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Abstract: Doxycycline is a member of the tetracycline class of antibiotics and has been used clinically for more than 40 years. It is 
a well-tolerated drug that is bacteriostatic and acts via the inhibition of bacterial ribosomes. It is generally given at a dose of 100-mg 
daily or twice daily. It is well absorbed and has generally good tissue penetration. The serum half-life is 18–22 hours and dosage does 
not need to be adjusted in the presence of renal or hepatic impairment. Major side effects are gastro-intestinal and dermatological and 
it is generally contra-indicated in pregnancy or childhood because of concerns about discolouration of developing teeth and potential 
effects on growing bones. Drug interactions are not common although can occur with the concomitant use of methotrexate and the 
oral contraceptive pill, and its absorption can be reduced by the co-administration with some antacids and iron preparations. It has 
activity against many organisms, including Gram-positives, Gram-negatives and atypical bacteria. In addition, it appears to have some 
potentially clinically useful anti-inflammatory properties.
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Introduction
Tetracycline antibiotics were one of the first 
classes developed following the introduction of 
penicillin G and the sulphonamides. Doxycycline 
(alpha-6-deoxytetracycline; see Fig. 1) was developed 
by Pfizer and is a semi-synthetic derivative of 
oxytetracycline that first became available in 1967. 
It has the advantage over other members of the 
tetracycline family of improved oral absorption 
and a prolonged serum half-life. Doxycycline has 
activity against a very broad range of Gram-positive, 
Gram-negative and ‘atypical’ bacteria as well as 
some protozoa such as malaria. It is also a useful 
antibiotic for prophylaxis against and treatment of 
several important potential biological warfare agents. 
As such it is widely used in many parts of the world, 
in particular for sexually transmitted infections, 
respiratory tract infections, malaria prophylaxis and 
for the therapy of some arthropod-borne rickettsial 
infections.

Mechanism of Action
Doxycycline inhibits bacterial protein synthesis by 
reversibly binding to the 30S ribosomal subunit and 
preventing the association of aminoacyl-tRNA with 
the bacterial ribosome. Further inhibition of protein 
synthesis occurs in mitochondria through binding to 
the 70S ribosomes. It is therefore a bacteriostatic drug. 
Doxycycline enters the cell via hydrophilic pores in 
the outer cell membrane and a pH-dependent active 
transport system in the inner cytoplasmic membrane.1 
It also inhibits apicoplast ribosomal subunits in 
Plasmodium falciparum, leading to impaired fatty 

acid synthesis and impaired heme biosynthesis late in 
the malarial cell cycle.2,3

In addition, it has multiple other actions including the 
prevention of angiogenesis and apoptosis, enhancement 
of gingival fibroblast attachment, and wound healing.4–6 
It is known to inhibit certain matrix metalloproteases 
(MMPs), which are proteolytic enzymes produced by 
inflammatory cells. This has led to potential use in 
various anti-inflammatory and anti-neoplastic roles.7,8 
Subantimicrobial doses of doxycycline in periodontitis 
inhibit collagen degradation and the action of 
destructive MMPs in the gingivae.9,10

Pharmacokinetics  
and Pharmacodynamics
Doxycycline is almost completely absorbed 
following oral administration in the stomach and 
proximal small bowel. Food or dairy products do not 
significantly alter absorption, unlike for tetracycline 
and minocycline, with serum levels only falling by 
20%.11,12 It forms complexes with metal ions in food 
which are unstable in the acidic conditions in the 
stomach, and doxycycline enters the small bowel as 
free drug. However metal complexes formed in the 
duodenum are stable so a small amount of doxycycline 
is not absorbed. The presence of multivalent cations 
will impair doxycycline absorption.

There is a prolonged serum half-life of 
18–22 hours, and this is not altered by impaired renal 
function. Peak serum levels occur 2–3 hours after oral 
administration and within 30 minutes after intravenous 
administration.12,13 A single dose of oral doxycycline 
200 mg achieves peak serum concentrations of 
approximately 3.0–5.0 µg/mL, and a single dose of 
intravenous doxycycline at the same dose achieves 
peak serum concentrations of 4–10 µg/mL.12–14

Penetration occurs in body fluids and tissues. 
Doxycycline is more lipid soluble than tetracycline, 
so high levels are detected in a range of tissues 
including lymphatic fluid, peritoneal fluid, colonic 
tissue, prostate tissue, and breast milk. Doxycycline 
penetrates more readily into bacterial cells compared 
with other tetracyclines.15 Doxycycline also penetrates 
into cerebrospinal fluid with mean levels of 0.37–1.3 
µg/mL or 14%–26% of serum concentration.16–18 
Concentrations are highest in excretory organs 
including the biliary system.19 There is poor 
concentration in saliva and sputum.20,21 Accumulation 
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Figure 1. Chemical structure of doxycycline.
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occurs in teeth and bones via the formation of a stable 
calcium complex and leads to discolouration of teeth. 
Doxycycline also crosses the placenta, achieving 
umbilical cord plasma concentrations of 54% of 
maternal serum concentration.22 The topical application 
of doxycycline to gingivae leads to detectable levels in 
gingival crevicular fluid but not serum.23 Although oral 
doxycycline may reduce symptoms of ocular surface 
diseases (for example, meibomian gland dysfunction), 
it is not detectable in tear fluid samples.24

There is variable protein binding, reported up to 
82%–90%.25,26 The metabolism of doxycycline and 
other tetracyclines has not been investigated. More 
than one-third of doxycycline is excreted by the 
kidneys via glomerular filtration,14,26,27 and a small 
percentage is excreted in the bile.26,27 The remainder 
of doxycycline is excreted in faeces. In the presence 
of renal impairment, more doxycycline is excreted in 
faeces so that the same dose of doxycycline can be 
given without drug accumulation.26–28 More than 90% 
of an oral dose of doxycycline is eliminated from the 
body within 72 hours of drug administration.

There are no data on the impact of sex, 
pregnancy, breast-feeding or hepatic impairment 
on pharmacokinetics and there are limited data 
available on doxycycline pharmacodynamics.19 
Concentration-dependent killing or area under the 
curve (AUC) is considered the significant parameter 
for doxycycline activity however there are no 
AUC/MIC targets. Doxycycline exerts a post-antibiotic 
effect (PAE) that is concentration dependent against 
a variety of organisms.29 The significance of this is 
uncertain because adequate serum concentrations are 
maintained during the dosing interval if given on a 
daily or twice-daily regimen.29

Drug Interactions
Absorption is impaired by ferrous sulfate, bismuth 
and other antacids containing aluminium, calcium 
and magnesium salts.13,30–34 Doxycycline should 
be given 2 hours prior to or 3 hours after iron 
supplementation.13 It is not reduced by concomitant 
ranitidine.35 Cytochrome P450 3A4 inducers such as 
rifampicin will reduce serum levels due to increased 
hepatic metabolism.36 Barbiturates, anticonvulsants 
(phenytoin, carbamazepine), sodium bicarbonate, and 
acetazolamide will also lower plasma doxycycline 
levels.37,38 Tetracyclines may lower plasma prothrombin 

activity, so patients on anticoagulant therapy may 
require reduction of their anticoagulant dosage.39 The 
concurrent use of tetracycline and methoxyflurane 
has been reported to result in fatal renal toxicity.40 
The efficacy of oral contraceptives is impaired by 
concurrent doxycycline, so barrier contraception must 
be used during doxycycline therapy and for seven days 
after completion of therapy.41–43 It may also lead to 
breakthrough inter-menstrual bleeding. Doxycycline 
should be used with caution in patients with chronic 
alcoholism as the half-life of doxycycline is reduced.44 
Doxycycline also may displace methotrexate from its 
binding site, leading to elevated methotrexate levels 
and toxicity.34,45 Synergistic or additive effects with 
beta-lactams have been demonstrated experimentally 
with Stenotrophomonas maltophilia and Chlamydophila 
trachomatis with uncertain clinical significance.46,47

