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OVERVIEW

Introduction

Minocycline is a tetracycline antibiotic with excellent absorption and tissue penetration that is used for several
bacterial infections as well as treatment of acne. Minocycline can cause both an acute hepatitis-like syndrome
occurring within 1 to 3 months of starting therapy or a more insidious chronic hepatitis with autoimmune
features typically after long term treatment.

Background

Minocycline (min" oh sye' kleen) is a semisynthetic derivative of tetracycline that has excellent oral absorption
and wide tissue penetration. Like other tetracyclines, minocycline is believed to act by binding to bacterial
ribosomes and inhibiting protein synthesis. Minocycline has a broad spectrum of activity against both gram
positive and gram negative organisms. Minocycline was approved for use in the United States in 1971 and it
continues in wide use with several million prescriptions being filled yearly. Current indications are for therapy of
susceptible infections, including gonorrhea, syphilis, non-gonococcal urethritis, Chlamydial infections, cholera,
leprosy, and the meningococcal carrier state. Perhaps the major use of minocycline is chronic use for treatment
of acne and suppression of staphylococcal bacterial flora that contribute to it. Minocycline is available in
multiple generic forms as capsules or tablets of 50, 75 or 100 mg. For acute infections, minocycline is
recommended in doses of 100 mg every 12 hours for 5 to 15 days, often after an initial loading dose of 200 mg.
For therapy of acne, doses of 50 mg once to three times daily are recommended. Minocycline is also available in
extended release formulations for daily dosing and as a solution or powder for intravenous use. Commercial
names of minocycline include Minocin, Dynacin, Myrac, and Apo-, Novo- and PMS-Minocycline. Common
side effects include nausea, diarrhea, gastrointestinal upset, headache, dizziness, visual blurring, skin rash and
hypersensitivity reactions.

Hepatotoxicity

Minocycline therapy is associated with two forms of clinically apparent liver injury, an acute hepatitis-like
syndrome that arises within 1 to 3 months of starting therapy and a chronic hepatitis-like syndrome typically
with autoimmune features that occurs with long term therapy, sometimes after several years of use. There is
some overlap between these two presentations of minocycline hepatotoxicity, both are associated with a
hepatocellular pattern of serum enzyme elevations and both can be associated with autoantibodies and
immunological features.

Minocycline has been linked to cases of an acute hepatitis with jaundice that typically arises within a few weeks
or months of starting therapy. The enzyme elevations are typically hepatocellular and resemble acute viral
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hepatitis. Immunoallergic features are common and may be prominent with fever, rash and eosinophilia and
some cases with facial edema, lymphoadenopathy and lymphocytosis that may resemble acute mononucleosis.
The liver injury is usually self limited with complete resolution within 1 to 2 months of stopping. Some patients
have autoimmune markers and these also improve upon stopping minocycline.

Minocycline has also been linked to cases of chronic hepatitis with or without jaundice that typically arise
during long term therapy, sometimes after years of use. The most common presentation is with an autoimmune
hepatitis-like syndrome that can be severe and even fatal, particularly if minocycline is not stopped promptly.
Patients can present acutely with jaundice and fatigue or chronically with insidious onset of fatigue, joint aches
and jaundice, usually after 6 months to many years of therapy. A hepatocellular pattern of enzyme elevations is
typical with ALT levels ranging from 3- to 20-fold elevated depending upon the severity and duration of the
injury. Autoantibodies are usually present, typically antinuclear antibody (ANA) at titers of >1:160. In some
cases, ANA may initially be negative, arising later as the disease progresses or starts to improve.
Immunoglobulins are also usually elevated and liver biopsy demonstrates changes typical of autoimmune
hepatitis with active interface hepatitis, spotty eosinophilic necrosis and portal infiltrates rich in lymphocytes
and plasma cells. Fibrosis is uncommon, but can occur, particularly if the disease is prolonged and minocycline
continued in the face of hepatic injury. The condition will resolve spontaneously if minocycline is withdrawn,
but corticosteroids are often used. In long term follow up after stopping minocycline, chronic injury is rare, if it
occurs at all and generally all symptoms and laboratory test abnormalities resolve within 6 to 12 months of
stopping, although patients may continue to have low titers of ANA.

Other immunologically mediated syndromes associated with minocycline use include a serum sickness like
syndrome (generally within 3 to 12 weeks of starting), a lupus-like syndrome and hemolytic anemia (the latter
two with chronic therapy). Liver injury can accompany these other autoimmune conditions, but is generally
anicteric, mild and rapidly reversible. The pattern of serum enzyme elevations is typically hepatocellular and
autoantibodies are common.

Likelihood score: A (well known cause of clinically apparent liver injury).

Mechanism of Injury

The cause of the liver injury associated with minocycline use is probably immunological, mediated by
autoimmune reactions against liver cells or minocycline adducts present in the liver. Patients with minocycline
induced liver injury have been reported to have an increased frequency of the rare HLA alelle B*35:02, but most
cases lack this allele and clinical features are not different in those with or without the HLA association.

