been too long 
then myoglobin will have returned to normal.



Rise and fall of cardiac markers



#9:  a fussy newborn

• A 3-week-old neonate presents to the ED with a history of 
continual crying, forceful vomiting after every feeding and 
weight loss since birth.  Family history of note includes:  
first child of consanguineous (1st cousins) parents, home 
birth with no newborn screening.  Pregnancy was normal 
and the pregnancy went to term.  On examination the 
infant was floppy and poorly responsive, thin and scrawny 
and the pregnancy went to term.  On examination the 
infant was floppy and poorly responsive, thin and scrawny 
and dehydrated with a sunken fontanelle.  The chest was 
clear, abdomen soft and nontender.  There was no diarrhea 
or dysmorphia.

•

• Abnormal laboratory findings of note:  Na+  97 mmol/L, K+  
7.7 mmol/L, BUN  31 mg/dL, Cl- 74 mmol/L.  



The most likely reason for the laboratory tests 

and the clinical presentation is:

a. phenylalanine hydroxylase deficiency

b. 21-hydroxylase deficiency

c. 17-a-hydroxylase deficiency 

d. pyloric stenosisd. pyloric stenosis

e. congenital hypopituitarism



Answer:  b, 21-hydroxylase deficiency, 

(salt-wasting form)



21-hydroxylase deficiency

• Most common form of congenital adrenal 
hyperplasia (CAH).

• Several variants:  simple virilizing form (only the 
zona fasciculata is affected)

• Salt-wasting form (defect extends into the zona • Salt-wasting form (defect extends into the zona 
glomerulosa so androgen synthesis is affected)

• Late-onset:  presents with mild-moderate  
hirsutism and amenorrhea in women in early 
adulthood; males can develop enlarged testes 
due to ectopic adrenal tissue in testes that 
responds to elevated ACTH. 



#10:  A tired young man

• A thin 25-year-old male presents to his PCP complaining of 
malaise and orthostatic hypotension.  The physician notes the 
presence of hyperpigmentation.  Results of the patient’s 
BMET are as follows:

• Na+:  120 mmol/L (135-145mmol/)

• K+:  6.7 mmol/L (3.5-5.0 mmol/L)• K+:  6.7 mmol/L (3.5-5.0 mmol/L)

• Cl:  88 mmol/L (95-105 mmol/L)

• CO2:  13 mmol/L (24-32 mmol/L)

• BUN:  28 mg/dL (10-20 Mg/dL)

• Creatinine:  1.4 mg/dL (0.7-1.4mg/dL)

• Glucose:  56 mg/dL (70-110 mg/dL)



Which of the following tests should be performed next to help 

establish a diagnosis?

• a. 24-hour urinary free cortisol

• b. 24-hour urinary K+

• c. ACTH stimulation test

• d. OGTT• d. OGTT

• e. insulin and C-peptide levels



Answer: c, ACTH stimulation test

• The clinical presentation, along with the 
hypoglycemia, hyponatremia, hyperkalemia
suggests adrenal insufficiency.  24-hour urinary 
free cortisol is usually done to establish 
hypercortisolism.  It would likely be abnormal, as hypercortisolism.  It would likely be abnormal, as 
would the 24 hour K+; however the ACTH 
stimulation would establish the etiology of 
primary adrenal insufficiency.  An OGTT and 
measurement of insulin and c-peptide would not 
help to explain the electrolyte abnormalities.



#11: Hemoglobin electrophoresis

• A 33-year-old woman of 
Laotian descent presents with 
anemia and jaundice.  She has 
mild splenomegaly.  Her 
peripheral blood smear 
revealed target cells, revealed target cells, 
hypochromia and mild to 
moderate anisocytosis.  
Abnormal findings in her CBC 
included a Hb of 8.5 g/dL and 
an MCV of 57.8.  A 
hemoglobin electrophoresis 
was performed, with the 
following results:



You interpret these results as:

a. Hb N-Seattle trait

b. Hb H disease

c. Hb I trait/beta-thalassemiac. Hb I trait/beta-thalassemia

d. Hb Hasharon

e. Other fast moving Hb      



Answer:  b, Hb H disease

• Hb H is a fast moving hemoglobin variant, that is 
actually β4.  It is a labile variant and can be missed in 
specimens that are run after refrigeration.  The most 
common cause of Hb H disease is a result of a three-
gene deletion of the alpha globin genes in persons of 
South-east Asian or Mediterranean descent. Hb H South-east Asian or Mediterranean descent. Hb H 
disease presents clinically with anemia and 
splenomegaly; jaundice is sometimes present. 
Laboratory findings include a moderately severe 
hypochromic, microcytic anemia with the blood film 
showing striking anisocytosis, poikilocytosis, 
hypochromia and microcytosis.



#12:  going into labor?

• A 23-year-old pregnant female (27 weeks 3 

days gestation) presents to the ED 

complaining of abdominal pain and  

contractions for the past 24 hours.  Her history contractions for the past 24 hours.  Her history 

is significant for a Chlamydia infection 3 

months prior and for 3 previous pre-term 

deliveries.  A fetal fibronectin (fFN) test was 

performed and the results are negative.  What 

is the best way to handle this patient?



a. Give antenatal steroids to induce fetal lung 
maturity.

b. Admit the patient and treat with a tocolytic
agent such as terbutaline.

c. Discharge the patient with a recommendation c. Discharge the patient with a recommendation 
of pelvic rest and follow up in 1-2 weeks.

d. Induce delivery.

e. fFN testing is not accurate in the presence of 
a Chlamydia infection.



Answer:  c, discharge, recommend rest 

and follow up

• The advantage of fetal fibronectin testing is 

that is has a very high negative predictive 

value.  If the fFN is negative, it is highly 

unlikely that pre-term labor is imminent. unlikely that pre-term labor is imminent. 



#13:  TDM

• You are setting up therapeutic drug monitoring testing in 
your laboratory.  You need to indicate proper specimen 
collection and timing.  What is the proper timing for 
gentamicin in a once-daily protocol?

a. a trough sample immediately before dosinga. a trough sample immediately before dosing

b. a peak sample collected after completion of the 
infusion.

c. 2 samples, one 30 min. post infusion and the other 2 h 
post infusion.

d. a timed sample after completion of the infusion.

e. a trough and peak pair should be collected.



