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Why do oral or IV to oral?

Cost-----$1-5,000/week in hospital or with Home Health
PICC line charge=$2800 charge, $776 reimbursement

Decrease in Central Line complications-15% in some studies
-infections, thrombosis, phlebitis
introductions of new organisms

Patients can return to normal activities earlier and easier
and overall have a healthier environment.

What is data that says it is or can be equally effective?



Used in Pediatrics for osteomyelitis, endocarditis, etc.
since 1970’s, as much because it allowed children to 
continue school and was safer to do at home than IV .

But few studies in adults  as IV therapy was traditional

and an Infectious Disease Physician in private practice often
used OPAT (Outpatient Parenteral Antibiotic Therapy) as a 
profit center for his practice and it is a good means of giving
close follow up and insurance covered it.

I became interested in it and got our Pharm. D program 
involved while at Brackenridge, the County Hospital, 
in Austin



Drug Companies with new IV drugs would not fund  IV therapy
followed by an oral generic product, or a different class
of drug
It would make study design  difficult if failure or success 
occurred-Which drug had the major effect?
*** and all new drugs only have to show “non-inferiority” to its 
most similar competitor, not to any older drug.

Miles Labs were first company to demonstrate that 
Pseudomonas Osteomyelitis could be treated with parenteral,
then conversion to oral ciprofloxicin when patient was eating and 
stable

In recent years, Linezolid for MRSA and VRE, IV then to oral has 
also been shown to be equally efficacious. 



So what about studies that go from IV to oral with a similar
class of drug, ex Oxacillin or Nafcillin IV to dicloxicillin po.

Or, from Vancomycin to po Clindamycin, or Trim Sulfa, 
or Linezolid for MRSA

Or from Oxacillin or Ancef to high dose Cefuroxime or Cefdinir  
(Omnicef), both with  good Pharmacokinetics,  bioavailability, and  
antimicrobial activity  against MSSA.
*****-But not  Keflex – Cephalexin or  other 1st Gen oral 
cephalosporins !!

Not many: Drug companies cannot afford to show that a short 
course of their new drug can give good results when converted
quickly to a less expensive  oral generic antibiotic.



No company that made IV synthetic penicillins studied conversion 
to high dose comparable drugs  -had short half lives- q 4hr dosing 
without benemid (probenecid):   Methicillin was generic, Oxacillin 
and Nafcillin IV were  ending patent period.

Oral Nafcillin, Oxacillin, Dicloxicillin, Cloxicillin po were only 
studied to get  indication  for Skin and Soft Tissue infections at 
250 or 500mg  q 6 hours, i.e. 1-2 grams/d, not at 6-12 grams/d to 
get comparable steady state levels-Remember those doses!!

There were no good first generation oral cephalosporins
Keflex, Duracef, Ultracef, etc. all with high MIC90%s,8-10 mc/ml for 
Staph- Blood levels 3-6 mcgm/ml  ---***(but not noted by the 
companies in their marketing)

Cefuroxime axetil (Zinocef  iv), Ceftin po, was comparable to 
Ancef (cefazolin) but company only wanted to invest in Pedi
URI-ENT indications for marketing oral form at low dose.



There were good drugs with potential for IV to PO
:
Trimethoprin-Sulfamethoxazole had great kinetics, well absorbed, 
was  broad spectrum, with good ratios of blood and tissue levels 
including CNS,  for MSSA, MRSA,  most Strep, Gram negative rods 
except Pseudomonas
-Became drug of choice in pediatric MRSA meningitis

But only had 3 years to go on patent when first marketed and the 
only company studied oral indication was for urinary tract infection

Clindamycin HCl had both  IV and po, but MRSA was not a problem 
when developed. Developed only as an anaerobe drug for 
abdominal sepsis with IV aminoglycosides ,
and po, got the usual Skin and soft tissue indication, but the early 
association with pseudomembranous colitis  doomed it until we 
needed an alternative to vancomycin  for MRSA.