Outcome and Management

The acute liver injury attributed to minocycline is usually self-limited in course, although fatal examples have
been reported. In addition, the autoimmune hepatitis like syndrome caused by minocycline can be severe, and
fatal outcomes have been described. Most cases, however, resolve slowly with withdrawal of the agent.
Corticosteroids are often used to treat minocycline induced liver injury, largely because it resembles spontaneous
autoimmune hepatitis and responds rapidly to immunosuppressive therapy. The effectiveness of corticosteroids
in speeding or insuring recovery from minocycline induced autoimmune hepatitis has not been proven, but
anecdotal cases suggest a fairly dramatic effect. If corticosteroids are used, the dose should be rapidly reduced
and the medication should be discontinued within 3 to 6 months. Furthermore, patients should be followed
carefully after withdrawal of corticosteriods. Recurrence of hepatitis after withdrawal should suggest that the
autoimmune hepatitis was unrelated to the minocycline or that the minocycline brought out the autoimmune
diathesis that is self-sustaining. Autoimmune hepatitis not caused by medications usually requires long term if
not life long immunosuppressive therapy. There is no information about possible cross sensitivity to hepatic
injury among the various tetracyclines. Interestingly, doxycycline which resembles minocycline structurally, has
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been associated with a short latency acute cholestatic or mixed hepatitis with immunoallergic features, but has
not been associated definitively with the longer latency autoimmune hepatitis-like syndrome.

Drug Class: Antiinfective Agents, Tetracyclines

CASE REPORTS

Case 1. Chronic hepatitis with autoimmune features caused by
minocycline.

[Modified from a case in the database of the Drug-Induced Liver Injury Network]

A 20 year old woman had been taking minocycline for acne for one and a half years when she developed joint
pains in the hands, wrists, hips and ankles. She stopped minocycline and began to feel better, but was found to
have markedly elevated serum enzymes on routine evaluation of the joint symptoms a few weeks later. She
denied significant past medical history and had no risk factors for viral hepatitis. She took no other medications
except oral contraceptives and did not drink alcohol regularly. Initially, serum ALT and AST were 15- to 20-fold
elevated, but alkaline phosphatase and serum bilirubin were normal. Tests for hepatitis A, B, and C and for
infectious mononucleosis were negative. Autoantibody testing showed a positive antinuclear antibody (1:160),
but negative tests for smooth muscle and liver-kidney microsomal antibodies. Serum globulins were elevated as
was IgG (1960 mg/dL, normal <1520). Ceruloplasmin was low normal. An ultrasound of the abdomen showed
normal gallbladder and no enlargement of bile ducts. A liver biopsy showed changes suggestive of autoimmune
hepatitis with marked interface hepatitis, portal inflammation with lymphocytes and plasma cells, but no
fibrosis. She was started on prednisone and laboratory test abnormalities improved rapidly.

Key Points

Medication: Minocycline (100 mg daily)

Pattern: Hepatocellular (elevations in ALT only)
Severity: 1+ (no jaundice)

Latency: 1.5 years

Recovery: 8 months on prednisone

Other medications: Oral contraceptives, rare use of ibuprofen

Laboratory Values

Time After Starting Time After Stopping ALT (U/L) Alk P (U/L) Bilirubin (mg/dL) Other

1.5 years 1 month 607 87 0.2
1.5 months 965 86 0.4
2.2 years 9 months 216 88 0.3 Biopsy
10 months 135 90 0.4 Prednisone started
11 months 41 55 0.3
2.5 years 12 months 27 y 0.3
15 months 55 57 . Prednisone stopped
3 years 18 months 45 62 0.3
4 years 30 months 23 Normal

Normal Values <35 <130 <1.2
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Comment

The major symptoms were arthralgias, suggesting that the reaction to minocycline therapy was a lupus-like
syndrome. These symptoms, however, abated and the patient was found to have a fairly significant anicteric
hepatitis which was slow to resolve. Ultimately, a liver biopsy was done that suggested autoimmune hepatitis.
Thereupon, prednisone was started with prompt improvement in serum aminotransferase levels. The dose of
prednisone was gradually decreased and stopped within 6 months. She had no further symptoms, but serum
ALT levels were mildly abnormal.

Case 2. Severe acute hepatitis with autoimmune features caused by
minocycline.