Answer:  d, timed sample after the 

infusion

• For once-daily dosing, a random specimen but 

one for which the time of collection is 

documented is used.  Trough specimens are 

not used for monitoring but rather to assess not used for monitoring but rather to assess 

toxicity.  Peak and trough values are used with 

conventional dosing protocols.



#14:  Attempted suicide

• A 29-year-old WM with a known history of 

alcohol abuse presents to the ER in a 

stuporous state following an apparent suicide 

attempt.  While in the ER, the patient became attempt.  While in the ER, the patient became 

comatose and experienced episodes of 

generalized seizures.  Toxicology “screen” 

revealed ETOH of 35 mg/dL, but was negative 

for methanol, isopropyl alcohol, acetone and 

sedative-hypnotic drugs. 



Chemistry Results:

• Na+:  146 mmol/L

• K+:  5.6 mmol/L

• Cl:  102 mmol/L

• Total CO2:  4 mmol/L

• Ca, total:  7.9 mg/dL

• ABG on room air:

• pH:  7.17

• pCO2:  13 mm Hg

• pO2:  100 mm Hg

• HCO3:  4 mmol/L• Ca, total:  7.9 mg/dL

• Glu:  128 mg/dL

• BUN:  8 mg/dL

• Creatinine:  1.1 mg/dL

• HCO3:  4 mmol/L

• Base deficit:  23 mmol/L   
(0-3)

• Osmolality:

• Measured:  422 mOsm/kg

• Calculated:  312 
mOsm/kg



The next test that should be ordered to help establish 

etiology is:

a.salicylate level

b.acetaminophen level

c. ethylene glycol level

d.beta-hydroxy butyrate leveld.beta-hydroxy butyrate level

e. lactic acid



Answer:  c, ethylene glycol level  

• Although salicylate, lactic acid, and beta-

hydroxybutyrate will all give rise to a 

metabolic acidosis, the two main “poisons” 

that will also significantly elevate the osmolalthat will also significantly elevate the osmolal

gap are ethylene glycol and methanol.  His 

osmolal gap is 110 and his methanol level was 

none detected.  His ethanol level of 35mg/dL

would only add about 8 to the osmo gap.  



#15:  SPEP finding

• A wavy band is noted on SPEP that migrates between 
transferrin and C3.  The patient’s pattern is also 
notable for decreased albumin and increased alpha-2 
fraction.  What is the protein corresponding to the 
wavy band?

a. C-reactive protein

b. Haptoglobin

c. Hemoglobin-haptoglobin complexes

d. LDL

e. HDL



Answer:  d, LDL

• The patient’s additional findings of decreased 

albumin and increased alpha-2 are 

characteristic of a nephrotic syndrome 

pattern.  Patients with nephrotic syndrome pattern.  Patients with nephrotic syndrome 

often have hypercholesterolemia. LDL runs 

roughly in the beta-region on SPEP and is a 

wavy or “squiggly” line.



#16:  Hepatitis B serology

• The following are 

patient results for HBV 

serology:

• HBsAg:  NEG

• These results most 

likely indicate:

a. vaccination and 

• Anti HBs:  POS

• Total anti-HBc:  POS

• Anti-HBc IgM:  NEG

seroconversion

b. chronic infection

c. past infection

d. acute infection

e. convalescence



Answer: c, past infection

• Vaccination and seroconversion will result in a 

positive anti HBs only.

• Chronically infected individuals have HBsAg

positivity and do not develop anti-HBs.positivity and do not develop anti-HBs.

• Acute infection would likely have positivity for 

both anti-HBc IgM and HBsAg.

• Convalescent patients typically do not have 

anti-HBs antibodies; these are developed last.



Hepatitis B serology



#17:  The tired attorney

• A 28-year-old attorney presents to her PCP 
complaining of a several month decline in 
memory, tiredness and difficulty concentrating on 
her work. She attributed many of her symptoms 
to her heavy case load and subsequent stress.  
Physical exam was significant for a small goiter of 
to her heavy case load and subsequent stress.  
Physical exam was significant for a small goiter of 
25 g (normal 15-20 g) with a palpable pyramidal 
lobe and a firm bosselated texture.  The initial 
clinical impression was that of moderate 
hypothyroidism.  Only medications listed were 
oral contraceptives.  Laboratory results are as 
follows:



Laboratory results:

• TSH:  22.0 uU/mL (0.6-4.5)

• Free T4:  0.7 ng/dL (0.9-1.6)

• Total T4: 11.4 ug/mL (5.0-11.5)



Explain the normal Total T4

a. Free T4 is only slightly low, so the patient isn’t 
really hypothyroid; consider pituitary adenoma.

b. Total T4 can be misleading and is often elevated 
by estrogen as in pregnancy or on oral 
contraceptive pills due to increased TBG.contraceptive pills due to increased TBG.

c. Increase in TSH is likely due to heterophile Ab 
interference in the test.

d. TSH can be transiently elevated in euthyroid 
patients with seizure disorders; rule out this 
possibility.



Answer:  b, increased TBG due to oral 

contraceptive use

• The patient is on oral contraceptives.  Her 

clinical history as well as her physical 

examination is consistent with 

hypothyroidism, most likely of an autoimmune hypothyroidism, most likely of an autoimmune 

nature.  Measurement of anti-TPO antibodies 

would be helpful in establishing etiology.  



Micro #1

• Louisa is a 19 yr. old female college student with a 
history of UTI  four months prior to this episode 
for which she was treated with ampicillin without 
complications.  She has come to the outpatient 
clinic with left flank pain, fever, chills and 
increased urinary frequency.  A urinalysis of a 
clinic with left flank pain, fever, chills and 
increased urinary frequency.  A urinalysis of a 
clean catch sample reveals >50 WBC/high power 
field and 3+ bacteria.  The culture is positive for 
>100,000 CFU of a gram-positive,  catalase 
positive, coagulase negative coccus that is non-
hemolytic on blood agar.



What is the most likely organism?

a. Grp B streptococcus

b. Staph aureus

c. Staph saprophyticus

d. Listeria monocytogenesd. Listeria monocytogenes

e. Enterococcus faecalis



Answer: c, Staph saprophyticus

• Grp B strep is catalase negative, Staph aureus 

is beta-hemolytic, Listeria is a gram positive 

rod, and Enterococcus is catalase negative.



