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While driving home from an evening office party in the autumn of 2009, a 35-year-
old woman had a sudden onset of chills, myalgias, nausea, and abdominal cramping. 
She had previously been in good health. That night she had a fever (temperature, 
38.9°C [102°F]), explosive nonbloody diarrhea, frequent vomiting, and abdominal 
and low back pain. When she presented to her hospital’s emergency department the 
next morning, she did not appear to be severely ill. The temperature was 37.6°C 
(99.6°F), blood pressure 153/51 mm Hg, and heart rate 67 beats per minute. The 
physical examination was normal except for mild abdominal and back tenderness. 
Blood-test results included a hemoglobin level of 13.8 g per deciliter, a white-cell 
count of 18,400 per cubic millimeter, with 63% neutrophils and 27% band neutro-
phils, and a platelet count of 132,000 per cubic millimeter. A urine sample could not 
be obtained. A stool specimen was cultured for routine pathogens. The presumed 
diagnosis was viral gastroenteritis. The patient was treated with intravenous fluids 
and ondansetron and was instructed to see her primary care physician within the 
next 3 to 5 days.

The emergency department physician was not alarmed. The patient’s symptoms are 
common, nonspecific symptoms, and viral gastroenteritis is a common disorder. 
However, given the abdominal pain, fever, leukocytosis with many band neutrophils, 
and slightly low platelet count, I would also have considered the possibility that she 
has a more serious condition, such as cholecystitis, cholangitis, or pancreatitis.

The patient’s evaluation in the emergency department did not take into account ad-
ditional laboratory data obtained that morning: a blood urea nitrogen level of 17 mg 
per deciliter (6.1 mmol per liter), creatinine 2.6 mg per deciliter (230 μmol per liter), 
alanine aminotransferase 52 U per liter (normal range, 12 to 48), aspartate amino-
transferase 248 U per liter (normal range, 8 to 41), and total bilirubin 3.5 mg per 
deciliter (60 μmol per liter); direct and indirect bilirubin levels were not measured. 
Ten months earlier, at the time of a routine office visit, results of testing at the same 
laboratory showed a hemoglobin level of 13.5 g per deciliter, a white-cell count of 
6800 per cubic millimeter with a normal differential count, a platelet count of 
286,000 per cubic millimeter, creatinine level of 0.7 mg per deciliter (62 μmol per li-
ter), alanine aminotransferase level of 27 U per liter, aspartate aminotransferase level 
of 21 U per liter, and total bilirubin level of 0.6 mg per deciliter (10 μmol per liter).

The additional laboratory data obtained that morning had been entered into the 
patient’s medical record but were not noticed while she was in the emergency depart-
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ment. If these data had been noticed after the 
patient left the emergency department, she should 
have been asked to return immediately. I would 
have admitted her to the hospital. The low ratio 
of blood urea nitrogen to creatinine and the ab-
sence of signs of dehydration suggest intrinsic 
acute kidney injury. I would have been concerned 
that the patient might have rapidly progressive 
glomerulonephritis. I would also have considered 
toxicity-related causes of acute kidney injury as-
sociated with thrombocytopenia, such as intra-
venous abuse of oxymorphone (Opana-ER). Given 
the abnormal liver function, I would have consid-
ered disorders such as hepatitis (alcoholic or viral) 
or an idiosyncratic drug reaction, although these 
reactions typically do not cause concomitant 
acute kidney injury. If the serum creatinine con-
tinued to increase, I would have considered a kid-
ney biopsy to be appropriate.

The patient returned to the emergency department 
2 days after her first visit. The vomiting and diar-
rhea had subsided, but she had not urinated since 
her illness began. Her back pain persisted. She had 
no fever or rash. She reported no excessive alcohol 
use or drug abuse. The blood pressure was 146/88 
mm Hg. The results of laboratory testing were as 
follows: hemoglobin level 11.6 g per deciliter, 
white-cell count 14,900 per cubic millimeter with 
67% neutrophils and 6% band neutrophils, plate-
let count 54,000 per cubic millimeter, creatinine 
level 9.3 mg per deciliter (822 μmol per liter), ala-
nine aminotransferase level 274 U per liter, aspar-
tate aminotransferase level 350 U per liter, total 
bilirubin level 1.0 mg per deciliter (17 μmol per 
liter), international normalized ratio 1.0, activated 
partial-thromboplastin time 28 seconds, and fi-
brinogen level 549 mg per deciliter (normal range, 
150 to 450 mg per deciliter). A stool culture was 
negative for routine pathogens. Computed tomog-
raphy (CT) of the patient’s abdomen and pelvis 
(performed without the administration of con-
trast material) was normal. She was admitted to 
the hospital.