[Modified from a case in the database of the Drug-Induced Liver Injury Network]

A 21 year old man was started on minocycline for acne and two months later developed fatigue, dark urine and
weight loss and stopped therapy. A week later, he was admitted to the hospital because of jaundice. He denied a
previous history of liver disease or risk factors for viral hepatitis. He drank alcohol rarely. Serum bilirubin was
elevated as were serum aminotransferase levels. Tests for hepatitis A, B, and C and for infectious mononucleosis
were negative. Autoantibody testing showed a positive antinuclear antibody (1:1280), but negative tests for
smooth muscle and liver-kidney microsomal antibodies. A liver biopsy was done which showed changes
suggestive of autoimmune hepatitis with marked activity. He was started on prednisone and rapidly improved.
Therapy was gradually reduced and then discontinued several months later, without relapse of symptoms or
recurrence of laboratory abnormalities.

Key Points

Medication: Minocycline (100 mg daily for 9 weeks)
Pattern: Hepatocellular (elevations in ALT only)
Severity: 3+ (jaundice and hospitalization)
Latency: 8 weeks

Recovery: 2 months on prednisone

Other medications: None

Laboratory Values

Time After Starting Time After Stopping ALT (U/L) Alk P (U/L) Bilirubin (mg/dL) Other

10 weeks 1 week 1343 783 5.7

11 weeks 2 weeks 1649 638 4.8 Liver biopsy
Prednisone (60 mg daily) started

14 weeks 5 weeks 83 145 1.1

Normal Values <35 <130 <1.2
Comment

Minocycline can cause either an acute or a chronic hepatitis, but both are characterized by a hepatocellular
pattern of serum enzyme elevations, the presence of autoantibodies and a liver biopsy showing changes typical of
autoimmune hepatitis. Spontaneous recovery with stopping minocycline is the rule, but recovery can be
prolonged, and prednisone therapy may speed the process. Whether prednisone actually improves ultimate
outcome has not been proven. Nevertheless, both drug induced and spontaneous autoimmune hepatitis can be
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severe and even fatal, and prednisone therapy may provide rapid relief. Most important, however, is to limit the
dose and duration of therapy, carefully monitoring patients after stopping for evidence of recurrence.

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Minocycline - Generic, Dynacin®, Minocin®

DRUG CLASS

Antiinfective Agents

COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH

CHEMICAL FORMULAS AND STRUCTURES

DRUG CAS MOLECULAR STRUCTURE
REGISTRY FORMULA
NO

Minocycline 13614-98-7 C23-H27-N3-07.CI-H

Hydrochloride
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Table continued from previous page.

DRUG CAS MOLECULAR STRUCTURE
REGISTRY FORMULA
NO

Doxycycline 17086-28-1 C22-H24-N2-08.H2-

Monohydrate 0
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eosinophilia after minocycline therapy for acne. Arch Intern Med 1994; 154: 1983-4. PubMed PMID:
8074603.

(35 year old woman developed fever, rash and eosinophilia 3 weeks after starting minocycline for acne with normal
ALT, AST and bilirubin and resolution in ~10 days of stopping, indicating a serum sickness-like syndrome
without hepatitis).

Friis H, Andreasen PB. Drug-induced hepatic injury: an analysis of 1100 cases reported to the Danish
Committee on Adverse Drug Reactions between 1978 and 1987. ] Intern Med 1992; 232: 133-8. PubMed
PMID: 1506809.

(Adverse drug reaction reports between 1978 and 1987 in Denmark; no tetracycline is mentioned as a cause).

Gordon PM, White MI, Herriot R, Martin JC, Reid DM. Minocycline-associated lupus erythematosus. Brit |
Dermatol 1995; 132: 120-1. PubMed PMID: 7756122.

(15 year old girl developed arthraglias and lupus-like syndrome after 2 years minocycline therapy of acne; liver tests
were normal, ANA 1:640, resolved with stopping).

Castex E, Canva-Delcambre V, Maunoury V, Talbodec N, Wolchies E, Paris JC. [Acute hepatitis induced by
minocycline] Gastroenterol Clin Biol 1995; 19: 640-1. French. PubMed PMID: 7590035.

(30 year old woman developed jaundice 8 days after starting minocycline [bilirubin 2.0 mg/dL, ALT 23 times ULN,
Alk P normal, ANA negative], with resolution of liver test abnormalities within 1 month of stopping).
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Gough A, Chapman S, Wagstaff K, Emery P, Elias E. Minocycline induced autoimmune hepatitis and systemic
lupus erythematosus-like syndrome. BMJ 1996; 312: 169-72. PubMed PMID: 8563540.

(Brief report of 4 cases of jaundice developing during long term minocycline therapy and review of 16 cases reported
to British Committee on Safety of Medicines; no specific laboratory results provided).

Pillans PI. Drug associated hepatic reactions in New Zealand: 21 years’ experience. N Z Med ] 1996; 109: 315-9.
PubMed PMID: 8816722.

(Adverse drug reaction reports identified 943 liver injuries over 21 years in New Zealand; triacetyloleandomycin
accounted for 21 cases [2.1%] and minocycline for at least 4).

Goulden V, Glass D, Cunliffe WJ. Safety of long-term high-dose minocycline in the treatment of acne. Brit J
Dermatol 1996; 134: 693-5. PubMed PMID: 8733373.