Dosage and Administration
Doxycycline is usually commenced with a starting 
dose of 200-mg daily, followed by a maintenance dose 
of 100-mg daily (or twice-daily for severe infections). 
It can be administered orally or intravenously. The 
oral dose should be taken with sufficient fluids and the 
patient should remain upright for 30 minutes following 
administration. The maximum recommended dose is 
300-mg daily.34 In children, when doxycycline benefits 
outweigh the risks, a weight-adjusted dose of 2.2 mg/kg 
daily or twice daily is used. A higher loading dose 
of doxycycline, for example 200-mg twice daily for 
72 hours, is recommended for optimal dose-dependent 
killing in serious infections.48 Variations exist with 
dosing and duration for specific indications, for 
example, malaria prophylaxis, syphilis, and scrub 
typhus. Lower doses, for example 20-mg twice 
daily, are used for acne vulgaris and rosacea. Topical 
preparations are also available for periodontitis.

Clinical Uses
Doxycycline has a broad-spectrum of activity against 
many Gram-positive, Gram-negative and ‘atypical’ 
bacteria, as seen in Table 1. As a result, it has many 
potential uses.

Respiratory infections
Doxycycline is frequently used in some parts of the 
world to treat respiratory tract infections such as 
community-acquired pneumonia (CAP) and acute 
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exacerbations of chronic bronchitis (AECB). Its 
activity against ‘atypical’ bacteria such as Mycoplasma 
pneumoniae, Chlamydophila spp., Legionella spp. 
and Coxiella burnetii is reliable although resistance 
rates for ‘typical’ bacteria such as Streptococcus 
pneumoniae and Haemophilus influenzae are variable. 
Pneumococcal resistance rates for doxycycline range 
from 5%–25%.49–51 Thus, in areas where resistance 
rates are either high or unknown, doxycycline should 
be combined with another agent that has more reliable 
anti-pneumococcal activity, such as a beta-lactam. In 
Australian patients with CAP treated with doxycycline 
combined with either benzylpenicillin, amoxycillin 
or ceftriaxone, very good outcomes were obtained,52 

and outcomes have been good even for confirmed 
cases of legionellosis.53 Recent randomized studies 
comparing doxycycline with other agents are not 
available. In the CAP guidelines from the Infectious 
Diseases Society of America/American Thoracic 
Society, doxycycline is listed as one of the options 
for treating ambulatory patients with CAP who have 
no risk factors for drug-resistant pneumococcal 
infections.54

Doxycycline is generally listed as one of the first-line 
treatment options for AECB. Recent data for this is 
limited but in one study, it was superior to cefaclor and 
equivalent to amoxicillin, cephalexin and enoxacin.55 
Another small study compared it to roxithromycin and 

Table 1. Doxycycline activity against selected pathogens.

Organism Typical MIC90 µg per ml Range
Gram-negative bacteria
Escherichia coli 32 0.5–64
Klebsiella pneumoniae 64 1–64
Yersinia pestis 1 0.125–2
Haemophilus influenzae 1 0.5–8
Moraxella catarrhalis 0.1–4
Burkholderia pseudomallei 1.5 0.125–4
Stenotrophomonas maltophilia 2 0.5–4
Brucella melitensis 0.064 0.0156–0.094
Bartonella spp. 0.12 0.016–0.25
Neisseria meningitides 1 0.12–2
Gram-positive bacteria
Staphylococcus aureus 4 0.03–16
Streptococcus pyogenes 8 0.1–16
Streptococcus pneumoniae 8 0.04–16
Enterococcus faecalis 32 0.12–64
Listeria monocytogenes 0.25 0.125–1
Bacillus anthracis 0.063 0.031–0.125
Nocardia spp. 16–32 0.125–32
Tropheryma whipplei 0.25–2
Other bacteria
Legionella pneumophila 2 0.5–2
Mycoplasma pneumoniae 0.25 0.06–0.25
Chlamydophila pneumoniae 0.25 0.06–0.5
Chlamydophila trachomatis 0.25 0.125–0.25
Rickettsia spp. 0.06–0.125
Coxiella bunetii 2–4
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found slightly lower rates of mortality and adverse 
events in the roxithromycin group.56

Genitourinary infections
For many years, seven-day courses of doxycycline 
were the treatment of choice for non-gonococcal 
urethritis (NGU) because of its reliable activity 
against Chlamydophila spp. With the availability of 
azithromycin, which can be given as a single oral dose 
to improve adherence, doxycycline use has decreased 
for this indication. Both drugs achieve similar high 
rates of successful outcomes of at least 97% for NGU 
due to Chlamydophila trachomatis.57 Activity of 
doxycycline against Ureaplasma urealyticum is also 
good although occasional resistant strains are seen.58 
These same organisms can cause chronic prostatitis 
or epididymo-orchitis and four-week courses of 
doxycycline achieve equivalent responses to weekly 
doses of azithromycin for four weeks.59,60

In the guidelines for the treatment of PID from the 
Centers for Disease Control and Prevention, doxycycline 
combined with either ceftriaxone (+/- metronidazole), 
cefoxitin or cefotetan is recommended.61 Because of 
concerns about poorer activity against M. genitalium, 
as well as greater ease of use with azithromycin, 
doxycycline is being used less commonly now in 
some locations.62–64 In a comparison of the treatment 
of PID using ceftriaxone combined with either three 
doses of azithromycin over two weeks or two weeks 
of doxycycline, better results were obtained in the 
azithromycin group.65

Three-week courses of doxycycline can be used in the 
therapy of lymphogranuloma venereum and granuloma 
inguinale (donovanosis).66,67 Due to high rates of 
resistance, doxycycline is no longer recommended for 
the treatment of gonorrhoea or chancroid (Haemophilus 
ducreyi) without confirming susceptibility first.67,68

Cell wall deficient bacteria  
such as Rickettsia
Worldwide, an increasing number of species of 
Rickettsia are being recognised that cause human 
disease. These are divided based on their clinical 
characteristics into the spotted fever group, the typhus 
group and the scrub typhus group. Doxycycline is the 
treatment of choice for these rickettsial infections, 
generally given as 100-mg twice daily for 5–7 days. 
It is also the treatment of choice in infections caused 

by Ehrlichia spp. and Anaplasma phagocytophilum.69 
In most cases, response is rapid, although there have 
been recent reports about delayed response or reduced 
susceptibility in cases of scrub typhus and murine 
typhus.70

Q fever infections can be self-limiting but if 
treatment is used in acute cases, doxycycline for 
14 days is preferred. In cases of Q fever endocarditis, 
prolonged therapy is required, generally for 
18 months and combined with another agent such as 
hydroxychloroquine.71

Bartonella
Bartonella spp. can cause a variety of manifestations, 
including trench fever, endocarditis, pyrexia of 
unknown origin, cat scratch disease, bacillary 
angiomatosis, peliosis hepatis and splenitis, Oroya 
fever, verruga peruana, retinitis and pericarditis. 
Doxycycline has activity against Bartonella spp. 
and is recommended as first-line therapy for many 
of these conditions, either alone, or in the more 
serious illnesses, combined with other agents such 
as gentamicin or rifampicin. It is generally given for 
prolonged periods.72

Spirochetal infections
In patients with early Lyme disease, treatment with 
doxycycline for 10–21 days is as effective as other 
agents such as amoxycillin or cefuroxime.73,74 One 
potential benefit of choosing doxycycline is that it 
will also have activity against Ehrlichia or Anaplasma 
infections that may be also be transmitted by ticks. If 
dissemination has occurred, with either neurologic 
or cardiac complications, it can still be used and 
should be given for 21 days, with results equivalent 
to intravenous penicillin G or ceftriaxone.75–77 In 
late cases of Lyme disease that are associated with 
arthritis, a month of doxycycline is effective in the 
majority.78 Other Borrelia infections such as relapsing 
fever can also be treated with doxycycline, although 
there is greater experience using tetracycline and 
penicillins.