Oral Bioavailability*(*may vary due to 

dosage, DDIs, DFIs, formulation, fasting or 

not, patient-specific variable or other)

<50%     Acyclovir (15%), Amoxicillin-

clavulanic acid (30%), Azithromycin (40%), 

Cefixime (45%), Cefuroxime axetil (40%), 

Penicillin V (25%)

50-75% Amoxicillin (75%), Ampicillin 

(50%), Cefpodoxime proxetil (50%), 

Delafloxacin (60%), Dicloxacillin (70%), 

Valacyclovir (55%), Valganciclovir (60%)

>75% Ceftibuten (80%), Ciprofloxacin

(80%), Clindamycin HCl (90%), 

Doxycycline (>90%), Fluconazole (>90%), 

Isavuconazonium sulfate (95%), 

Levofloxacin (100%), Linezolid (100%), 

Metronidazole (80%), Minocycline HCl 

(90%), Moxifloxacin (90%), Rifampin

(90%), SMX-TMP (95%), Tedizolid (90%), 

Voriconazole (95%)

Most drugs have good
bioavailability



As previously stated, Ciprofloxacin was first drug  to have the company 
study IV to oral in treatment  of Pseudomonas osteomyelitis,
and started the  commercial interest

Now the new drugs being developed, some old, like Minocycline, 
now with an IV form , and  a new tetracycline, Omadocycline,
which has IV to PO studies and covers MRSA and enterococus, 
and many Gram Negatives, 
as do the Gram positive spectrum quinolones  Like levofloxacin, 
moxifloxacin, and the new delafloxacin which has MRSA and 
Pseudomonas coverage, but both new drugs are > $150/ day. 

Moxifloxicin has recently gone generic, 20x better than levofloxacin
But not on any easily available sensitivity panel for our micro labs
.



One Company tried in late 60’s-early 1970’s, but resulted in a 
significant failure of IV to oral occurred and noted at Wilford Hall Air 
Force Base in San Antonio in early 1970’s 
with a first-generation cephalosporin  named Cephradine in 
treatment of Staph endocarditis.

Blood levels were the same as cefazolin:  Reliable or mean blood of 
20mic/ml   with 1gm q 8, 3-40 mic/ml with 2gm q 8 hr IV 
And 1gm po cephradine→mean blood level of 8-10mic/ml.

The problem was that there was an assumption that 
Cephradine was equal to  Cefalothin in Kill power, but it was not:

MIC 90% of MSSA to Cephalothin(Keflin) was <0.5 micrograms/ml
Mic90% of MSSA to  Cephradine was   8-12 micrograms/ml
SO,---→ back to Cephalothin with no oral equivalent



BUT,
To get a new oral antibiotic to market, studies done are only

for skin and soft tissue infections, and community acquired 

pneumonias, and URI’s. 

Costs  $500 to 900 million dollars to get drug to market,

thus, the high cost of new antibiotics, ---now mostly

developed by  small startup companies. It is up to  our

judgement based on knowledge and experience to develop

studies, or for us grunts in the field, to choose reasonable 

treatment regimens for more serious conditions.



Comparison of old and new in Skin and soft tissue 
infections – observed clinical response
in  Phase 3 or 4 studies

Trim-sulfa  vs  Clinda        omadocycline vs linezolid          delafloxacin vs       vanc –
DS q12           300q8                                                                                           azthreonam IV 

78.3%           83.3              85                     82.1                      81.3                     84.1
(Did not 

include 
Amoxicillin for

added Strep
coverage)

Cost*                  $16-25      $1600                $55-1077                   $1600                     IV
<$20/10d     

*Good RX Pricing
Moxifloxicin is good  to switch to if have only MSSA, gets only about 25% 
Doxycycline = to or slightly better than Trim sulfa but noted lack of some strep coverage
In a UT SW med school in 2007 but no statistical difference AAg&Chemotx 51(7) 2628 
AmJ med2010 123 (10) p942 Tr-Sulf 91%,> Clinda > Cefalexin 74% response                                                          



Many prominent infectious disease physicians reviewed 

and recommended oral switch IV to po or po alone for

serious infections  if good micro, kinetics (absorption), monitoring

But he was a Pediatrician so didn’t get picked up in adult ID
And drug companies were developing IV only antibiotics



Back to Basics:

How can we evaluate the antimicrobial effect 
of an antibiotic ?

What is the “Kill ratio”?

Easier for me to understand than AUC (area 
under curve)



For penicillins, cephalosporins

Same for tetracyclines

Need to know tissue levels relative  to mean blood levels





For Staph aureus (MSSA)  Keflex –Cephalexin- had
MIC 90% of 12 mcgm/ml according to their company brochure

With mean blood levels of 6 mcgm/ml= Kill ratio of 0.5 or 1:2 in blood
with tissue levels expected of only 1-3mcgm/ml= kill ratio of  <0.25= 1:4

--not the 4:1 you would like !!!

i.e. the same problem that the earlier cephalosporin, cephradine, had when
that company developed a n IV form from an earlier generation cephalosporin
without it having the “kill ratio” of cephalothin (Keflin), the first broadly 

used IV cephalosporin.