(Prospective study of safety of 100-200 mg minocycline given daily for average of 10 months, 200 of 700 patients
who had liver tests done, there were“no significant abnormalities”).

Knowles SR, Shapiro L, Shear NH. Serious adverse reactions induced by minocycline. Report of 13 patients and
review of the literature. Arch Dermatol 1996; 132: 934-9. PubMed PMID: 8712844.

(15 cases with adverse reactions to minocycline; one with Stevens-Johnson syndrome and acute liver failure arising
within 29 days of starting minocycline, necessitating liver transplantation).

Malcolm A, Heap TR, Eckstein RP, Lunzer MR. Minocycline-induced liver injury. Am J Gastroenterol 1996; 91:
1641-3. PubMed PMID: 8759678.

(3 men and 3 women, ages 15-48, treated with minocycline for 4 weeks to 2 years developed liver injury [peak ALT
257 to 3824 U/L, 3 ANA positive, 3 with jaundice, most had mild eosinophilia], liver biopsy showed chronic
hepatitis in 2, all recovered completely, two with corticosteroid therapy).

Tham SN, Kwok YK, Chan HL. Cross-reactivity in fixed drug eruptions to tetracyclines. Arch Dermatol 1996;
132: 1134-5. PubMed PMID: 8795565.

(Among 9 Chinese patients with a fixed drug eruption due to tetracycline, all had recurrence on doxycycline and 3
on minocycline; no mention of liver involvement).

MacNeil M, Haase DA, Tremaine R, Marrie TJ. Fever, lymphadenopathy, eosinophilia, lymphocytosis, hepatitis,
and dermatitis: a severe adverse reaction to minocycline. ] Am Acad Dermatol 1997; 36 (2 Pt 2): 347-50.
PubMed PMID: 9039216.

(17 year old girl developed fever, lymphadenopathy, severe rash and mild hepatitis 3 weeks after starting
minocycline for acne [bilirubin 2.3 mg/dL, ALT 134 U/L, Alk P 309 U/L, ANA negative] required corticosteroid
therapy, but ultimately resolved).

Herzog D, Hajoui O, Russo P, Alvarez E Study of immune reactivity of minocycline-induced chronic active
hepatitis. Dig Dis Sci 1997; 42: 1100-3. PubMed PMID: 9149070.

(16 year old girl developed arthralgias and anicteric hepatitis after 18 months of therapy with minocycline for acne
[bilirubin evidently normal, ALT 392 U/L, Alk P normal, ANA 1:1280], resolved upon stopping; found serum
antibodies to 90 kD and 50 kD fractions of HepG2 cells, possibly P-450 proteins).

Bjornsson E, Lindberg ], Olsson R. Liver reactions to oral low-dose tetracyclines. Scand ] Gastroenterol 1997; 32:
390-5. Review. PubMed PMID: 9140164.

(32 year old man developed abdominal pain, dark urine and rash within 24 hours of starting doxycycline which he
had received in the past [bilirubin 4.3- 8.1 mg/dL, ALT 3.5 times ULN, Alk P 1.1 times ULN], resolving within 3
months of stopping; thorough review of all published and SADRAC reported cases of oral tetracycline associated
liver injury found 15 cases, only 6 rated as likely, none with tetracycline, 5 doxycycline, 1 lymecycline).
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Bruguera M, Padroés J. [Acute hepatitis associated with treatment with minocycline] Med Clin (Barc). 1997; 108:
596. PubMed PMID: 9280793.

(18 year old woman found to have enzyme elevations without symptoms or jaundice 1 month after starting
minocycline [bilirubin normal, ALT 283, Alk P normal, ANA negative], resolving within 2-3 months of
stopping).

Crosson J, Stillman MT. Minocycline-related lupus erythematosus with associated liver disease. ] Am Acad
Dermatol 1997; 36 (5 Pt 2): 867-8. PubMed PMID: 9146570.

(22 year old woman developed arthralgias 2 years after starting minocycline therapy for acne [bilirubin 0.9 mgdL,
ALT 292 U/L, Alk P 64 U/L, ANA 1:80], symptoms resolving rapidly upon stopping, but recurring abruptly after
a single tablet, and serum ALT remained elevated for another 2 months before resolving).

Golstein PE, Deviere ], Cremer M. Acute hepatitis and drug-related lupus induced by minocycline treatment.
Am J Gastroenterol 1997; 92: 143-6. PubMed PMID: 8995955.

(19 year old man developed fatigue, weight loss, arthralgias and liver test abnormalities after 20 months of therapy
with minocycline for acne [bilirubin normal, ALT 374 U/L, Alk P normal, ANA 1:640, IgG 2280 mg/dL],
resolving upon stopping, but ANA persisted in high titer [1:1280 9 months later]).