14–28 days of doxycycline is an alternative 
for treating primary or secondary syphilis in the 
penicillin-allergic patient.79 It is also likely that this 
will be adequate treatment of endemic treponematoses 
such as yaws, although clinical studies about this are 
lacking.
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Doxycycline is effective therapy for 
leptospirosis and is equivalent to both penicillin 
and cefotaxime.80 As rickettsial infections may be 
prevalent in some areas with leptospirosis and the 
two infections may occur together or be difficult to 
distinguish, doxycycline is the preferred option in 
such locations.

Potential agents of bioterrorism
Both naturally occurring anthrax and that due to 
bioterrorism can be treated with doxycycline. Naturally 
occurring cutaneous anthrax is treated for 5–7 days 
while both treatment and post-exposure prophylaxis 
in the event of bioterrorism require 60 days of therapy. 
Inhalational anthrax is generally more severe and 
combination therapy is preferred.81,82

Tularaemia is another potential bioterrorism agent. 
Recommended therapy is generally streptomycin 
or gentamicin, although doxycycline is a suitable 
alternative, especially if the patient is not seriously ill.83 
Similar recommendations are made for infections due 
to Yersinia pestis, with 7–10 days therapy suggested 
and high response rates seen.84

Malaria
For chemoprophylaxis against malaria in areas with 
chloroquine resistance, one of the most commonly used 
agents is doxycycline 100-mg daily taken from two 
days before entering until four weeks after leaving the 
malarial area. This offers protection of over 93% and 
is equivalent to mefloquine although the tolerability 
of and compliance with weekly mefloquine may be 
better.85–87 At lower doses, or when taken for only two 
weeks after travel, breakthrough cases of malaria, 
particularly Plasmodium vivax, are not uncommon. 
In general, for travel to malaria-endemic areas with 
chloroquine resistance, options for prophylaxis are 
doxycycline, mefloquine and atovaquone-proguanil. 
The choice is based on cost, patient preference and 
ability to adhere, co-morbid illnesses, history of 
side effects, and presence of widespread resistance 
to any of these agents in the travel destinations. It 
is important to seek up to date advice on the rates 
of drug-resistant malaria in the countries that will be 
visited.

For treatment of malaria, particularly that caused 
by P. falciparum, doxycycline also has a role as 
adjunctive therapy. It can be combined with quinine 

(or quinidine), mefloquine, artesunate or artemether 
to improve rates of cure.

Miscellaneous uses
Doxycycline can be used as a second-line treatment 
option combined with other agents to treat 
Helicobacter pylori, particularly when clarithromycin 
resistance is present.88,89 There is, however, greater 
experience with tetracycline for this indication. 
Ocular trachoma infections can also be treated 
with doxycycline although generally either oral 
azithromycin or topical tetracycline are preferred.90 
Following induction therapy for Whipple’s disease 
with ceftriaxone or penicillin, doxycycline combined 
with hydroxychloroquine for one year can be used 
as maintenance therapy in patients unable to take 
co-trimoxazole.91

In patients with cholera, antibiotics are an adjunct 
to adequate fluid and electrolyte replacement but may 
have a role in reducing Vibrio excretion as well as 
volume of diarrhoea. Doxycycline (or tetracycline) has 
been the treatment of choice although resistance to this 
class is seen.92,93 Infections due to non-cholera Vibrio 
spp. and Aeromonas spp., which generally involve the 
skin or gastro-intestinal tract but may cause septicaemic 
illnesses, can also be treated with doxycycline.91,92

In treating adults with brucellosis, doxycycline 
for 45 days combined with initial streptomycin is 
frequently given as first-line treatment. Substitution 
of gentamicin for the streptomycin leads to equivalent 
outcomes.94 Alternatively, 45 days of doxycycline 
plus rifampicin is sometimes used and is superior 
to doxycycline plus a fluoroquinolone.95 In patients 
with osteoarticular brucellosis, aminoglycoside-
doxycycline therapy is preferred.96 Triple antibiotic 
combination with doxycycline, rifampicin and an 
aminoglycoside appears to reduce the relapse rate.95

Actinomycosis is another infection that can be 
treated with doxycycline, although penicillins are 
usually first-line therapy.97 For infections due to 
Nocardia spp., minocycline is preferred although 
doxycycline maintenance therapy may be used in 
patients who are intolerant of this and co-trimoxazole. 
Melioidosis is treated initially with IV carbapenems 
or ceftazidime but this is then followed up with at 
least three months of oral therapy, generally using 
co-trimoxazole plus doxycycline, for which the MICs 
are generally low.98,99
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Rat bite fever due to infection with Streptobacillus 
moniliformis is generally treated with penicillins 
although doxycycline can be substituted in the 
allergic patient. Occasional isolates of rapid growing 
mycobacteria such as M. fortuitum are susceptible to 
doxycycline although this is rarely used clinically.100 
Prolonged courses of doxycycline over three to six 
months are sometimes used to treat patients with 
tropical sprue.101

An interesting newer use of doxycycline has been 
for Wolbachia endosymbiont infection in filarial 
infections such as onchocerciasis and Wuchererian 
filariasis. It is used for 6 weeks and by killing the 
symbiotic bacteria that assist in the life cycle of the 
filaria, interrupts embryogenesis in the adult worms 
for prolonged periods.102–105

Non-infectious conditions  
that can be treated with doxycycline
Doxycycline has also been used in a variety of 
non-infectious conditions. Most commonly, it can be 
used for severe acne, although part of its effect 
may be due to anti-bacterial activity against 
Propionibacterium acnes. Other examples of its use 
are in periodontitis, rosacea, bullous dermatoses, 
neutrophilic diseases, pyoderma gangrenosum, 
sarcoidosis, multiple sclerosis, the medical therapy 
of aortic aneurysms, autoimmune disorders such 
as rheumatoid arthritis and scleroderma, and as 
a sclerosant in pleurodesis procedures and for 
lymphatic or vascular malformations.106–115

An interesting potential use for doxycycline is its 
use in treating or preventing certain cancer metastases. 
This particularly relates to bone metastases from breast 
or prostate primaries, possibly due to the inhibition 
of certain MMPs that are mediators in the formation 
of this complication.116 However, in vitro activity 
against a range of cancers has been demonstrated 
with members of the tetracycline family, including 
the recently developed molecule, Col-3.7,116

Safety
Doxycycline is generally well tolerated, especially 
compared with older tetracyclines and minocycline.34,117

Gastrointestinal
Common symptoms include nausea, vomiting, diarrhoea 
and epigastric burning. More severe reactions include 

oesophagitis, oesophageal ulceration, and mediastinitis. 
The risk of oesophageal ulceration can be reduced with 
the use of enteric-coated preparations, and with the 
monohydrate (rather than hydrochloride) formulation. 
Patients should take doxycycline with sufficient fluids 
and remain upright for 30 minutes after administration 
to reduce symptoms. Doxycycline should be avoided in 
patients with oesophageal compression or obstruction. 
Other gastrointestinal effects include Clostridium 
difficile-associated diarrhoea, although this occurs 
less frequently than with other antibiotics such as 
clindamycin.118 Tetracycline-induced hepatotoxicity 
is increased in the presence of hepatic impairment, 
however the risk with doxycycline is lower or minimal 
compared with other tetracyclines.119

Dermatological and hypersensitivity
Doxycycline may cause photosensitivity and 
photo-onycholysis.120 A wide variety of skin eruptions 
may occur, including erythematous, maculopapular 
and pustular rashes, pruritus, urticaria and fixed 
drug eruptions. Rarely hypersensitivity and serum 
sickness reactions,121 Stevens-Johnson syndrome 
and toxic epidermal necrolysis may occur. The 
Jarisch-Herxheimer reaction may occur when 
doxycycline is used for treatment of spirochetal 
infections. Anaphylaxis has also been reported.