Severe acute kidney injury occurring together with 
anemia, thrombocytopenia, and elevated amino-
transferase levels may be caused by hypotension 
and disseminated intravascular coagulation as-
sociated with a critical illness. However, the pa-
tient is not critically ill, and the results of coagu-
lation testing, including the elevated fibrinogen 

level, are not consistent with this diagnosis. The 
combination of anemia, thrombocytopenia, and 
acute kidney injury suggests a thrombotic micro-
angiopathy (TMA) syndrome or, less likely, a rap-
idly progressive glomerulonephritis associated with 
thrombocytopenia, such as systemic lupus ery-
thematosus or scleroderma renal crisis. Neither 
the sudden onset of symptoms nor the abnormal 
results of the liver function tests would be ex-
pected with the most common causes of TMA, 
thrombotic thrombocytopenic purpura (TTP) and 
Shiga toxin–induced hemolytic–uremic syndrome 
(HUS). Other features are also inconsistent with 
these diagnoses. In patients with TTP, thrombo-
cytopenia is more severe (i.e., the platelet count 
is typically lower than 20,000 per cubic millime-
ter) than is seen in this patient, and severe acute 
kidney injury is rare. Patients with HUS typically 
present with abdominal pain that has lasted for 
several days, followed by bloody diarrhea.

On evaluation at the hospital, the patient’s medi-
cal history was notable only for mild asthma and 
occasional headaches. Her only medications were 
rizatriptan and ibuprofen (taken as needed for 
headaches) and montelukast (taken daily). She had 
no history of Raynaud’s phenomenon and reported 
no history of rashes, arthralgias, or other manifes-
tations suggestive of systemic lupus erythematosus. 
There was no family history of kidney disease. She 
had been working regularly until the onset of this 
illness. She was afebrile; her blood pressure was 
154/98 mm Hg. The remainder of her physical ex-
amination was normal, except for bilateral flank 
tenderness. The hemoglobin level was 10.7 g per 
deciliter, white-cell count 10,400 per cubic milli-
meter with 83% neutrophils, platelet count 
42,000 per cubic millimeter, creatinine level 10.7 
mg per deciliter (946 μmol per liter), alanine ami-
notransferase level 183 U per liter, aspartate ami-
notransferase level 174 U per liter, and lactate de-
hydrogenase level 2402 U per liter. An examination 
of the peripheral-blood smear showed many large 
polychromatophilic red cells (reticulocytes) and 
many fragmented red cells (schistocytes). A direct 
antiglobulin test (Coombs’ test) was negative.

The polychromatophilic red cells suggest that 
hemolysis, rather than bone marrow failure, is 
the cause of the anemia. Hemolytic anemia with 
fragmented red cells (suggesting structural dam-
age caused by turbulent blood flow) but with no 
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evidence of immune-mediated hemolysis (i.e., a 
negative direct antiglobulin test) is consistent with 
a microangiopathic hemolytic anemia. In the 
absence of intravascular mechanical devices, the 
cause is assumed to be microvascular obstruction, 
which is commonly the result of platelet-rich 
thrombi creating high shear stress, which frac-
tures red cells. The elevated level of lactate dehy-
drogenase is consistent with intravascular he-
molysis but could also indicate ischemic organ 
injury.

Her physicians’ initial diagnosis was either TTP 
or HUS. A central venous catheter was placed. 
Plasma exchange was begun and hemodialysis was 
anticipated. She was also treated with methylpred-
nisolone at a dose of 120 mg daily.