Hoefnagel JJ, van Leeuwen RL, Mattie H, Bastiaens MT. [Side effects of minocycline in the treatment of acne
vulgaris] Ned Tijdschr Geneeskd 1997; 141: 1424-7. Dutch. PubMed PMID: 9542866.

(Editorial on association of minocycline with lupus, autoimmune hepatitis, vasculitis and serum sickness-like
syndromes).

Shapiro LE, Knowles SR, Shear NH. Comparative safety of tetracycline, minocycline, and doxycycline. Arch
Dermatol 1997; 133: 1224-30. PubMed PMID: 9382560.

(Review of toxicity of tetracyclines from literature and a Canadian database; minocycline had the highest rates of
adverse events, but all were relatively safe: no lupus-like syndrome associated with doxycycline or tetracycline).

Angulo JM, Sigal LH, Espinoza LR. Coexistent minocycline-induced systemic lupus erythematosus and
autoimmune hepatitis. Semin Arthritis Rheum 1998; 28: 187-92. PubMed PMID: 9872479.

(22 year old woman with arthralgias and jaundice after 1 year of minocycline therapy for acne [bilirubin 3.2
mg/dL, ALT 916 U/L, Alk P 204 U/L, ANA 1:640], resolving upon stopping, but arthralgias required prednisone
for 18 months).

Bhat G, Jordan ] Jr, Sokalski S, Bajaj V, Marshall R, Berkelhammer C. Minocycline-induced hepatitis with
autoimmune features and neutropenia. ] Clin Gastroenterol 1998; 27: 74-5. PubMed PMID: 9706776.

(18 year old man developed hepatitis after 2 years of intermittent therapy with minocycline [bilirubin 4.8 mg/dL,
ALT 1270 U/L, Alk P 117 U/L, ANA 1:1280], rapid response to prednisone and no relapse when stopped).

Matteson EL, Johnson BW, Maher JD. Arthralgias, myalgias, and autoimmune hepatitis with minocycline
therapy. ] Rheumatol 1998; 25: 1653-4. PubMed PMID: 9712119.

(20 year old man developed fever and arthralgias after taking minocycline for 5 years for acne [no mention of
bilirubin or jaundice, ALT 307 U/L, ANA 1:5280], full recovery 4 weeks after stopping).

Pavese P, Sarrot-Reynauld F, Bonadona A, Massot C. [Immunoallergic reaction with hepatitis induced by

minocycline] Ann Med Interne (Paris) 1998; 149: 521-3. French. PubMed PMID: 10021906.

(19 year old woman developed lupus-like syndrome and hepatitis after 2 years of minocycline therapy, resolving
within 2 months of stopping).
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Teitelbaum JE, Perez-Atayde AR, Cohen M, Bousvaros A, Jonas MM. Minocycline-related autoimmune
hepatitis: case series and literature review. Arch Pediatr Adolesc Med 1998; 152: 1132-6. PubMed PMID:
9811293.

(3 case reports of chronic autoimmune-like hepatitis in 15-16 year olds, arising 1-1.5 years after starting
minocycline for acne [bilirubin normal to 26 mg/dL, ALT 363, 988 and 904 U/L, Alk P normal, all with ANA
and high IgG], resolving in 2 to 9 months, 2 treated with prednisone; literature review).

Angulo JM, Sigal LH, Espinoza LR. Minocycline induced lupus and autoimmune hepatitis. ] Rheumatol 1999;
26: 1420-1. PubMed PMID: 10381074.

(22 year old woman had sudden onset of arthralgias and then jaundice after a year of minocycline for acne
[bilirubin 3.2 mg/dL, ALT 916 U/L, Alk P 204 U/L, ANA 1:2560], biopsy showing chronic hepatitis, resolving
rapidly upon stopping, but arthralgias required long term prednisone).

Dadamessi I, Leduc I, Duché A, et al. [Autoimmune hepatitis and lupus syndrome associated with minocycline]
Rev Med Interne 1999; 20: 930-3. French. PubMed PMID: 10573731.

(25 year old woman had two episodes of ALT elevations [peak 266 and 256 U/L, ANA 1:140 and 1:320] arising
during minocycline therapy [first asymptomatic, second with arthralgias], resolving each time with
discontinuation).

Elkayam O, Yaron M, Caspi D. Minocycline-induced autoimmune syndromes: an overview. Semin Arthritis
Rheum 1999; 28: 392-7. PubMed PMID: 10406406.

(Systematic review of literature on autoimmune syndromes from minocycline, 4 patterns: serum sickness, lupus-like
syndrome, autoimmune hepatitis and vasculitis; usually presenting after 1-20 years, ANA common but so is
PANCA, features may overlap, hepatitis most common: 66 cases reported).

Westermann GW, Bohm M, Bonsmann G, Rahn KH, Kisters K. Chronic intoxication by doxycycline use for
more than 12 years. ] Intern Med 1999; 246: 591-2. PubMed PMID: 10620103.