Bones and teeth
The accumulation of doxycycline in teeth and bones 
leads to discolouration of teeth and is more common 
in deciduous rather than permanent teeth. However 
if they are given to children whilst permanent teeth 
are still in development, this may lead to lifelong 
discolouration. Discolouration may also occur in 
permanent teeth, especially with concomitant poor 
dental hygiene and increased sunlight exposure.122 It 
may also cause enamel dysplasia and bone deformities 
and impairment in bone growth.123 Premature infants 
administered doxycycline demonstrated a 40% 
reduction in fibular bone growth that was reversible 
upon drug cessation.124

Neurological
Doxycycline has also been associated with benign 
intracranial hypertension. Symptoms usually improve 
upon cessation of doxycycline and concomitant 
administration of acetazolamide, however permanent 
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visual acuity or visual field loss has occurred in a 
percentage of patients, necessitating optic nerve 
fenestration or CSF shunting.125,126

Other
Oropharyngeal and vaginal candidiasis from fungal 
overgrowth is common. Rare side effects include taste 
perversion, rhinitis, hiccups, and blood dyscrasias.34,117,127 
Drug-induced lupus is associated with minocycline but 
not doxycycline, however doxycycline may exacerbate 
systemic lupus erythematosus.121 There are fewer 
side effects when doxycycline is used in lower doses 
without an increase in resistance of microorganisms.34

Pregnancy, lactation and children
Doxycycline can be given during the first 18 weeks 
of pregnancy but is contraindicated after this time due 
to potential discolouration and malformation of fetal 
teeth. It is potentially teratogenic in animal studies. 
There was a minor increase in fetal abnormalities 
(odds ratio 1.6, 95% confidence interval 1.1–2.3) 
in a large survey of over 18,000 pregnancies, 
however another study of 1795 doxycycline-exposed 
pregnancies demonstrated no increased risk of fetal 
abnormalities.128,129 High doses of doxycycline have 
been associated with fatty necrosis of the liver in 
pregnant women, especially those with pyelonephritis. 
A short course of doxycycline for 7 to 10 days is 
considered safe during breast-feeding if there are no 
other alternatives available. Otherwise they should 
be used with caution as doxycycline is present in 
breast milk and may also lead to abnormalities 
in tooth development in the baby. Doxycycline is 
contraindicated in children younger than 8 years of 
age due to discolouration of teeth, enamel dysplasia 
and possible bone deformities. In rare situations 
doxycycline may be administered to children with 
a dose of 2.2 mg/kg twice daily where benefits of 
doxycycline outweigh the risks, such as infections 
with rickettsiae, Yersinia pestis, and Burkholderia 
pseudomallei.130

Efficacy
Resistance to doxycycline occurs due to acquisition 
of genes such as the tet and otr genes.131 Generally 
they are acquired through conjugation from 
transposons, plasmids and integrons. The majority 
of these genes encode for efflux proteins that export 

tetracycline from the cell via an energy-dependent 
process. Some genes encode ribosomal protection 
proteins that result in ribosomal conformational 
changes, preventing doxycycline from binding to 
the ribosome. Shigella dysenteriae was the first 
tetracycline-resistant organism isolated. Since 1953 
there has been a significant increase in doxycycline 
resistance in Gram-negative organisms including 
Enterobacteriaceae, Pseudomonodaceae, Neisseria, 
Haemophilus, Mannheimia, Treponema, Vibrio spp., 
and fastidious nonfermentative organisms such as 
Kingella, Eikenella and  Actinobacillus spp.1 Multi-drug 
resistance now occurs as tet genes are carried on 
integrons and plasmids with other genes encoding 
resistance to other antibiotics. Gram-positive organisms 
such as Staphyloccocus aureus, Streptococcus 
agalactiae, Enteroccocus faecalis, and Streptococcus 
pneumoniae have also developed doxycycline 
resistance and multi-drug resistance. Other organisms 
that may acquire tet and otr genes include Mycoplasma, 
Ureaplasma, Actinomyces, Nocardia and rapidly 
growing Mycobacterium species.

There are 2 newly discovered genes that encode 
tetracycline-inactivating enzymes in Bacteroides 
species.132,133 Doxycycline resistance rarely occurs 
through chromosomal mutation where permeability of 
outer membrane pores affects diffusion of tetracycline 
into the cell. Clinically important chromosomal 
mutations occur in H. pylori, M. avium complex 
and N. gonorrhoeae. As yet there is no tetracycline 
resistance amongst obligate intracellular pathogens 
and protozoa.134 Tetracycline-resistant Chlamydophila 
suis has been detected in pigs, so there is potential for 
doxycycline resistance in chlamydophilae.135

The increasing prevalence of doxycycline 
resistance in various geographic locations has limited 
its use as treatment for many organisms including 
Enterobacteriaceae, S. aureus, S. pneumoniae  (including 
penicillin-resistant pneumococci) and Bacteroides.136 
Fortunately doxycycline remains active against a wide 
range of other infections where its use is now first line, 
for example, Coxiella burnetii, Brucella melitensis, 
Borrelia burgdorferi, and in penicillin-allergic patients 
with early syphilis.

Patient Preference
Doxycycline is inexpensive and available worldwide, 
and can be conveniently administered via oral or 
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parenteral routes. This makes it practical for use 
in community and hospital settings. Excellent 
absorption and tissue distribution make it particularly 
useful for the severely ill patient compared with 
other antibiotics. Common adverse reactions such as 
gastrointestinal upset or oesophagitis can be prevented 
with careful attention to correct administration. 
Enteric-coated pellets have fewer gastrointestinal 
side effects.34 Photosensitivity can be prevented or 
ameliorated with adequate attention to sun protection. 
It is important to remind women that the efficacy 
of the contraceptive pill is reduced and that barrier 
methods of contraception are required during and 
after doxycycline therapy.

Conclusions
Given its broad spectrum of activity and the wide 
array of clinical uses, including against some 
more obscure and difficult to diagnose conditions, 
doxycycline is sometimes referred to as the “secret 
weapon of the infectious diseases physician.” 
Although the long acting macrolide azithromycin has 
taken on many of its uses, it retains a very important 
place in the antibiotic armamentarium. It is generally 
well tolerated and has excellent clinical activity in 
many sexually transmitted infections, rickettsial and 
related infections, Lyme disease, brucellosis, anthrax, 
Q fever and atypical respiratory pathogens as well as 
the prevention of malaria.

Disclosure
The authors report no conflicts of interest.

References
	 1.	 Chopra I, Roberts M. Tetracycline antibiotics: mode of action, applications, 

molecular biology, and epidemiology of bacterial resistance. Microbiol Mol 
Biol Rev. 2001;65:232–60.

	 2.	 Batty KT, Law ASF, Stirling V, Moore BR. Pharmacodynamics of 
doxycycline in a murine malaria model. Antimicrob Agents Chemother. 
2007;51:4477–9.