Micro #2

• A 32 year old Hispanic male had a routine 
chest x-ray for pre-employment screening.  
The x-ray revealed the unexpected finding of a 
7 cm cystic lung lesion.  It was postulated that 
the lung lesion was cancer, and cyst aspiration the lung lesion was cancer, and cyst aspiration 
was performed.  The aspiration was 
diagnostic.  The patient was then sent for a 
surgical resection of the lesion.  A gross image 
of the lesion, as well as a H & E stain of the 
lesion contents are seen on the next slide. 





What adverse event may have been the 

consequence of the initial cyst aspiration?

a. Fistula formation

b. Spread of tumor cells to adjacent tissue

c. Aerosolization of infectious organism with 

airborne transmissionairborne transmission

d. Anaphylaxis



Answer:  D.  Anaphylaxis.

• The images are consistent with an Echinococcus cyst, and the H & E stain of the 
cyst contents reveal Echinococcus hooklets.  Cestode hooklets do not stain with H 
& E but may be revealed via negative staining, as in this case.

•

• Dogs and other canids are the definitive hosts for Echinococcus spp.; humans are 
infected by the larvae after ingestion of eggs from food, water or fomites
contaminated with dog feces.  Upon ingestion of the eggs by the human host, the 
oncospheres migrate from the intestinal lumen to other body sites and develop oncospheres migrate from the intestinal lumen to other body sites and develop 
into hydatid cysts.  These cysts can be found in any part of the body, but the 
organs affected most commonly are the liver and lungs.  

•

• Antiparasitic treatment is used for small cysts or pre-surgical treatment 
(albendzole or albendazole plus praziquantel).  PAIR (percutaneous aspiration, 
injection, reaspiration) is also used, especially for larger cysts.  This involves 
ultrasound or CT-guided aspiration and sterilization of the cyst’s contents.  Spillage 
of cyst contents can lead to acute anaphylactic reactions or dissemination into 
surrounding tissues.



Micro #3

• A 40-year-old man presented to an acute care 
clinic with complaints of one week of fever, chills, 
night sweats, cough, headache, fatigue and 
weight loss.  He worked in the demolition 
business and had recently begun the demolition 
of an abandoned building, with a number of birds 
business and had recently begun the demolition 
of an abandoned building, with a number of birds 
present in Louisville, KY. A chest X-ray was 
remarkable for enlarged hilar and mediastinal
lymph nodes and multiple nodular infiltrates.  
Lung biopsy stained with methamine silver 
revealed the following:



Lung biopsy

• The patient’s history 

and the biopsy are 

consistent with:

a. Blastomycosis

b. Histoplasmosis

c. Candidiasis

d. Coccidioidomycosis

e. Cryptococcus



Answer:  b, Histoplasmosis

• The history helps to narrow the cause. In 
addition, the typical small budding yeast cells 
help to identify the organism. Histoplasma 
capsulatum is endemic in parts of the US, 
along the Mississippi and Ohio river valleys.  along the Mississippi and Ohio river valleys.  
H. capsulatum is a dimorphic fungus, growing 
as a yeast in the human host and as a mold in 
the soil environment.  Blastomycosis and 
cryptococcus are less common. 
Coccidioidomycosis is not found in that region.



Micro #4

• A 64-year-old man with a long history of COPD 
presented to his PCP with complaints of a low 
grade fever, productive cough of yellow-green 
sputum and worsening of his chronic 
shortness of breath for the last several days.  shortness of breath for the last several days.  
Just prior to the current symptoms, he had 
recovered from a mild cold.  Gram stain of 
sputum revealed numerous PMN’s and small, 
gram negative cocco-bacilli.  Growth of the 
isolate on nutrient agar was as pictured next.



Clinical isolate

• What is the identity of 
the organism?

a. Moraxella catarrhalis

b. Hemophilus influenza 

type btype b

c. Hemophilus 

parainfluenza

d. Hemophilus influenza 

HTHi

e. Bordetella pertussis



Answer:  d, H. influenza, NTHi

• The patient’s clinical presentation is that of 
acute exacerbation of chronic bronchitis 
(AECB).  Of the organisms listed, nontypable
H. influenza and M. catarrhalis make up the 
large majority of cases.  M. catarrhalis is a large majority of cases.  M. catarrhalis is a 
gram-negative diplococcus.  Other clues are 
the dependence of the organism on BOTH X 
(heme) and V (NAD) factors.  H. parainfluenza 

requires V factor only.  Bordetella pertussis 

requires special media for growth.



Micro #5

• A 23-year-old man presents to the ED of a local hospital 
with a swollen hand that has numerous lacerations on the 
dorsal surface.  Erythema and purulent exudate were 
present. He admitted to injuring his hand during a fistfight 
when he hit another man in the mouth.  Radiographic 
evidence revealed broken bones in two fingers and soft 
tissue swelling.  The exudate is cultured both aerobically 
evidence revealed broken bones in two fingers and soft 
tissue swelling.  The exudate is cultured both aerobically 
and anaerobically, with growth in both types of culture 
after two days.  Among the bacteria isolated from both 
types of cultures is a small gram-negative rod, which grew 
on both blood and chocolate but not MacConkey agar 
aerobically.  On blood, the organism “pitted” the agar and 
the laboratory staff noted a bleach-like odor.  



What is the antibiotic of choice for 

treating infections with this organism?

a. Cephalothin

b. Clindamycin

c. Erythromycin

d. Oxacillind. Oxacillin

e. Penicillin



Answer:  e, Penicillin

• The organism cultured is Eikenella corrodens; 

an organism which is a normal resident of the 

human oropharynx and has been implicated in 

human bite infections and fistfight injuries.  human bite infections and fistfight injuries.  

Penicillin is active against this organism, and is 

considered the drug of choice.  Other 

antibiotics that are active are ampicillin, 

extended-spectrum cephalosporins, 

tetracyclines and fluoroquinolones.



Micro #6

• A 36-year-old man 
returns from a fishing trip 
to Colorado and develops 
watery diarrhea, crampy 
epigastric pain and foul-
smelling flatulence.  He smelling flatulence.  He 
presents to the local ED 
and a stool specimen is 
collected for O&P 
examination.  The 
specimen is positive for 
the organism seen.



Which host is the most common 

reservoir?

a. Beaver

b. Dog

c. Rabbit

d. Snaked. Snake

e. Trout



Answer:  a, Beaver

• The organism is Giardia lamblia; pictured is 

the trophozoite form with two nuclei, large 

central karyosomes and a large ventral sucking 

disk for attachment to intestinal mucosa.  disk for attachment to intestinal mucosa.  