(38 year old man took large doses of doxycycline chronically and developed repeated bouts of mild jaundice
[bilirubin 3.4-5.0 mg/dL, ALT 44-118 U/L, Alk P 466 U/L] and weakness, skin discoloration and heart block,
resolving upon stopping).

Sturkenboom MC, Meier CR, Jick H, Stricker BH. Minocycline and lupuslike syndrome in acne patients. Arch
Intern Med 1999; 159: 493-7. PubMed PMID: 10074958.

(Case control study in 27,688 acne patients in UK database, risk of lupus increased 8.5 fold in minocycline treated
patients, not with other tetracyclines, typically long term therapy; liver involvement not mentioned; more
common in women, absolute risk low).

Colmegna I, Perandones CE, Chaves JG. Minocycline induced lupus and autoimmune hepatitis. ] Rheumatol
2000; 27: 1567-8. PubMed PMID: 10852297.

(22 year old woman developed fever and polyarthralgias after 40 days of 9th course of minocycline for acne
[bilirubin 4.9 mg/dL, ALT 1300 U/L and ESR 100], resolving rapidly but with prolonged rheumatological
complaints requiring prednisone long term: ANA negative).

Goldstein NS, Bayati N, Silverman AL, Gordon SC. Minocycline as a cause of drug-induced autoimmune
hepatitis. Report of four cases and comparison with autoimmune hepatitis. Am J Clin Pathol 2000; 114:
591-8. PubMed PMID: 11026106.

(Four cases of minocycline hepatitis and comparison to 10 spontaneous autoimmune hepatitis cases showed no
distinguishing features except resolution with stopping drug; 16-52 year old women developed liver injury 4
months to 12 years after starting minocycline [bilirubin 0.4, 1.2, 6.5 and 7.3 mg/dL, ALT 137, 343, 700, and
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1288 U/L, Alk P 49, 83, 138 and 253 U/L, all ANA positive], histology showed fibrosis in 2, all responded to
prednisone with resolution persisting after stopping corticosteroids).

Lawrenson RA, Seaman HE, Sundstrom A, Williams TJ, Farmer RD. Liver damage associated with minocycline
use in acne: a systematic review of the published literature and pharmacovigilance data. Drug Saf 2000; 23:
333-49. PubMed PMID: 11051220.

(Systematic review of cases of liver injury from minocycline in patients with acne defining two patterns — acute and
chronic with different latencies, associated findings and potential outcomes).

Pohle T, Menzel ], Domschke W. Minocycline and fulminant hepatic failure necessitating liver transplantation.
Am J Gastroenterol 2000; 95: 560-1. PubMed PMID: 10685779.

(20 year old woman given minocycline for 3 years for acne developed autoimmune hepatitis, but did not stop
minocycline and progressed to hepatic failure and need for transplant 2 months later [bilirubin 11.7 rising to
25.4 mg/dL, ALT 199 U/L, GGT 34 U/L, ANA positive, IgG 2220 mg/dL]).

Tomer G, Shneider BL. Minocycline-induced hepatitis. ] Pediatr Gastroenterol Nutr 2000; 30: 105-6. PubMed
PMID: 10630451.

(Editorial on minocycline and liver injury in children).

Bachmeyer C, Cadranel JE Minocycline-induced lupus and autoimmune hepatitis: family autoimmune
disorders as possible risk factors. Dermatology 2002; 205: 185-6. PubMed PMID: 12218241.

(15 year old girl treated for 3 years with minocycline for acne developed polyarthritis, but no jaundice [bilirubin
normal, ALT 4 times ULN, Alk P normal, anti-DNA positive, ANA 1:1280], resolving slowly upon stopping with
all tests normal at 6 months, except ANA which was still 1:320 12 months later).

Abe M, Furukawa S, Takayama S, Michitaka K, Minami H, Yamamoto, Horiike N, et al. Drug-induced hepatitis

with autoimmune features during minocycline therapy. Intern Med 2003; 42: 48-52. PubMed PMID:
12583618.

(25 year old Japanese woman developed jaundice after 1 year of minocycline therapy for acne [bilirubin 23.7
mg/dL, ALT 2074 U/L, Alk P 138 U/L, IgG 2110 mg/dL, ANA 1:160], resolving with 3 month course of
prednisone, no relapse with stopping).

Real Martinez Y, Medina S. [Acute hepatitis and minocycline] Rev Esp Enferm Dig 2003; 95: 741-2. Spanish.
PubMed PMID: 14588070.

(14 year old boy developed jaundice after 5 months of minocycline therapy for acne [bilirubin 5.1 mg/dL, ALT 2376
U/L, GGT 83 U/L, IgG 1734 mg/dL, ANA negative, SMA 1:320], treated with corticosteroids for 5 months and
no relapse when stopped).