	 3.	 Dahl EL, Shock JL, Shenai BR, Gut J, DeRisi JL, Rosenthal PJ. Tetracyclines 
specifically target the apicoplast of the malaria parasite Plasmodium 
falciparum. Antimicrob Agents Chemother. 2006;50:3124–31.

	 4.	 Chaidemenos GC. Tetracycline and niacinamide in the treatment of 
blistering skin diseases. Clin Dermatol. 2001;19:781–5.

	 5.	 Ramamurthy NS, Rifkin BR, Greenwald RA, et al. Inhibition of matrix 
metalloproteinase-mediated periodontal bone loss in rats: a comparison of 
6 chemically modified tetracyclines. J Periodontol. 2002;73:726–34.

	 6.	 Skidmore R, Kovach R, Walker C, et al. Effects of subantimicrobial-dose 
doxycycline in the treatment of moderate acne. Arch Dermatol. 2003;139: 
459–64.

	 7.	 Pasquale TR, Tan JS. Nonantimicrobial effects of antibacterial agents. Clin 
Infect Dis. 2005;40:127–35.

	 8.	 Weinberg JM. The anti-inflammatory effects of tetracyclines. Cutis. 2005; 
75:6–11.

	 9.	 Golub LM, Lee HM, Ryan ME, Giannobile WV, Payne J, Sorsa T.  Tetracyclines 
inhibit connective tissue breakdown by multiple non-antimicrobial 
mechanisms. Adv Dent Res. 1998;12:12–26.

10.	 Preshaw PM, Hefti AF, Jepsen S, Etienne D, Walker C, Bradshaw MH. 
Subantimicrobial dose doxycycline as adjunctive treatment for periodontitis. 
A review. J Clin Periodontol. 2004;31:697–707.

11.	 Leyden JJ. Absorption of minocycline hydrochloride and tetracycline 
hydrochloride. Effect of food, milk, and iron. J Am Acad Dermatol. 1985; 
12:308–12.

12.	 Welling PG, Koch PA, Lau CC, Craig WA. Bioavailability of tetracycline 
and doxycycline in fasted and nonfasted subjects. Antimicrob Agents 
Chemother. 1977;11:462–9.

13.	 Neuvonen PJ, Gothoni G, Hackman R, Bjorksten K. Interference of 
iron with the absorption of tetracyclines in man. Br Med J. 1970;4:532–4.

14.	 Alestig K. Studies on doxycycline during intravenous and oral treatment 
with reference to renal function. Scand J Infect Dis. 1973;5:193–8.

15.	 Nikaido H, Thanassi DG. Penetration of lipophilic agents with multiple 
protonation sites into bacterial cells: tetracyclines and fluoroquinolones as 
examples. Antimicrob Agents Chemother. 1993;37:1393–9.

16.	 Andersson H, Alestig K. The penetration of doxycycline into CSF. Scand 
J Infect Dis. 1976;9 Suppl:17–9.

17.	 Karlsson M, Hammers S, Nilsson-Ehle I, Malmborg AS, Wretlind B. 
Concentrations of doxycycline and penicillin G in sera and cerebrospinal 
fluid of patients treated for neuroborreliosis. Antimicrob Agents Chemother. 
1996;40:1104–7.

18.	 Yim CW, Flynn NM, Fitzgerald FT. Penetration of oral doxycycline into 
the cerebrospinal fluid of patients with latent or neurosyphilis. Antimicrob 
Agents Chemother. 1985;28:347–8.

19.	 Agwuh KN, MacGowan A. Pharmacokinetics and pharmacodynamics 
of the tetracyclines including glycylcyclines. J Antimicrob Chemother. 
2006;58:256–65.

20.	 Marlin GE, Cheng S. Pharmacokinetics and tolerability of a single oral 
600-mg dose of doxycycline. Med J Aust. 1979;1:575–6.

21.	 Marlin GE, Cheng S, Thompson PJ. Sputum and plasma doxycycline 
concentrations after a single oral 600 mg doxycycline dose in patients with 
chronic bronchitis. Eur J Respir Dis. 1981;62:276–80.

22.	 Wallner HJ, Schmiedel A. Blood serum levels in mother and child after oral 
administration of doxycycline ante partum. MMW Munch Med Wochenschr. 
1975;117:349–52.

23.	 Kim T-S, Burklin T, Schacher B, et al. Pharmacokinetic profile of a 
locally administered doxycycline gel in crevicular fluid, blood, and saliva. 
J Periodontol. 2002;73:1285–91.

24.	 Smith VA, Khan-Lim D, Anderson L, Cook SD, Dick AD. Does 
orally administered doxycycline reach the tear film? Br J Ophthalmol. 
2008;92:856–9.

25.	 Macdonald H, Kelly RG, Allen ES, Noble JF, Kanegis LA. Pharmacokinetic 
studies on minocycline in man. Clin Pharmacol Ther. 1973;14:852–61.

26.	 Alestig K. Studies on the intestinal excretion of doxycycline. Scand J Infect 
Dis. 1974;6:265–71.

27.	 Mahon WA, Johnson GE, Endrenyl L, Kelly MF, Fenton SS. The elimination 
of tritiated doxycycline in normal subjects and in patients with severely 
impaired renal function. Scand J Infect Dis. 1976;9 Suppl:24–31.

28.	 Whelton A, Schach von Wittenau M, Twomey TM, Walker WG, Bianchine JR. 
Doxycycline pharmacokinetics in the absence of renal function. Kidney Int. 
1974;5:365–71.

29.	 Cunha BA, Domenico P, Cunha CB. Pharmacodynamics of doxycycline. 
Clin Microbiol Infect. 2000;6:270–3.

30.	 Ericsson CD, DuPont HL. Travelers’ diarrhea: approaches to prevention 
and treatment. Clin Infect Dis. 1993;16:616–624.

31.	 Ericsson CD, Feldman S, Pickering LK, Cleary TG. Influence of subsalicylate 
bismuth on absorption of doxycycline. JAMA. 1982;247:2266–7.

32.	 Neuvonen PJ, Penttila O. Effect of oral ferrous sulphate on the half-life of 
doxycycline in man. Eur J Clin Pharmacol. 1974;7:361–363.

33.	 Neuvonen PJ, Turakka H. Inhibitory effect of  various iron salts on the absorption 
of tetracycline in man. Eur J Clin Pharmacol. 1974;7:357–60.

http://www.la-press.com


Holmes and Charles

480	 Clinical Medicine: Therapeutics 2009:1

34.	 Sloan B, Scheinfeld N. The use and safety of doxycycline hyclate and other 
second-generation tetracyclines. Expert Opin Drug Saf. 2008;7:571–7.

35.	 Deppermann KM, Lode H, Hoffken G, Tschink G, Kalz C, Koeppe P. 
Influence of ranitidine, pirenzepine, and aluminum magnesium hydroxide 
on the bioavailability of various antibiotics, including amoxicillin, 
cephalexin, doxycycline, and amoxicillin-clavulanic acid. Antimicrob 
Agents Chemother. 1989;33:1901–7.

36.	 Colmenero JD, Fernandez-Gallardo LC, Agundez JA, Sedeno J, Benitez J, 
Valverde E. Possible implications of doxycycline-rifampin interaction for 
treatment of brucellosis. Antimicrob Agents Chemother. 1994;38:2798–802.

37.	 Neuvonen PJ, Penttila O. Interaction between doxycycline and barbiturates. 
Br Med J. 1974;1:535–6.

38.	 Neuvonen PJ, Penttila O, Lehtovaara R, Aho K. Effect of antiepileptic drugs 
on the elimination of various tetracycline derivatives. Eur J Clin Pharmacol. 
1975;9:147–54.