There are multiple causes for microangiopathic 
hemolytic anemia, thrombocytopenia, and acute 
kidney injury. Severe hypertension can cause these 
conditions, but the patient’s hypertension is not 
of the severity typically associated with TMA 
(i.e., blood pressure generally higher than 
160/110 mm Hg). Systemic lupus erythematosus 
and scleroderma renal crisis are other causes, 
but the patient does not have any clinical mani-
festations to suggest either diagnosis. I can un-
derstand her physicians’ initial consideration of 
TTP and the initiation of plasma exchange and 
glucocorticoids. Although some features of this 
patient’s illness were not characteristic of TTP, 
the fundamental clinical criteria for TTP were 
met (i.e., presence of microangiopathic hemolytic 
anemia and thrombocytopenia without an appar-
ent alternative cause).

If I were considering the case now, I would be 
concerned about the possibility of complement-
mediated TMA (also described as atypical HUS); 
however, in 2009, when this patient was seen, 
this condition was not a well-recognized cause 
of TMA in adults. Since the 2011 Food and Drug 
Administration (FDA) approval of eculizumab 
(an inhibitor of C5 activation) for this disorder, 
awareness of complement-mediated TMA has been 
increasing. The patient’s clinical features conform 
to FDA-approved indications for the use of ecu-
lizumab, as stated in the package insert: “the treat-
ment of patients with atypical HUS to inhibit 
complement-mediated thrombotic microangiop-
athy.” Plasma exchange may also benefit patients 
with this condition.

Hemodialysis was initiated. The following morn-
ing, the patient continued to have anuria. In recall-
ing the precise moment when the severe symptoms 
had begun as she was driving home from the of-
fice party, she said, “It was like a lightning strike.” 
She reaffirmed that the only drugs she took were 
montelukast (which she had been taking daily for 
several years) and rizatriptan and ibuprofen (which 
she had taken occasionally but not recently). She 
reported that she did not use herbal remedies, qui-
nine pills, or illegal drugs.

Her description of the precise moment when her 
symptoms began is suggestive of an immune-
mediated adverse drug reaction. However, she 
had not taken any drug in a way that fits the 
pattern for the development of drug-dependent 
antibodies (taking the drug daily for less than 
several weeks or taking it intermittently and 
within hours before the onset of symptoms). 
Quinine, which is contained in tonic water and 
other beverages (as well as in pills), is the most 
common cause of drug-induced, immune-medi-
ated TMA. Other drugs that have been reported to 
cause drug-induced, immune-mediated TMA in-
clude ciprofloxacin, gemcitabine, and oxaliplatin.

The patient was questioned about ingestion of gin 
and tonic. She said she had never had this drink. 
However, she then recalled that she had drunk 
vodka and tonic (“but only a sip”) just before she 
left the party. On further questioning, she recalled 
that the last time she had drunk vodka and tonic 
before that night was 16 months earlier, at a wed-
ding party. She had had chills, fever, vomiting, 
severe headache, and posterior neck pain within 
an hour after consuming this drink, and she had 
been taken to an emergency department. A subse-
quent review of the records from that emergency 
department revealed that meningitis had been 
suspected, but examination of the spinal fluid and 
CT of the head were both normal. The hemoglo-
bin level was 12.9 g per deciliter, the platelet count 
227,000 per cubic millimeter, and the creatinine 
level 1.7 mg per deciliter (150 μmol per liter). No 
diagnosis was established. By 6 months after that 
episode (10 months before the current illness), the 
creatinine level had returned to normal (0.7 mg 
per deciliter [62 μmol per liter]).

The history of two episodes in which the sudden 
onset of severe symptoms occurred promptly af-
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ter exposure to quinine provides strong clinical 
evidence for quinine-induced TMA as the cause 
of the patient’s current illness. The previous serum 
creatinine value suggests that reversible acute 
kidney injury had occurred at the time of the 
prior quinine exposure. Adverse reactions to 
quinine can also cause acute liver injury, which 
provides an explanation for the elevated amino-
transferase and bilirubin levels that occurred 
with the current episode.

ADAMTS13 (a disintegrin and metalloproteinase 
with a thrombospondin type 1 motif, member 13) 
activity of 100% was reported several days later. 
The platelet count subsequently normalized. Plas-
ma exchange was discontinued, and the patient 
was discharged. She required dialysis for 2 more 
months. Quinine-dependent antibodies that were 
reactive with both platelets and neutrophils were 
identified in the patient’s serum on testing at the 
BloodCenter of Wisconsin.