Selimoglu MA, Ertekin V. Autoimmune hepatitis triggered by Brucella infection or doxycycline or both. Int J
Clin Pract 2003; 57: 639-41. PubMed PMID: 14529072.

(11 year old girl was found to have abnormal liver tests 3 weeks after finishing a 6 week course of doxycycline for
acute brucellosis [bilirubin 1.2 mg/dL, ALT 222 U/L, Alk P 561 U/L, ANA negative, HLA B8 DRB1*03], a liver
biopsy showing inflammation, necrosis and bridging fibrosis, improving on prednisone therapy, relapsing on
stopping and ultimately requiring long term azathioprine therapy).

Russo MW, Galanko JA, Shrestha R, Fried MW, Watkins P. Liver transplantation for acute liver failure from
drug-induced liver injury in the United States. Liver Transpl 2004; 10: 1018-23. PubMed PMID: 15390328.

(Among ~50,000 liver transplants done in the US between 1990 and 2002, 270 [0.5%] were done for drug induced
acute liver failure, none of which were attributed to minocycline, doxycycline or tetracycline).
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Bjornsson E, Jerlstad P, Bergqvist A, Olsson R. Fulminant drug-induced hepatic failure leading to death or liver
transplantation in Sweden. Scand ] Gastroenterol 2005; 40: 1095-1101. PubMed PMID: 16165719.

(Among 103 cases of fulminant drug induced liver injury reported to a Swedish registry between 1966 and 2002,
one case was attributed to doxycycline, but no other tetracycline mentioned).

Andrade R]J, Lucena MI, Fernandez MC, Pelaez G, Pachkoria K, Garcia-Ruiz E, Garcia-Munoz B, et al. Drug-
induced liver injury: an analysis of 461 incidences submitted to the Spanish Registry over a 10-year period.
Gastroenterology 2005; 129: 512-21. PubMed PMID: 16083708.

(Reports to a Spanish network found 461 cases of drug induced liver disease; no tetracycline was listed among the
top 20 agents implicated [at least 5 cases]).

Smith K, Leyden J]J. Safety of doxycycline and minocycline: a systematic review. Clin Ther 2005; 27: 1329-42.
PubMed PMID: 16291409.

(Systematic review of overall safety of doxycycline and minocycline stressing overall low rate of adverse events
[13-72 per million prescriptions]; little mention of liver toxicity).

Galan MV, Potts JA, Silverman AL, Gordon SC. The burden of acute nonfulminant drug-induced hepatitis in a
United States tertiary referral center. ] Clin Gastroenterol 2005; 39: 64-7. PubMed PMID: 15599214.

(Ten year experience of 96 patients with acute liver injury, 64 were due to viral hepatitis and 32 to drugs;
minocycline accounted for 4 cases and ranked second in frequency [7 from amiodarone and 4 from amoxicillin/
clavulanate]).

Chamberlain MC, Schwarzenberg SJ, Akin EU, Kurth MH. Minocycline-induced autoimmune hepatitis with
subsequent cirrhosis. ] Pediatr Gastroenterol Nutr 2006; 42: 232-5. PubMed PMID: 16456421.

(15 year old boy developed signs of cirrhosis after 1 year of minocycline therapy [bilirubin 2.5 mg/dL, ALT 67-83
U/L, Alk P normal, ANA 1:40, anti-DNA positive], treated with 6-mercaptopurine and prednisone with only
partial response and found to have cirrhosis on follow up liver biopsy).

Bjornsson E, Olsson R. Suspected drug-induced liver fatalities reported to the WHO database. Dig Liver Dis
2006; 38: 33-8. PubMed PMID: 16054882.

(Survey of drug induced liver fatalities reported to WHO database between 1968-2003 revealed 4690 reports — 89%
Y g P P
from the US; the list of most 21 most commonly implicated drugs did not include a tetracycline).

Basude D, Dhawan A. Re: Minocycline-induced autoimmune hepatitis with subsequent cirrhosis. ] Pediatr
Gastroenterol Nutr 2007; 44: 389; author reply 389-90. PubMed PMID: 17325565.

(Letter in response to Chamberlain [2006] arguing that the child likely had a preexisting cryptogenic cirrhosis not
related to minocycline therapy).

Margolis DJ, Hoffstad O, Bilker W. Association or lack of association between tetracycline class antibiotics used
for acne vulgaris and lupus erythematosus. Br ] Dermatol 2007; 157: 540-6. PubMed PMID: 17596147.

(Analysis of UK database on 97,694 subjects with acne, 25% received minocycline, 16% doxycycline and 45% other
tetracyclines. Hazard ratio for lupus-like syndrome was 3.11 for minocycline; no increased risk or association
with doxycycline or other tetracyclines).

Egiguren L, Minondo L, Zapata E, Castiella A. [Patient with autoimmune hepatitis and idiopathic
thrombocytopenic purpura after minocycline therapy] Gastroenterol Hepatol 2007; 30: 565-6. Spanish.
PubMed PMID: 17980139.