39.	 Westfall LK, Mintzer DL, Wiser TH. Potentiation of warfarin by tetracycline. 
Am J Hosp Pharm. 1980;37:1620, 1625.

40.	 Kuzucu EY. Methoxyflurane, tetracycline, and renal failure. JAMA. 1970; 
211:1162–4.

41.	 True RJ. Interactions between antibiotics and oral contraceptives. JAMA. 
1982;247:1408.

42.	 Sparrow MJ. Pill method failures. NZ Med J. 1987;100:102–5.
43.	 Szoka PR, Edgren RA. Drug interactions with oral contraceptives: 

compilation and analysis of an adverse experience report database. Fertil 
Steril. 1988;49 Suppl 2:31S–38S.

44.	 Neuvonen PJ, Penttila O, Roos M, Tirkkonen J. Effect of long-term alcohol 
consumption on the half-life of tetracycline and doxycycline in man. Int J 
Clin Pharmacol Biopharm. 1976;14:303–7.

45.	 Tortajada-Ituren JJ, Ordovas-Baines JP, Llopis-Salvia P, Jimenez-Torres NV. 
High-dose methotrexate-doxycycline interaction. Ann Pharmacother. 1999; 
33:804–8.

46.	 How SJ, Hobson D, Hart CA, Webster RE. An in-vitro investigation 
of synergy and antagonism between antimicrobials against Chlamydia 
trachomatis. J Antimicrob Chemother. 1985;15:533–8.

47.	 San Gabriel P, Zhou J, Tabibi S, Chen Y, Trauzzi M, Saiman L. Antimicrobial 
susceptibility and synergy studies of Stenotrophomonas maltophilia 
isolates from patients with cystic fibrosis. Antimicrob Agents Chemother. 
2004;48:168–71.

48.	 Cunha BA. Doxycycline re-revisited. Arch Intern Med. 1999;159:1006–1007.
49.	 Jacobs MR, Bajaksouzian S, Windau A, et al. Susceptibility of Streptococcus 

pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis to 17 oral 
antimicrobial agents based on pharmacodynamic parameters: 1998–2001 
US Surveillance Study. Clin Lab Med. 2004;24:503–30.

50.	 Jones RN, Sader HS, Fritsche TR. Doxycycline use for community-acquired 
pneumonia: contemporary in vitro spectrum of activity against Streptococcus 
pneumoniae (1999–2002). Diagn Microbiol Infect Dis. 2004;49:147–9.

51.	 Morrissey I, Robbins M, Viljoen L, Brown DF. Antimicrobial susceptibility 
of community-acquired respiratory tract pathogens in the UK during 
2002/3 determined locally and centrally by BSAC methods. J Antimicrob 
Chemother. 2005;55:200–8.

52.	 Charles PGP, Whitby M, Fuller AJ, et al. The etiology of community-acquired 
pneumonia in Australia: why penicillin plus doxycycline or a macrolide is 
the most appropriate therapy. Clin Infect Dis. 2008;46:1513–1521.

53.	 Howden BP, Stuart RL, Tallis G, Bailey M, Johnson PD. Treatment and 
outcome of 104 hospitalized patients with legionnaires’ disease. Intern Med 
J. 2003;33:484–8.

54.	 Mandell LA, Wunderink RG, Anzueto A, et al. Infectious Diseases Society 
of America/American Thoracic Society consensus guidelines on the 
management of community-acquired pneumonia in adults. Clin Infect Dis. 
2007;44 Suppl 2:S27–S72.

55.	 Chodosh S, Tuck J, Pizzuto D. Comparative trials of doxycycline versus 
amoxicillin, cephalexin and enoxacin in bacterial infections in chronic 
bronchitis and asthma. Scand J Infect Dis. 1988;53:22–8.

56.	 De Vlieger A, Druart M, Puttemans M. Roxithromycin versus doxycycline 
in the treatment of acute exacerbations of chronic bronchitis. Diagn 
Microbiol Infect Dis. 1992;15 Suppl:123S–27S.

57.	 Lau CY, Qureshi AK. Azithromycin versus doxycycline for genital 
chlamydial infections: a meta-analysis of randomized clinical trials. Sex 
Transm Dis. 2002;29:497–502.

58.	 Karabay O, Topcuoglu A, Kocoglu E, Gurel S, Gurel H, Ince NK. 
Prevalence and antibiotic susceptibility of genital Mycoplasma hominis and 
Ureaplasma urealyticum in a university hospital in Turkey. Clin Exp Obstet 
Gynecol. 2006;33:36–8.

59.	 Skerk V, Krhen I, Lisic M, et al. Comparative randomized pilot study 
of azithromycin and doxycycline efficacy in the treatment of prostate 
infection caused by Chlamydia trachomatis. Int J Antimicrob Agents. 
2004;24:188–91.

60.	 Skerk V, Marekovic I, Markovinovic L, Begovac J, Barsic N, Majdak-
Gluhinic V. Comparative randomized pilot study of azithromycin and 
doxycycline efficacy and tolerability in the treatment of prostate infection 
caused by Ureaplasma urealyticum. Chemother. 2006;52:9–11.

61.	 Walker CK, Wiesenfeld HC. Antibiotic therapy for acute pelvic inflammatory 
disease: the 2006 Centers for Disease Control and Prevention sexually 
transmitted diseases treatment guidelines. Clin Infect Dis. 2007;44 Suppl 3:
S111–S122.

62.	 Haggerty CL, Ness RB. Newest approaches to treatment of pelvic 
inflammatory disease: a review of recent randomized clinical trials. Clin 
Infect Dis. 2007;44:953–60.

63.	 Haggerty CL, Totten PA, Astete SG, et al. Failure of cefoxitin and 
doxycycline to eradicate endometrial Mycoplasma genitalium and the 
consequence for clinical cure of pelvic inflammatory disease. Sex Transm 
Infect. 2008;84:338–42.

64.	 Bjornelius E, Anagrius C, Bojs G, et al. Antibiotic treatment of symptomatic 
Mycoplasma genitalium infection in Scandinavia: a controlled clinical trial. 
Sex Transm Infect. 2008;84:72–6.

65.	 Savaris RF, Teixeira LM, Torres TG, Edelweiss MI, Moncada J, 
Schachter J. Comparing ceftriaxone plus azithromycin or doxycycline for 
pelvic inflammatory disease: a randomized controlled trial. Obstet Gynecol. 
2007;110:53–60.

66.	 McLean CA, Stoner BP, Workowski KA. Treatment of lymphogranuloma 
venereum. Clin Infect Dis. 2007;44 Suppl 3:S147–S52.

67.	 Workowski KA, Berman SM. Sexually transmitted diseases treatment 
guidelines. MMWR Recomm Rep. 2006;55:1–94.

68.	 Workowski KA, Berman SM, Douglas JM, Jr. Emerging antimicrobial 
resistance in Neisseria gonorrhoeae: urgent need to strengthen prevention 
strategies. Ann Intern Med. 2008;148:606–13.

69.	 Raoult D. Rickettsioses and ehrlichioses. In: Mandell GL, Bennett JE, 
Dolin R, eds. Mandell, Douglas, and Bennett’s Principles and Practice 
of Infectious Diseases. Vol 2. 6th ed. Philadelphia, PE: Elsevier Churchill 
Livingstone;2005:2284–318.

70.	 Lai CH, Huang CK, Weng HC, et al. Clinical characteristics of acute Q 
fever, scrub typhus, and murine typhus with delayed defervescence despite 
doxycycline treatment. Am J Trop Med Hyg. 2008;79:441–6.

71.	 Fenollar F, Fournier PE, Carrieri MP, Habib G, Messana T, Raoult D. 
Risks factors and prevention of Q fever endocarditis. Clin Infect Dis. 
2001;33:312–6.