Giardia is typically acquired by drinking 

contaminated water in mountainous areas.  

Beavers and muskrats are reservoirs for the 

parasite; the others listed have not been 

implicated.



Micro #7  Which test can be used to 

identify Streptococcus pneumoniae?

a. Bacitracin susceptibility

b. Bile solubility

c. Catalase

d. Coagulased. Coagulase

e. Oxidase



Answer: b, Bile solubility

• S. pneumo is unique among the streptococci in 

its susceptibility to solubilization of colonies 

by bile.  All streptococci are catalase negative; 

production of coagulase is used to identify production of coagulase is used to identify 

Staphylococcus aureus.  Oxidase production is 

generally used to help in the identification of 

gram negative bacteria.



Micro #8:  Which antibiotic inhibits 

peptidoglycan synthesis?

a. Ciprofloxacin

b. Erythromycin

c. Imipenem

d. Rifampind. Rifampin

e. Tetracycline



Answer:  c, Imipenem

• Imipenem is a beta-lactam antibiotic; these 
antibiotics work by binding to the enzymes 
responsible for the synthesis of the peptidoglycan 
layer in cell wall synthesis.  Ciprofloxacin disrupts 
DNA replication by binding to DNA gyrase.  
Erythromycin inhibits protein synthesis by binding 
DNA replication by binding to DNA gyrase.  
Erythromycin inhibits protein synthesis by binding 
to the 50s ribosomal subunit of bacteria.  
Rifampin inhibits initiation of RNA synthesis by 
binding to DNA-dependent RNA polymerase and 
tetracycline binds to the 30s ribosomal subunit 
and blocks binding of aminoacyl tRNA.



Micro #9

• A 56-year-old woman returns from a 2 week 
vacation in Kenya, where she travelled extensively 
in rural and urban areas, ate local foods both 
from restaurants and street vendors and drank 
local water when she had no bottled water 
available.  Upon return to the US, she developed 
local water when she had no bottled water 
available.  Upon return to the US, she developed 
a low grade fever and diarrhea, for which she 
took ciprofloxacin.  Within 3 days she began to 
feel better, but continued to have fever and 
subsequently developed night sweats.  A review 
of her blood smear revealed the following:



Peripheral blood smear



Which organism is most likely 

responsible for her infection?

a. Babesia microti

b. Plasmodium falciparum

c. Plasmodium malariae

d. Plasmodium vivaxd. Plasmodium vivax

e. Trypanosoma cruzi



Answer:  b, Plasmodium falciparum

• Malaria is certainly a disease to consider with the 
patient’s travel history.  It is not stated whether she 
took appropriate prophylaxis, but considering her 
other lack of precautions (water, food) it is certainly 
possible she ignored malaria prophylaxis as well.  
Plasmodium falciparum is identified by small, delicate Plasmodium falciparum is identified by small, delicate 
ring forms (often multiple) within RBCs to the exclusion 
of other forms (schizonts, trophozoites).  Banana-
shaped gametocytes may occasionally be observed.  
The other malaria species would be expected to show 
other forms in addition to ring forms.  Her travel 
history is not consistent with Babesia and T. cruzi 
would not be confused with P. falciparum.



Micro #10

• A 35-year-old man is brought to the ED in 
January with fever and headache.  In addition, 
his wife says that he has been acting strangely, 
has become forgetful and vomited that 
morning.  He has a seizure while in the ED.  morning.  He has a seizure while in the ED.  
CSF analysis reveals lymphocytes, a few RBCs, 
however no neutrophils or organisms are 
seen. Glucose level is normal.  An MRI of the 
brain reveals a focal lesion affecting the left 
temporal lobe.  



Which drug would be the most 

appropriate therapy for the patient?

a. Acyclovir

b. Amantadine

c. Amphotericin B

d. Ceftriaxoned. Ceftriaxone

e. Rifampin



Answer:  a, Acyclovir

• The patient’s symptoms are most consistent with 
the diagnosis of viral encephalitis caused by HSV.  
Viral etiology is suggested by the presence of 
lymphocytes but no neutrophils in the CSF and 
normal glucose. Clues to HSV are the time of year normal glucose. Clues to HSV are the time of year 
(not mosquito season) and limitation of the 
disease to one temporal lobe. Amantadine is 
used is an anti-influenza A drug, Amphotericin B 
is an anti-fungal agent; both Ceftriazone and 
Rifampin are anti-bacterial agents.
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Case 1
A sample from a 24 year old 20 week

pregnant female is sent to the blood bank as part

of the prenatal screen.  Here is her panel, what

antibody is present?

A. Anti-K

B. Anti-e

C. Anti-Lua

D. Anti-S

E. Anti-Lea





Case 1
A sample from a 24 year old 20 week

pregnant female is sent to the blood bank as part

of the prenatal screen.  Here is her panel, what

antibody is present?

A. Anti-K

B. Anti-e

C. Anti-Lua

D. Anti-S

E. Anti-Lea



The technologist wants to confirm the identity of this 

antibody by a neutralization procedure. Which of the 

following neutralizing substances can be used?

A. Hydatid fluid

B. SalivaB. Saliva

C. Pigeon eggs

D. Guinea pig urine

E. Human milk



The technologist wants to confirm the identity of this 

antibody by a neutralization procedure. Which of the 

following neutralizing substances can be used?

A. Hydatid fluid

B. SalivaB. Saliva

C. Pigeon eggs

D. Guinea pig urine

E. Human milk



Neutralizing 

Substance

Antigenic Activity

Saliva H, Lea 

Guinea pig urine Sda 

Breast milk IBreast milk I

Hydatid cyst fluid P1 

Pigeon eggs P1 



Which of the following is the patient’s antigen 

phenotype to form this antibody?

A. Lu(a-b+)

B. Le(a-b+)

C. Lu(a-b-)

D. Le(a-b-)

E. Le(a+b-)



Which of the following is the patient’s antigen 

phenotype to form this antibody?

A. Lu(a-b+)

B. Le(a-b+)

C. Lu(a-b-)

D. Le(a-b-)D. Le(a-b-)

E. Le(a+b-)



What is the genotype for Le, Se and H in a

patient with Le(a-b+) red blood cell antigen

phenotype?