(15 year old girl developed jaundice 1 month after starting minocycline therapy for acne [bilirubin 4.4 mg/dL, ALT
1232 U/L, Alk P 555 U/L, ANA 1:1280], developing idiopathic thrombocytopenic purpura when treated with
prednisone; no follow up available).
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Losanoft JE, Holder-Murray JM, Ahmed EB, Cochrane AB, Testa G, Millis JM. Minocycline toxicity requiring
liver transplant. Dig Dis Sci 2007; 52: 3242-4. PubMed PMID: 17404879.

(33 year old woman developed jaundice 7 weeks after starting minocycline for acne [bilirubin 9.9 mg/dL, ALT 882
U/L, Alk P 191 U/L, ANA positivity], with subsequent worsening despite stopping drug, ultimately requiring
liver transplantation; graft showed massive necrosis).

Heaton PC, Fenwick SR, Brewer DE. Association between tetracycline or doxycycline and hepatotoxicity: a
population based case-control study. ] Clin Pharm Ther 2007; 32: 483-7. PubMed PMID: 17875115.

(Analysis of 2 years of Medicaid claims in California found 3377 cases of “hepatotoxicity”; 20 had received
tetracycline <45 days before onset; only 4 controls had: adjusted odds ratio 3.7; not elevated for doxycycline; this
despite safety record of oral tetracyclines and known hepatotoxicity of doxycycline).

Ford T7J, Dillon JE Minocycline hepatitis. Eur ] Gastroenterol Hepatol 2008; 20: 796-9. PubMed PMID:
18617786.

(20 year old developed fatigue and jaundice 1 year after starting minocycline for acne [bilirubin 5.0 mg/dL, AST
1095 U/L, Alk P 178 U/L, ANA 1: 2560], resolving within 1-2 months of stopping accompanied by fall in ANA
titers to normal).

Meropol SB, Chan KA, Chen Z, Finkelstein JA, Hennessy S, Lautenbach E, Platt R, et al. Adverse events
associated with prolonged antibiotic use. Pharmacoepidemiol Drug Saf 2008 17: 423-32. PubMed PMID:
18215001.

(Analysis of 3 large UK and US databases on medication use and clinical outcomes covering ~6 million patients for
adverse events related to >1 month of either amoxicillin [0-1.2/100,000], ciprofloxacin [0-5.7/100,000] and
doxycycline [0-0.9/100,000 person days], but no mention of liver toxicities).

Carrascosa MF, Lucena MI, Andrade R], Caviedes JRS, et al. Fatal acute hepatitis after sequential treatment with
levofloxacin, doxycycline, and naproxen in a patient presenting with acute Mycoplasma pneumoniae
infection. Clin Ther 2009; 31: 1014-19. PubMed PMID: 19539102.

(63 year old man developed acute liver injury 1 week after starting a 3 day course of levofloxacin and 5 days after
starting doxycycline [bilirubin 4.0 rising to >35 mg/dL, ALT 1577 U/L, Alk P 189 U/L], with subsequent
progressive liver failure and death; biopsy showed massive necrosis).

Chalasani N, Fontana R], Bonkovsky HL, Watkins PB, Davern T, Serrano J, Yang H, Rochon J; Drug Induced
Liver Injury Network (DILIN). Causes, clinical features, and outcomes from a prospective study of drug-
induced liver injury in the United States. Gastroenterology 2008; 135: 1924-34. PubMed PMID: 18955056.

(Among 300 cases of drug induced liver disease in the US collected from 2004 to 2008, minocycline accounted for 3
cases, doxycycline for 3 cases and tetracycline was listed as a secondary possible cause for one).

Chavant F, Lafay-Chebassier C, Beauchant M, Perault-Pochat MC. [Doxycycline induced hepatitis].
Gastroenterol Clin Biol 2008; 32: 825-7. French. PubMed PMID: 18823729.

(37 year old man developed fatigue 6 weeks after starting doxycycline [bilirubin 2.8 mg/dL, ALT 2322 U/L, Alk P
184 U/L, ANA 1:100], resolving within 6 weeks of stopping).

Robles DT, Leonard JL, Compton N, Waghmare A, McDonough KA, George E, Wolgamot G, Fleckman P.
Severe drug hypersensitivity reaction in a young woman treated with doxycycline. Dermatology 2008; 217:
23-6. PubMed PMID: 18332631.

(20 year old woman developed severe rash and fever 3 weeks after starting doxycycline for acne [bilirubin 2.5
mg/dL, ALT 133 U/L, Alk P 205 U/L, eosinophils 980/uL], requiring intubation and corticosteroid therapy and
3 week hospitalization, ultimately resolving).
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Maubec E, Wolkenstein P, Loriot MA, Wechsler ], Mulot C, Beaune P, Revuz ], Roujeau JC. Minocycline-
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