The normal ADAMTS13 activity provides addi-
tional evidence against the diagnosis of TTP. 
With rare exceptions, patients with TTP have a 
severe deficiency of ADAMTS13 activity (typically 
<10%). The documentation of quinine-dependent 
antibodies supports the identification of quinine 
as the cause of the patient’s TMA. Quinine-depen-
dent antibodies are harmless unless quinine is 
present. The platelet count returned to normal 
once quinine was cleared from the plasma. How-
ever, recovery of kidney function after TMA-induced 
ischemia is often incomplete.

Several years after this episode, as a result of in-
creased awareness of complement-mediated TMA, 
the patient was tested for complement gene ab-
normalities that could have caused her to be vul-
nerable to severe kidney injury. No mutations were 
identified in CFH, CFI, MCP, CFB, THBD, C3, or 
the CFHR region, a gene cluster of five highly ho-
mologous genes related to complement factor H.

At a recent follow-up visit (7 years after this 
illness), the patient reported that since the time of 
the illness she often cannot think of particular 
words during conversations and has to stop in the 
middle of her sentences to “wait for my brain to 
catch up.” Neuropsychological testing revealed 
minor abnormalities. In spite of these issues, the 
patient has remained able to fulfill her family re-
sponsibilities and continues to be effective in her 

career as the director of marketing for a small 
business. On examination, the blood pressure was 
132/87 mm Hg (she is currently taking two anti-
hypertensive agents); her estimated glomerular 
filtration rate was 47 ml per minute per 1.73 m2 of 
body-surface area, which is consistent with stage 
3 chronic kidney disease. She is very careful to 
avoid any exposure to quinine.

Commen ta r y

Quinine, which is the active component of bark 
from the cinchona tree, was the first effective 
treatment for malaria 400 years ago. It remains 
a common and effective treatment for malaria.1 
For centuries, quinine has also been used to treat 
minor ailments, such as leg cramps. During the 
past 20 years, however, the FDA has issued warn-
ings regarding life-threatening hematologic re-
actions to quinine, including thrombocytopenia 
and TMA (described as either HUS or TTP). Qui-
nine is currently approved by the FDA for the 
treatment of malaria only.2 Purchasing quinine 
tablets requires a prescription in the United States, 
but the tablets remain available without a pre-
scription in other countries, including Canada.3 
Beverages that contain quinine are available ev-
erywhere.

Quinine can cause diverse and severe immune-
mediated systemic reactions.3 A systematic review 
of adverse reactions to quinine identified 77 pa-
tients with severe, systemic, immune-mediated 
reactions that were attributed to quinine, as de-
termined by the recurrence of acute episodes 
with repeated quinine exposure, the presence 
of quinine-dependent antibodies, or both.3 In 
13 of the patients, the source of exposure was 
tonic water or another beverage that contained 
quinine. Thirty of the patients had TMA; other 
reactions included neutropenia, disseminated 
intravascular coagulation, hepatotoxicity, chills, 
fever, hypotension, and rhabdomyolysis.3 A sys-
tematic review of all reported cases of drug-
induced, immune-mediated TMA showed that 
quinine was the most common cause of this 
condition.4

Quinine-dependent antibodies may be derived 
from naturally occurring antibodies that react 
weakly with autologous proteins. The amphipa-
thic properties of quinine allow it to become in-
tegrated into the complementarity-determining 
regions of the naturally occurring antibodies, 
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creating a hybrid paratope that causes increases 
of more than 10,000 times in binding affinity to 
cell-surface antigens (Fig. 1).5,6 The diversity of 
disorders caused by quinine3 may be related to the 

diversity of tissue antigens with which quinine-
dependent antibodies can react.

Among all patients enrolled in the Oklahoma 
TTP–HUS Registry — an inception cohort com-

Figure 1. Mechanism for Quinine-Dependent Binding of Antibodies to Cell-Surface Antigens.