A. le, H, se

B. Le, le, Se

C. H, Se, and B

D. Le, H and O

E. Le, H and Se



What is the genotype for Le, Se and H in a

patient with Le(a-b+) red blood cell antigen

phenotype?

A. le, H, se

B. Le, le, Se

C. H, Se, and BC. H, Se, and B

D. Le, H and O

E. Le, H and Se



What is the most common phenotype amongst 

both Caucasians, Africans and Asians?

A. Le (a+b-)

B. Le (a-b+)

C. Le (a-b-)C. Le (a-b-)

D. Le (a+b+)
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Which race has the highest 

incidence of Le(a-b-)

A. Caucasians

B. Asians

C. Africans

D. TaiwaneseD. Taiwanese



Which race has the highest 

incidence of Le(a-b-)

A. Caucasians

B. Asians

C. Africans
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Which race has the highest incidence 

of the rare Lewis phenotype Le(a+b+)?

A. Caucasians

B. Asians

C. Africans

D. TaiwaneseD. Taiwanese



Which race has the highest incidence 

of the rare Lewis phenotype Le(a+b+)?

A. Caucasians

B. Asians

C. Africans

D. TaiwaneseD. Taiwanese



If a patient has phenotype Le(a-b+) 

which antibody can he/she form?

A. Anti-Lea

B. Anti-Leb

C. BothC. Both

D. Neither



If a patient has phenotype Le(a-b+) 

which antibody can he/she form?

A. Anti-Lea

B. Anti-Leb

C. BothC. Both

D. Neither



Lewis System

• Differs from other blood group systems

– Soluble glycolipids expressed:

• Plasma, platelets, endothelium

• Kidney, GU & GI epithelium

– Phenotype base on Lewis and secretor genes – Phenotype base on Lewis and secretor genes 

inherited.

– ABH and Le use the same precursor substrate.

• Precursor carbohydrate chains carry ABH 

antigens.



Type I Oligosaccharide chains

Type I chains:  
– Secretions

– Plasma

– Endodermally derived 

Gal

– Endodermally derived 
tissues

– Not synthesized by 
RBC but incorporated 
from plasma.

– Contribute A, B, H 
activity to body fluids 
and secretions

Gal

GlcNAc

β-1→3 

linkages

β-1 → 3 

linkages



Type II oligosaccharide chains

Type II chains:

– Highly branched 

oligosaccharides

– Attach to integral 

proteins on RBC

Gal

β-1 → 3 proteins on RBC

– Predominanty ABH 

carrying chain

– > 2 million A, B, H 

sites on RBC

Gal GlcNAc
β-1 → 3 

linkages

β-1 → 4 

linkages



H gene

• Chromosome 19, 
FUT1 locus

• H allele encodes

fucosyltransferase

• Fucose added to  

β-1,3 

linkages

Gal
β-1 → 4 

linkages

• Fucose added to  
Type II chain

• H antigen on RBC

• “h” allele is rare and 
does not add

linkages

α1→2 

linkages

Gal GlcNAc

Fuc



H gene

• Enzyme adds fucose to 
type II chains on terminal 
galactose.

• Required for A or B 
antigen formation on 

Gal

Fuc

H Antigen

A Antigen B Antigen

α1→2 

linkages

antigen formation on 
RBC.

Gal
Gal

Gal

Fuc
Fuc

GlcNAc

A Antigen B Antigen

α1→3 

linkages

α1→3 

linkages



Secretor gene

• Adds fucose to type I 

chains on terminal 

galactose.

β-1,3 

linkages

Gal

GlcNAc

β-1→3 

linkages

• Creates H antigen 

present in plasma and 

secretions.

linkages

α1→2 

linkages

Gal

Fuc



Se gene

• Chromosome 19, FUT2 locus

• 2 alleles

– Se and se.

• Se produces fucosyltransferase • Se produces fucosyltransferase 

• Adds fucose to type I chains at terminal 

galactose.

• “se” allele does not produce enzyme.



Le allele

• FUT3 produces

fucosyltransferase to

attach fucose to GlcNAc

on type 1 precursor GlcNAc

Gal

on type 1 precursor

chains  

• Le a activity

• Present in plasma

• Leb not created from 
Lea

β-1,3 

linkagesGal

GlcNAc

β-1,3 

linkages

Fuc

α1→4 

linkages



Se and Le
• Se allele adds fucose 

to type 1 chain at Gal 
to form Type 1 chain 
H antigen.

• Le allele then adds 
2nd fucose to GlcNac 
on type 1 H antigen = 

β-1,3 

linkages

Gal

Fuc
Le added Fuc to GlcNAc

α1→4 

linkages

on type 1 H antigen = 
Leb

• Le & Se genes 
inherited :Type 1 H 
chain production 
favored over Lea

synthesis

linkages

α1→2 

linkages

Gal GlcNAc

Fuc

Se added Fuc to Gal of type 1 chain



Lewis System

• Most Lewis antigen synthesized is Leb

– RBC phenotype Le(a-b+)

• Lea and Le b are not antithetical antigens 

made by same allele.made by same allele.

– Interaction of 2 fucosyltransferases

– Chromosome 19: Se and Le loci

– Adsorbed onto RBC membrane



Phenotypes & Genotypes

• Le(a-b+): 72% C, 55% Africans, 72% Asians

– Genotype: Le,Se

• Le(a+b-): 22% C, 23% Africans, 22% Asians

– Genotype: Le,sese – Genotype: Le,sese 

• Le(a-b-) : 6% C, 22% Africans, 6% Asians

– Did not inherit Le allele and will not express Le

– Genotypes: lele,Se or lele,sese

• Le(a+b+): Rare, Taiwanese
– Genotype: Le, Sew



Pearls about Anti-Le

• Exclusively in Le(a-b-) patients

• Saline agglutinins

• IgM Class antibodies

– Room temperature

– Bind complement– Bind complement

– Hemolysis in vitro

– Can detect at 37C and AHG phase

• Adsorb out Anti-Le antibodies with adsorbing/neutralizing 
substances (saliva, urine, plasma etc.)



Le(a-b+) patients

• Patients with Le(a-b+) have Lea present 

but in smaller quantities in plasma and 

saliva.

• Cannot form Anti-Lea in phenotype 
Le(a-b+), small amounts of Lea in 
plasma.