As a historical note: I was blacklisted as a  speaker for the company which
made Keflex 
because I used it as my model to demonstrate the difference
between its “Kill ratio” and that of po Cloxacillin or Cefuroxime.

Thus my interest in IV to PO conversion to achieve good “kill ratios” began
In the early 1970’s  and I was able to expand that in Austin.



We published our results from my Austin experience from 1976 to 
1986 in 1987.

The key was a good Phar D program, a good lab at Brackenridge 
Hosp that could do the old serum cidal test, and early on  after my 
moving there as the only ID in town, two physicians with  sons 
with acute Staph osteomyelitis who didn’t want to miss school.

First was 21 yo with rt femur MSSA osteo, 12 grams oxacillin/d IV
Switched to 8 grams/d Cloxicillin po + 1 gram probenacid at
one week so he could go to medical school-became Chief of
Heme-Onc at  Univ of Arizona. Tx period 42 days

Second was 9 yo son of a classmate and orthopedic surgeon
with MSSA sternal osteomyelitis, just when school was about to 
begin- 6 grams/d IV Oxacillin x1 week, then 6 weeks cloxacillin po+ 
probenecid to decrease renal excretion.



JID black



We measured  Serum Bactericidal levels at trough
For our IV drug, for ex., patient on 2 gm q 4-6 Nafcillin,

Switched to po cloxicillin 2 gm q 8 for 24 hours,(+benemid)

Drew blood for  serum cidal level at  6 and 8 hours post 
Dose, then back to IV pending cidal levels.

Target was 1:8 serum cidal at trough, 
and picked the  po dosing interval that achieved that,
Or raised dose and retested.
Trough levels at equal interval usually better with po >IV

TODAY-Only vancomycin has easily measurable blood levels
Most micro labs, now automated, don’t know what a “cidal” test is
.
Measured sulfa levels-now available through reference labs



What was Toxicity with high dose oral in our study group?

--2 persons with mild diarrhea-Cause was lactose intolerance

when they started drinking  large amounts of milk for 

their heartburn that was associated with the probenecid

--21 patients, two relapsed and had sequestra of dead bone 

removed, and then did well.. One with prosthetic joint 

Infected relapsed, joint replaced, retreated.



That paper didn’t stimulate anything. Adult ID’s suggested it, as below



And again, 10 years later,



So, more reviews in 2006

But the future had not arrived yet!!



Even these authors, experts in their field, made same mistake

that Air Force had, assumed all oral first generation oral 

Cephalosporins had MIC’s equal to IV Cephalothin (Keflin) or 
Cefazolin (Ancef), and that usual recommended doses 

for skin and soft tissue infection (cellulitis)of 1-3gm/day was

somehow equal to 6-8 grams of IV Cefazolin for MSSA



And it is still true 40 years later, see below 
excerpt from new ID Pharm D
antibiotic stewardship newsletter



For IV to PO conversion to be successful, 
comparable blood and 
tissue levels, and, thus, 
comparable killing power 
have to be expected to be achieved!!



Older Antibiotics for oral conversion from IV:
For MSSA-
Dicloxicillin, oxacillin, cefuroxime, cefdinir,  at 4-8 higher doses

plus possibly probenecid 
or Trim-Sulf, Clinda, Moxifloxicin

For MRSA-IV Vanc or other “me, toos”,  to Trim-Sulfa, or Clindamycin, 
or Doxycycline, or Linezolid.  new are omadocycline,  Delafloxicin

Strep- Amoxicillin or 2nd gen oral cephalosporin's or Macrolides
Clarithromycin is the best

Gram neg aerobic – trim-sulfa or fluroquinolone 
Pseudomonas- Ciprofloxicin, or Delafloxacin ($$$)if sensitive

Resistant Gram neg- Fosphomycin- we will discuss more
-Minocycline, 

VRE-Linezolid IV to Linezolid p.o. (now off patent), tedizolid $$$



• Ordering Higher p.o. doses than usual in serious infections requiring long term TX

applies only to Penicillin and cephalosporin class

• Basically you give as high or almost as high oral dose as you would IV

• Or use lower and/or less frequent  dosing plus probenecid to delay renal excretion.