72.	 Rolain JM, Brouqui P, Koehler JE, Maguina C, Dolan MJ, Raoult D. 
Recommendations for treatment of human infections caused by Bartonella 
species. Antimicrob Agents Chemother. 2004;48:1921–33.

73.	 Dattwyler RJ, Volkman DJ, Conaty SM, Platkin SP, Luft BJ. Amoxycillin 
plus probenecid versus doxycycline for treatment of erythema migrans 
borreliosis. Lancet. 1990;336:1404–6.

74.	 Luger SW, Paparone P, Wormser GP, et al. Comparison of cefuroxime 
axetil and doxycycline in treatment of patients with early Lyme disease 
associated with erythema migrans. Antimicrob Agents Chemotherapy. 1995; 
39:661–7.

75.	 Karlsson M, Hammers-Berggren S, Lindquist L, Stiernstedt G, Svenungsson B. 
Comparison of intravenous penicillin G and oral doxycycline for treatment 
of Lyme neuroborreliosis. Neurology. 1994;44:1203–7.

76.	 Dattwyler RJ, Luft BJ, Kunkel MJ, et al. Ceftriaxone compared with 
doxycycline for the treatment of acute disseminated Lyme disease. N Engl J 
Med. 1997;337:289–94.

http://www.la-press.com


A review of doxycycline

Clinical Medicine: Therapeutics 2009:1	 481

77.	 Ljostad U, Skogvoll E, Eikeland R, et al. Oral doxycycline versus 
intravenous ceftriaxone for European Lyme neuroborreliosis: a 
multicentre, non-inferiority, double-blind, randomised trial. Lancet Neurol. 
2008;7:690–5.

	 78.	 Steere AC, Levin RE, Molloy PJ, et al. Treatment of Lyme arthritis. 
Arthritis Rheum. 1994;37:878–88.

	 79.	 Wong T, Singh AE, De P. Primary syphilis: serological treatment response 
to doxycycline/tetracycline versus benzathine penicillin. Am J Med. 
2008;121:903–8.

	 80.	 Suputtamongkol Y, Niwattayakul K, Suttinont C, et al. An open, 
randomized, controlled trial of penicillin, doxycycline, and cefotaxime for 
patients with severe leptospirosis. Clin Infect Dis. 2004;39:1417–24.

	 81.	 Brook I. The prophylaxis and treatment of anthrax. Int J Antimicrob 
Agents. 2002;20:320–5.

	 82.	 Jones ME, Goguen J, Critchley IA, et al. Antibiotic susceptibility of 
isolates of Bacillus anthracis, a bacterial pathogen with the potential to be 
used in biowarfare. Clin Microbiol Infect. 2003;9:984–6.

	 83.	 Enderlin G, Morales L, Jacobs RF, Cross JT. Streptomycin and alternative 
agents for the treatment of tularemia: review of the literature. Clin Infect 
Dis. 1994;19:42–7.

	 84.	 Mwengee W, Butler T, Mgema S, et al. Treatment of plague with gentamicin 
or doxycycline in a randomized clinical trial in Tanzania. Clin Infect Dis. 
2006;42:614–21.

	 85.	 Andersen SL, Oloo AJ, Gordon DM, et al. Successful double-blinded, 
randomized, placebo-controlled field trial of azithromycin and 
doxycycline as prophylaxis for malaria in western Kenya. Clin Infect Dis. 
1998;26:146–50.

	 86.	 Ohrt C, Richie TL, Widjaja H, et al. Mefloquine compared with doxycycline 
for the prophylaxis of malaria in Indonesian soldiers. A randomized, 
double-blind, placebo-controlled trial. Ann Intern Med. 1997;126:963–72.

	 87.	 Sonmez A, Harlak A, Kilic S, et al. The efficacy and tolerability of 
doxycycline and mefloquine in malaria prophylaxis of the ISAF troops in 
Afghanistan. J Infect. 2005;51:253–8.

	 88.	 Heep M, Kist M, Strobel S, Beck D, Lehn N. Secondary resistance among 
554 isolates of Helicobacter pylori after failure of therapy. Eur J Clin 
Microbiol Infect Dis. 2000;19:538–41.

	 89.	 Sanches B, Coelho L, Moretzsohn L, Vieira G, Jr. Failure of Helicobacter 
pylori treatment after regimes containing clarithromycin: new practical 
therapeutic options. Helicobacter. 2008;13:572–6.

	 90.	 Bailey RL, Arullendran P, Whittle HC, Mabey DC. Randomised controlled 
trial of single-dose azithromycin in treatment of trachoma. Lancet. 
1993;342:453–6.

	 91.	 Boulos A, Rolain JM, Raoult D. Antibiotic susceptibility of Tropheryma 
whipplei in MRC5 cells. Antimicrob Agents Chemother. 2004;48:747–52.

	 92.	 Yamamoto T, Nair GB, Albert MJ, Parodi CC, Takeda Y. Survey of in vitro 
susceptibilities of Vibrio cholerae O1 and O139 to antimicrobial agents. 
Antimicrob Agents Chemother. 1995;39:241–4.

	 93.	 Bhattacharya SK. An evaluation of current cholera treatment. Expert Opin 
Pharmacother. 2003;4:141–6.

	 94.	 Hasanjani Roushan MR, Mohraz M, Hajiahmadi M, Ramzani A, 
Valayati AA. Efficacy of gentamicin plus doxycycline versus streptomycin 
plus doxycycline in the treatment of brucellosis in humans. Clin Infect Dis. 
2006;42:1075–80.

	 95.	 Skalsky K, Yahav D, Bishara J, Pitlik S, Leibovici L, Paul M. Treatment 
of human brucellosis: systematic review and meta-analysis of randomised 
controlled trials. BMJ. 2008;336:701–4.

	 96.	 Ariza J, Gudiol F, Pallares R, et al. Treatment of human brucellosis 
with doxycycline plus rifampin or doxycycline plus streptomycin. A 
randomized, double-blind study. Ann Intern Med. 1992;117:25–30.

	 97.	 Cone LA, Leung MM, Hirschberg J. Actinomyces odontolyticus bacteremia. 
Emerg Infect Dis. 2003;9:1629–32.

	 98.	 Thibault FM, Hernandez E, Vidal DR, Girardet M, Cavallo JD. Antibiotic 
susceptibility of 65 isolates of Burkholderia pseudomallei and Burkholderia 
mallei to 35 antimicrobial agents. J Antimicrob Chemother. 2004;54:1134–8.

	 99.	 Wuthiekanun V, Peacock SJ. Management of melioidosis. Expert Rev 
Anti-Infect Ther. 2006;4:445–55.

100.	 Wallace RJ Jr, Brown-Elliott BA, Crist CJ, Mann L, Wilson RW. 
Comparison of the in vitro activity of the glycylcycline tigecycline 
(formerly GAR-936) with those of tetracycline, minocycline, and 
doxycycline against isolates of nontuberculous mycobacteria. Antimicrob 
Agents Chemother. 2002;46:3164–7.

101.	 Ramakrishna BS, Venkataraman S, Mukhopadhya A. Tropical malabsorption. 
Postgrad Med J. 2006;82:779–87.

102.	 Hoerauf A, Mand S, Adjei O, Fleischer B, Buttner DW. Depletion of 
Wolbachia endobacteria in Onchocerca volvulus by doxycycline and 
microfilaridermia after ivermectin treatment. Lancet. 2001;357:1415–6.