The intern calls you and wants to know what is the 

risk to the fetus/newborn with this maternal 

antibody?

A. Fetus will be unharmed

B. Fetus will have hemolysis

C. Fetus will have +DAT

D. Fetus will be anemic

E. Fetus will be at risk of death



The intern calls you and wants to know what is the 

risk to the fetus/newborn with this maternal 

antibody?

A. Fetus will be unharmed

B. Fetus will have hemolysis

C. Fetus will have +DAT

D. Fetus will be anemic

E. Fetus will be at risk of death



Le in Pregnancy 

• In pregnancy some women transiently 
express Le(a-b-) to form Le abs, no 
exposure required
– Brendomoen Phenomenon– Brendomoen Phenomenon

• IgM antibody cannot cross placenta.

• Fetal cells have poorly developed Le antigens, 
therefore not risk of HDN.

• Lewis phenotype developed by 5-6 years old



After delivery the mother suffers an unexpected 

postpartum hemorrhage and receives several units 

of emergency release red blood cell units. What is 

the potential impact if the blood she received is 

antigen positive blood?

A. Mother will be unharmedA. Mother will be unharmed

B. Mother will have hemolysis

C. Mother will have +DAT

D. Mother will have transfusion reaction

E. Mother will be at risk of death



After delivery the mother suffers an unexpected 

postpartum hemorrhage and receives several units 

of emergency release red blood cell units. What is 

the potential impact if the blood she received is 

antigen positive blood?

A. Mother will be unharmedA. Mother will be unharmed

B. Mother will have hemolysis

C. Mother will have +DAT

D. Mother will have transfusion reaction

E. Mother will be at risk of death



Transfusion Practice

• Full crossmatch for compatible blood

• Le antigens adsorb and elute readily 

• Transfused antigen + RBC shed Le ags 
and assume phenotype of recipient.and assume phenotype of recipient.

– Normal in vivo survival

• Anti-Le are neutralized by Le substance in 
donor plasma.

• Hemolysis rare



Pearls Lewis

• Leb and H antigens receptors for H.pylori

• Leb and type 1 H antigens are receptors 

for Norwalk virus

• Le(a-b-) phenotype increased • Le(a-b-) phenotype increased 

susceptibility to Candida and 

uropathogenic E. coli.



Case 2

24 year old G3P2 O negative female presents at 

12 weeks gestation. A sample is submitted to the 

blood bank for an antibody screen. Here is her 

antibody panel, what antibody(ies) are identified?

A. Anti-DA. Anti-D

B. Anti-C

C. Anti-D and C

D. Anti-D and e

E. Anti-D and c





Case 2

24 year old G3P2 O negative female presents at 

12 weeks gestation. A sample is submitted to the 

blood bank for an antibody screen. Here is her 

antibody panel, what antibody(ies) are identified?

A. Anti-DA. Anti-D

B. Anti-C

C. Anti-D and C

D. Anti-D and E

E. Anti-D and c



What single antibody could this represent?

A. Anti-V

B. Anti-f

C. Anti-G

D. Anti-H

E. Anti-I



What single antibody could this represent?

A. Anti-V

B. Anti-f

C. Anti-G

D. Anti-H

E. Anti-I



A new sample from the patient is submitted at 28 

weeks gestation for RhIg, what should you do at this 

point?

A. Do not dispense since she has an anti-D 
antibody

B. Do not dispense since she has an anti-C 
antibody

C. Do not dispense since she has an anti-f C. Do not dispense since she has an anti-f 
antibody

D. Dispense since she has formed an antibody 
that mimics an anti-D antibody

E. Dispense so she doesn’t form additional Rh 
antibodies



A new sample from the patient is submitted at 28 

weeks gestation for RhIg, what should you do at this 

point?

A. Do not dispense since she has an anti-D 
antibody

B. Do not dispense since she has an anti-C 
antibody

C. Do not dispense since she has an anti-f C. Do not dispense since she has an anti-f 
antibody

D. Dispense since she has formed an antibody 
that mimics an anti-D antibody

E. Dispense so she doesn’t form additional Rh 
antibodies



G antigen/antibody

• G antigen

– Present on RBC expressing C or D antigens

– Antigen common to both C and D.

– Encode by RHD or RHCE genes (bp103)

• Anti-G

– Appear as Anti-D and anti-C– Appear as Anti-D and anti-C

– Adsorption/elution studies: anti-D, -C and –G.

– Give D-C- blood for transfusion,

– Obstetrics: if Anti-G because get Rhogam to prevent 
Anti-D formation.



After delivery, a sample is submitted for a rosette 

test which is positive for a fetal-maternal 

hemorrhage. They perform the Kleihauer-Betke 

test and count 40 fetal cells. How many total RBCs 

does the technologist have to count?

A.100A.100

B. 200

C. 500

D. 1000

E. 2000



After delivery, a sample is submitted for a rosette 

test which is positive for a fetal-maternal 

hemorrhage. They perform the Kleihauer-Betke 

test and count 40 fetal cells. How many total RBCs 

does the technologist have to count?

A.100A.100

B. 200

C. 500

D. 1000

E. 2000



Based on the previous question, what % of fetal cells 

were detected in this maternal sample?

A. 1%

B. 2%

C. 3%C. 3%

D. 4%

E. 5%



Based on the previous question, what % of fetal cells 

were detected in this maternal sample?

A. 1%

B. 2%

C. 3%C. 3%

D. 4%

E. 5%



Determining % of fetal cells

• # of fetal cells = % of fetal cells

2000 cells

• 40 fetal cells = 0.02 x 100 = 2%• 40 fetal cells = 0.02 x 100 = 2%

2000 cells



If you plan to dispense the RhIg, how many vials of 

RhIg should you dispense?

A. 1 vial

B. 2 vials

C. 3 vials

D. 4 vialsD. 4 vials

E. 5 vials



If you plan to dispense the RhIg, how many vials of 

RhIg should you dispense?

A. 1 vial

B. 2 vials

C. 3 vials

D. 4 vialsD. 4 vials

E. 5 vials



What is the maximum number of hours after a fetal 

maternal hemorrhage or delivery should you 

dispense RhIg?

A. 24 hours

B. 36 hours

C. 48 hoursC. 48 hours

D. 56 hours

E. 72 hours



What is the maximum number of hours after a fetal 

maternal hemorrhage or delivery should you 

dispense RhIg?