Certain persons may have naturally occurring antibodies that react very weakly with antigens on autologous cells. Drugs can bind to the 
complementarity-determining regions (CDR) of these antibodies, remodeling their structure and increasing, by more than 10,000 times, 
their binding affinity to the antigenic epitopes. Drug-binding to the antibody is reversible; therefore, when testing for drug-dependent 
antibodies is performed, an excess of soluble drug is required to prevent dissociation of the drug from the antibody and to prevent re-
versal of the CDR structural change. In patients with drug-induced, immune-mediated disorders, the drug dissociates from the antibod-
ies when it is cleared from the plasma. The drug-induced immune reaction then stops, since the naturally occurring antibodies again 
react only weakly with the antigens. However, these antibodies persist for many years, which allows reactions to recur immediately on 
reexposure to the drug. The description of this process is derived from studies involving the binding of quinine-dependent antibodies 
to the platelet surface glycoprotein (GP) IIb/IIIa.5,6 We assume that this mechanism for drug-dependent antibody binding also involves 
vascular endothelial cells and other tissues. The physiological response to antigen–antibody binding then provokes cell injury and 
thrombotic microangiopathy.
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prising all patients within a defined geographic 
region (population, 2.5 million) for whom plasma 
exchange is requested for the treatment of TTP 
or HUS — 19 patients had a diagnosis of quinine-
induced TMA, as determined by recurrent acute 
symptoms with repeated quinine exposure, the 
presence of quinine-dependent antibodies, or both, 
between 1995 and 2015.7 For comparison, dur-
ing the same years, the registry enrolled 78 pa-
tients who had had an initial episode of acquired 
TTP, as determined by ADAMTS13 activity of less 
than 10%, and one family with three daughters 
who have hereditary TTP.

Quinine-induced TMA may be suspected when 
systemic symptoms, microangiopathic hemolytic 
anemia, thrombocytopenia, and acute kidney in-
jury occur suddenly after exposure to quinine, 
either in pill form or in a beverage. Toxic effects 
of drugs, such as those caused by the intravenous 
abuse of oxymorphone (Opana-ER),8 can also 
cause TMA with acute and severe kidney injury. 
The presenting clinical features of patients with 
complement-mediated TMA are similar to those 
of patients with quinine-induced TMA, although 
the onset of the symptoms in the case of the 
former condition is typically not as sudden as 
the onset of symptoms with the latter condi-
tion.9,10 Complement-mediated TMA may occur 
even when genetic testing does not identify a 
complement gene abnormality.9 Although the 
diagnosis of complement-mediated TMA implies 
that other causes of TMA have been ruled out, 
complement activation may contribute to the 
development of TMA in patients with other dis-
orders.

There are several ways in which complement 
activation may be amplified in the presence of 
quinine-dependent antibodies: First, complement 
activation may occur from the interaction of 
complement with immune complexes that result 
from quinine-dependent antibodies binding to 
antigens on multiple cell types. Second, ischemic 
endothelial-cell apoptosis resulting from micro-
vascular thrombosis may cause the loss of com-
plement regulatory proteins, such as complement 
factor H.11 Third, depletion of nitric oxide and 

platelet activation in TMA may lead to increased 
expression of soluble P-selectin and activation of 
complement.12 Fourth, microvascular thrombo-
sis stimulates fibrinolysis and plasmin genera-
tion; plasmin may act as a C5 convertase, initi-
ating activation of the alternative complement 
pathway.13

What if this patient were seen today, rather 
than in 2009? Could the chronic kidney disease, 
hypertension, and minor cognitive impairment 
be prevented? Our experience with the Oklahoma 
TTP–HUS Registry indicates that chronic kidney 
disease commonly occurs after quinine-induced 
TMA (unpublished data). Data on cognitive im-
pairment after quinine-induced TMA are lack-
ing, but cognitive impairment after recovery from 
TTP is common.14 Consideration that comple-
ment activation may play a role in this patient’s 
illness leads to consideration that the illness 
could be treated with eculizumab. In patients 
with complement-mediated TMA, eculizumab can 
prevent chronic kidney disease, and earlier ini-
tiation of treatment is associated with greater 
recovery of kidney function.15 However, data re-
garding the role complement plays in patients 
with quinine-induced TMA and regarding the 
use of eculizumab to treat this condition are 
lacking. This use of eculizumab does not com-
pletely conform to the FDA-approved indication. 
In addition, the cost of eculizumab is high: the 
current average wholesale price for the first four 
weekly doses of 900 mg per week is more than 
$90,000.16 The key aspect of managing this con-
dition is avoiding further exposure to quinine, 
as this patient has done.

The most important lesson to be learned from 
this case is that recognizing that a severe sys-
temic illness may be caused by a drug is critical 
to preventing recurrent illness. Failure to recog-
nize a drug-induced cause may be common and 
can be tragic.
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