103.	 Hoerauf A, Mand S, Fischer K, et al. Doxycycline as a novel strategy 
against bancroftian filariasis-depletion of Wolbachia endosymbionts from 
Wuchereria bancrofti and stop of microfilaria production. Med Microbiol 
Immunol. 2003;192:211–6.

104.	 Hoerauf A, Mand S, Volkmann L, et al. Doxycycline in the treatment of 
human onchocerciasis: Kinetics of Wolbachia endobacteria reduction and 
of inhibition of embryogenesis in female Onchocerca worms. Microbes 
Infect. 2003;5:261–73.

105.	 Taylor MJ, Makunde WH, McGarry HF, Turner JD, Mand S, Hoerauf A.  
Macrofilaricidal activity after doxycycline treatment of Wuchereria 
bancrofti: a double-blind, randomised placebo-controlled trial. Lancet. 
2005;365:2116–21.

106.	 Bachelez H, Senet P, Cadranel J, Kaoukhov A, Dubertret L. The use of 
tetracyclines for the treatment of sarcoidosis. Arch Dermatol. 2001;137: 
69–73.

107.	 Mosorin M, Juvonen J, Biancari F, et al. Use of doxycycline to decrease 
the growth rate of abdominal aortic aneurysms: a randomized, double-
blind, placebo-controlled pilot study. J Vasc Surg. 2001;34:606–10.

108.	 Rebora A. The management of rosacea. Am J Clin Dermatol. 2002; 
3:489–96.

109.	 Sapadin AN, Fleischmajer R. Tetracyclines: nonantibiotic properties and 
their clinical implications. J Am Acad Dermatol. 2006;54:258–265.

110.	 O’Dell JR, Elliott JR, Mallek JA, et al. Treatment of early seropositive 
rheumatoid arthritis: doxycycline plus methotrexate versus methotrexate 
alone. Arthritis Rheum. 2006;54:621–7.

111.	 Rentschler ME, Baxter BT. Medical therapy approach for treating 
abdominal aortic aneurysm. Vascular. 2007;15:361–5.

112.	 Burrows PE, Mitri RK, Alomari A, et al. Percutaneous sclerotherapy 
of lymphatic malformations with doxycycline. Lymph Res Biol. 
2008;6:209–16.

113.	 Frenzel T, Lee CZ, Kim H, et al. Feasibility of minocycline and 
doxycycline use as potential vasculostatic therapy for brain vascular 
malformations: pilot study of adverse events and tolerance. Cerebrovasc 
Dis. 2008;25:157–63.

114.	 Chung AW, Yang HH, Radomski MW, van Breemen C. Long-term 
doxycycline is more effective than atenolol to prevent thoracic aortic 
aneurysm in marfan syndrome through the inhibition of matrix 
metalloproteinase-2 and -9. Circ Res. 2008;102:e73–e85.

115.	 Minagar A, Alexander JS, Schwendimann RN, et al. Combination therapy 
with interferon beta-1a and doxycycline in multiple sclerosis: an open-label 
trial. Arch Neurol. 2008;65:199–204.

116.	 Saikali Z, Singh G. Doxycycline and other tetracyclines in the treatment of 
bone metastasis. Anti-Cancer Drugs. 2003;14:773–8.

117.	 Smith K, Leyden JJ. Safety of doxycycline and minocycline: a systematic 
review. Clin Ther. 2005;27:1329–42.

118.	 Baxter R, Ray GT, Fireman BH. Case-control study of antibiotic use 
and subsequent Clostridium difficile-associated diarrhea in hospitalized 
patients. Infect Control Hosp Epidemiol. 2008;29:44–50.

119.	 Thiim M, Friedman LS. Hepatotoxicity of antibiotics and antifungals. Clin 
Liver Dis. 2003;7:381–99.

120.	 Rabar D, Combemale P, Peyron F. Doxycycline-induced photo-onycholysis. 
J Travel Med. 2004;11:386–7.

121.	 Shapiro LE, Knowles SR, Shear NH. Comparative safety of tetracycline, 
minocycline, and doxycycline. Arch Dermatol. 1997;133:1224–30.

122.	 Ayaslioglu E, Erkek E, Oba AA, Cebecioglu E. Doxycycline-induced 
staining of permanent adult dentition. Aust Dent J. 2005;50:273–5.

http://www.la-press.com


Holmes and Charles

482	 Clinical Medicine: Therapeutics 2009:1

Publish with Libertas Academica and 
every scientist working in your field can 

read your article 

“I would like to say that this is the most author-friendly 
editing process I have experienced in over 150 

publications. Thank you most sincerely.”

“The communication between your staff and me has 
been terrific.  Whenever progress is made with the 
manuscript, I receive notice.  Quite honestly, I’ve 
never had such complete communication with a 

journal.”

“LA is different, and hopefully represents a kind of 
scientific publication machinery that removes the 

hurdles from free flow of scientific thought.”

Your paper will be:
•	 Available to your entire community 

free of charge
•	 Fairly and quickly peer reviewed
•	 Yours!  You retain copyright

http://www.la-press.com

123.	 Kucers A, Crowe SM, Grayson ML, Hoy JF. Tetracyclines. In: The use 
of antibiotics. A clinical review of antibacterial, antifungal and antiviral 
drugs. 5th ed: Oxford: Butterworth-Heinemann; 1997.

124.	 Cohlan SQ, Bevelander G, Tiamsic T. Growth inhibition of prematures 
receiving tetracycline. Am J Dis Child. 1963;105:453.

125.	 Digre KB. Not so benign intracranial hypertension. BMJ. 2003;326:613–14.
126.	 Friedman DI, Gordon LK, Egan RA, et al. Doxycycline and intracranial 

hypertension. Neurology. 2004;62:2297–9.
127.	 Tzianetas I, Habal F, Keystone JS. Short report: severe hiccups secondary 

to doxycycline-induced esophagitis during treatment of malaria. Am J Trop 
Med Hyg. 1996;54:203–4.

128.	 Czeizel AE, Rockenbauer M. Teratogenic study of doxycycline. Obstet 
Gynecol. 1997;89:524–8.

129.	 Briggs GG, Freeman RK, Yaffe SJ. Drugs in pregnancy and lactation: 
a reference guide to fetal and neonatal risk. 8th ed. 1770–5. Philadelphia: 
Lippincott Williams and Wilkins; 2008.

130.	 Shetty AK. Tetracyclines in pediatrics revisited. Clin Pediatr. 2002;41:203–9.

131.	 Roberts MC. Update on acquired tetracycline resistance genes. FEMS 
Microbiol Lett. 2005;245:195–203.

132.	 Pumbwe L, Wareham DW, Aduse-Opoku J, Brazier JS, Wexler HM. 
Genetic analysis of mechanisms of multidrug resistance in a clinical isolate 
of Bacteroides fragilis. Clin Microbiol Infect. 2007;13:183–9.

133.	 Speer BS, Bedzyk L, Salyers AA. Evidence that a novel tetracycline 
resistance gene found on two Bacteroides transposons encodes an NADP-
requiring oxidoreductase. J Bacteriol. 1991;173:176–83.

134.	 Roberts MC. Tetracycline therapy: update. Clin Infecti Dis. 2003;36: 
462–7.

135.	 Lenart J, Andersen AA, Rockey DD. Growth and development of 
tetracycline-resistant Chlamydia suis. Antimicrob Agents Chemother. 2001; 
45:2198–203.

136.	 Koeth LM, Jacobs MR, Good CE, et al. Comparative in vitro activity 
of a pharmacokinetically enhanced oral formulation of amoxicillin/
clavulanic acid (2000/125 mg twice daily) against 9172 respiratory 
isolates collected worldwide in 2000. Int J Infect Dis. 2004;8:362–73.

http://www.la-press.com
http://www.la-press.com