A. 24 hours

B. 36 hours

C. 48 hoursC. 48 hours

D. 56 hours

E. 72 hours



Rosette Test: Fetal Maternal Hemmorhage

• Detects fetal D+ cells in D-

mother

• Incubates anti-D antisera with 

mother sample to coat D+ fetal 

cells

• D+ indicator cells used to • D+ indicator cells used to 

agglutinate with anti-D antisera 

coating fetal cells

• Microscopically detectable 

rosettes

• Detects about 10 mL FMH

• Good qualitative screening test 

• If positive perform K-B stain



Kleihauer Betke Fetal Hemoglogin Stain

– Acid elution test to assess fetal maternal 
hemorrhage

– Prepare peripheral smears of mother’s blood

– Quantitative estimate

– Poor precision and accuracy– Poor precision and accuracy

– Hgb F is acid resistant, therefore stain brightly 

– Hgb A cells are lysed by acid solution and see 
cell outline



Calculation

• Ocular grid: count 8 fields

• Must count at least 2000 adult cells

• Fetal cells = % fetal cells

Adult cellsAdult cells

• %fetal cells X 5000 mL (Mom bld vol)

• Divide result by 30 ml per dose



Quick calculation

• KB% x 5/3 = number of vials needed

• Rounding rules

– Number to right of decimal < 5 round down 

and add 1 dose.and add 1 dose.

– Number to right of decimal >5 round up to 

next number and add 1 dose.

• Do not give > 5 vials at one time

• Dispense with 72 hours



RhIg Calculation

• KB% x 5/3

• 2% x 5/3 = 3.333

– Number to right of decimal < 5 round down 

and add 1 dose.and add 1 dose.

• Therefore 3 +1 = 4 doses

• Must administer within 72 hours of exposure



Rh Immune globulin (RhIg)

• Concentrate of Anti-D IgG antibody 

• Pooled human plasma

• 300ug is the full dose

– 15 ml D+RBC or 30 ml D+WB – 15 ml D+RBC or 30 ml D+WB 

• Microdose RhIg

– 50 ug protective for 2.5 ml

– Used for 1st trimester abortions

– Risk is undertreatment



RhIg 

• Rhogam

– IM injection only

• WinRho

– IV solution about 10X more costly

• Rhophylac• Rhophylac

– Newly marketed RhIg

– No demonstrated studies of improved efficacy

– Solution that is IV or IM, no microdoses and 
slightly more expensive

– Dose is 1500 IU (300 ug), manufacturer claims 
neutralizes 17 mL of D+ RBCs.



Antepartum Administration

• 28 weeks based on ACOG study that 92% Anti-

D formation at/after 28 wks

• Half life is 21 days, so 20-30 ug present at 40 

wks.wks.

• Most receive postpartum

• Mothers with Rh antibodies other than anti-D are 

candidates.



Anti-D detected in pregnant female

• RhIg can last up to 6 months

– Moms can have +ab screens

– Babies have +DATs if Rh +

• Check patient history • Check patient history 

• Titer Anti-D

– Titer < 4 usually passive

– Titer > 4 indicates active

– Rhogam is not indicated for immunized 

pregnant mothers



Bonus Case



A 5 year old female presents to the ER after having a cold for 

3 days. She woke up this morning pale, tachypneic, lethargic 

and had very dark brown urine with her first morning void. Her 

hemoglobin on arrival was 4.5 g/dL. A sample is sent to the 

blood bank and these are the results of her antibody screen 

performed with solid phase testing and here is her DAT 

results. What antibody is this suggestive of?

A. Anti-eA. Anti-e

B. Anti-Lub

C. Anti-i

D. Anti-P

E. Anti-M



Panel at room temperature, 

immediate Spin



Panel warmed to 37C, AHG phase. 

DAT +, IgG -, C3b +



A 5 year old female presents to the ER after having a cold for 

3 days. She woke up this morning pale, tachypneic, lethargic 

and had very dark brown urine with her first morning void. Her 

hemoglobin on arrival was 4.5 g/dL. A sample is sent to the 

blood bank and these are the results of her antibody screen 

performed with solid phase testing and here is her DAT 

results. What antibody is this suggestive of?

A. Anti-eA. Anti-e

B. Anti-Lub

C. Anti-i

D. Anti-P

E. Anti-M



What class of immunoglobulin is the identified 

antibody?

A. IgA

B. IgM

C. IgG

D. IgED. IgE

E. IgD



What class of immunoglobulin is the identified 

antibody?

A. IgA

B. IgM

C. IgG

D. IgED. IgE

E. IgD



To confirm the identity of this test, a double 

incubation is performed. The specimen was 

incubated at 0C for 30 minutes and 37 C for 60 

minutes, what is the name of this test?

A. Cold agglutinin test

B. Cold autoadsorption testB. Cold autoadsorption test

C. Complement fixation test

D. Donath-Landsteiner test

E. Neutralization test
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incubated at 0C for 30 minutes and 37 C for 60 

minutes, what is the name of this test?

A. Cold agglutinin test

B. Cold autoadsorption testB. Cold autoadsorption test

C. Complement fixation test
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E. Neutralization test



What syndrome is associated with 

a positive Donath-Landsteiner test?

A. Cold agglutinin syndrome

B. Raynauds syndrome

C. Paroxysmal nocturnal hemoglobinuria

D. Paroxysmal cold hemoglobinuriaD. Paroxysmal cold hemoglobinuria

E. Waldenstrom’s macroglobulinemia



What syndrome is associated with 

a positive Donath-Landsteiner test?

A. Cold agglutinin syndrome

B. Raynauds syndrome

C. Paroxysmal nocturnal hemoglobinuria

D. Paroxysmal cold hemoglobinuriaD. Paroxysmal cold hemoglobinuria

E. Waldenstrom’s macroglobulinemia



Syndrome Antibody

Cold agglutinin 

syndrome

Anti-I

Raynauds syndrome Vasospasms

Paroxysmal nocturnal Deficiency in decay Paroxysmal nocturnal 

hemoglobinuria

Deficiency in decay 

accelerating factor 

causes RBC lysis

Paroxysmal cold 

hemoglobinuria

Anti-P

Waldenstrom’s 

macroglobulinemia

Cryoglobulins – type I



Prior to the 1950’s what infection was this antibody 

most commonly associated with?

A. Chicken pox

B. Mumps

C. Polio (Enterovirus)

D. SyphilisD. Syphilis

E. Measles
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The P antigen is a receptor for 

which of the following 

microorganisms?

A. E-coli associated HUS

B. Parvovirus B-19

C. Plasmodium falciparum

D. Streptococcus suis

E. Echinococcus



The P antigen is a receptor for 

which of the following 

microorganisms?

A. E-coli associated HUS

B. Parvovirus B-19B. Parvovirus B-19

C. Plasmodium falciparum

D. Streptococcus suis

E. Echinococcus



Antigen systems and 

Microorganisms

Antigen Microorganism

Pk E-coli associated HUS

P Parvovirus B-19P Parvovirus B-19

Duffy (a), (b) Plasmodium vivax

Pk Streptococcus suis

Produces anti-P1ab Echinococcus



What type of RBC cells should you transfuse this 

patient?

A. Prewarmed

B. Washed

C. P antigen negative RBC

D. IrradiatedD. Irradiated

E. P antigen positive RBC



What type of RBC cells should you transfuse this 

patient?

A. Prewarmed

B. Washed

C. P antigen negative RBC

D. IrradiatedD. Irradiated

E. P antigen positive RBC



If a patient was recently diagnosed with Epstein Barr 

virus, what antigen specificity would the cold RBC 

autoantibody likely have?

A. P

B. Fya

C. I

D. iD. i

E. Le



If a patient was recently diagnosed with Epstein Barr 

virus, what antigen specificity would the cold RBC 

autoantibody likely have? 

A. P

B. Fya

C. I

D. iD. i
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If a patient was recently diagnosed with Mycoplasma 

pneumoniae, what antigen specificity would the cold 

RBC autoantibody likely have? 

A. P

B. Fya

C. I

D. i

E. Le



If the patient had a confirmed diagnosis with 

Mycoplasma pneumoniae, what antibody would this 

most likely represent?

A. P

B. Fya

C. I

D. i

E. Le



History of DL antibodies

• 1900’s:  Paroxysmal Cold Hemoglobinuria (PCH) first 

recognized form of AIHA

• Associated with syphilitic infections

– Congenital and tertiary syphilis

• Mid 1950’s • Mid 1950’s 

– Identified in children without syphilis

– Febrile illnesses

• Viral upper respiratory infections

• Bacterial infections

– Immunizations



Donath Landsteiner Antibodies

• IgG antibody to P antigen

– High incidence RBC antigen

– Globo-glycosphingolipid: 6% of total RBC lipid

– Lymphocytes, plts, kidney, lung, heart, endothelium, 
synovium

• Biphasic hemolysin

– Temperatures < 37 peripherally– Temperatures < 37 peripherally

• IgG antibody binds to P antigen

• Fixes complement C1 to RBC membrane

– Complement coated cells recirculate to core

• Activates the MAC attack complex by C4 and C2

• RBC lysis intravascular

• IgG antibody free to bind more RBC



Formation of DL antibodies

• 3 Mechanisms 
– P antigen altered by infectious agents

– Induces changes of superficial globoside on 
RBC membrane

– Causes cross reactivity with P antigen

• All 3 mechanisms may be present• All 3 mechanisms may be present

• Glycosphinolipid becomes immunogenic when 
associated with viral antigens

• Increased production of autoantibodies

– Increased lymphocyte activation

– Immune dysregulation



Erythrophagocytosis by PMNS 

associated with PCH



Routine test

• Antibody screen

– Negative at 37 C

• Direct antiglobulin test (DAT)

– Poly : positive– Poly : positive

– IgG: negative

– Complement: positive 

• 94-100 % of patients with DL abs are 

positive

• Cold agglutinin test

– negative



Indirect DL test

• Collect & maintain sample at 37 C

• 3 series of tubes

– Patient serum only

– Patient serum and donor serum

– Donor serum only

• Add group O donor RBC• Add group O donor RBC

• Incubate

– A: incubate 0 C for 30 mins, 37 C for 60 mins

– B: incubate 0C for 90 mins

– C: incubate 37 C for 90 mins

• Centrifuge and examine for hemolysis



Positive DL Test



False test results

• False negatives

– Specimen not kept at 37 C 

• Adsorb out anti-P autoantibodies

– Low antibody titer

• Below threshold of detection• Below threshold of detection

– DL antibody neutralized

• Globoside & glycosphingolipid in serum  

– Hypocomplementemia

• PCH patients have low complement levels

• Use donor serum as source of complement



False positive

• Testing cells treated with enzymes

• Cold autoantibodies with broad thermal • Cold autoantibodies with broad thermal 

amplitude



Transfusion

• Transfuse patients with signs & symptoms of rapid 
hemolysis

• Compatibility test

– Donor units P antigen positive

– May demonstrate incompatibility in vitro

• Cold avoidance: first line therapy• Cold avoidance: first line therapy

• Multiple transfusion strategies 

– Prewarm RBC 

– Wash RBC to remove complement

– No evidence for improved RBC survival

– Transfusion should not be withheld

– No evidence P positive RBC precipitate hemolysis



Cold autoantibodies

• IgM antibodies

• Monophasic reacting antibodies

• Reactive at temperatures below 37 C.

• React best at 4 to 15 C• React best at 4 to 15 C

• Cold agglutinin disease

– Anti-I associated with Mycoplasma 

pneumonia

– Anti-i associated with EBV



Cold agglutinins



PCH Cold Agglutinin syndrome

Patient Children or young adults Elderly or middle aged

Pathogenesis Follows a viral infection
Idiopathic,lymphoproliferative 

disorder/Mycoplasma infection

Clinical features
Hemoglobinuria, acute attacks 

with cold exposure

Acrocyanosis/autoagglutination of 

blood at room temperature

Severity of 

Hemolysis
Acute and rapid Chronic and rarely severe

Hemolysis
Acute and rapid Chronic and rarely severe

Hemolysis Intravascular Extra/Intravascular (lysis)

Autoantibody Anti-P IgG biphasic antibody Anti-I, -i IgM monophasic antibody

DAT
Polyspecific (+):

IgG (-), C3 (+)

Polyspecific (+):

IgG (-), C3 (+)

Thermal range Moderate (<20C) High (30-37C)

Titer Moderate (64) High (>1000)

DL test Positive Negative

Treatment Supportive Avoid the cold
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