• Examples:

• Instead of 3 gms Nafcillin q 6 hr. IV,   give 2gm dicloxacillin q 6- 8 hr po 

• + 1/2 of  500 mg probenecid  q 12

• at$ 0.70/500mg cap = $ 12/day 

• instead of 2 gm Cefazolin IV q 8hr, give 1.5 grams of Cefuroxime axetil

• 3- 500mg =1.5 gm Cefuroxime po q 8 

• at $1.00-2.00/tablet x 9/d = $9-18/day

• Or at need for 20 million =+/- units Penicillin/ day  IV(1000mg=1.6 million units) at 

• 3 grams IV q 4-6 hr

• or if on 12-18 grams of Unasyn (ampicillin-sulbactam)

• instead give  8- grams/d po  of Amoxicillin 500mg

• and add Amoxicillin/clavulanate at 1- 875 mg q 12

• as only need that 125mg of beta lactamase inhibitor bid to get

• needed anti anaerobe effect,  otherwise gives bad diarrhea



Minimal Cost of other oral Antibiotics at IV to PO at therapeutic dosing for osteomyelitis, septic joints, or endocarditis , 

Minimal Cost of other oral Antibiotics at IV to 
PO at therapeutic dosing for osteomyelitis, 
septic joints, or endocarditis , etc

Minimal Cost of other oral Antibiotics at IV to PO 
at therapeutic dosing for osteomyelitis, septic 
joints, or endocarditis , etc Minimal Cost of other 
oral Antibiotics at IV to PO at therapeutic dosing 
for osteomyelitis, septic joints, or endocarditis , 
etc

What is minimal cost of the available antibiotics that can be used effectively 
for prolonged IV to PO Conversion?  ( using Good RX pricing with coupon

at different pharmacy chains) 
reg      10 day course                                    $$  daily high dose

Diclox 500qid- $28-405                                                         4q8= $6 or >                
Amox 500tid- $4-10                                                               4q8=  $5 or>
Cefuroxime 500q8- $20-30                                                   3q8=$9-18  

Above need higher dosing for serious deep infections
Amox-Clav 875 bid $12-25  added to Amox 1q12= $2

Clindamycin 300 tid--$16-25- may need higher                 2q8=$3-6/d                      
dose for serious infections

use regular dosing
Trim-sulfa DS q 12-- $4-12                                                     1q12=$1                
Doxycycline 100q12-$11-$30                                                  1q12= $1-2                                  
Omadocycline 450mg load, 150mg mg bid daily      

–price not listed but about $1650                                      1q12 >$150
Levofloxicin 500 q 12  - $15-80                                                1q12= $2                           
Moxifloxicin 400 qd-$25-94 (WG) (now generic)                   1q24=$3-45
Gemifloxicin 300 qd-x7d $300                                                    1qd=$50                                                    
Delafloxicin 450 q 12- not listed- but about $1600                1q12 >$150
Rifampin 300bid  $20-$40                                                            1q12=$2-4



Clindamycin  dosage IV is 900 mg q 8 IV and 
may probably should be given PO at  more than the usual 300 mg q 8 hr. if 
used for serious infections,  600q 6 or 8 hours

And po minocycline has been given safely at 600 mg/d for acinitobacter
infections with IV to po conversion rather than 100 mg bid

( so probably true for Doxycycline)

In very obese  or large persons it may be reasonable to use  mg/kgm dosing 



2020   --The future has finally arrived, MAYBE??

Now there are two large recent studies from Europe 

that show efficacy of IV to PO conversion

in endocarditis, septic joints, including prosthetic,

and osteomyelitis in adults



NEJM-2019;380; 425-436



NEJM-2019;380; 425-436







Rifampin often Rc as an addition because of biofilm effect in vitro,
but no good clinical data to support 

i.e. made no difference



______________________________Favors PO                 Favors IV____________





Conclusion:



Vol 380 415-424





Used only 4 grams/d Dicloxicillin, rather than 8
Otherwise std doses of other antibiotics







DOSES:
Diclox 1 gmq6
Amox 1gm q6
Rifampin 0.6gm q 12
Linezolid 0.6 q12
Clinda 0.6 q8
Moxiflox 0.4 q 24
Fusidic acid 0.75 q12







NEJM – 2019 Vol 380 415-424



Conclusion ? On use of oral antibiotics rather than IV

They work and are proven useful and are safer than IV   

Need self responsible patients who can eat

Assure  that they receive enough  the drug 
for the time period they need to take them with easy refill,
esp. indigent patients, at the proper high doses needed
****Cell phone alarms make great reminders to take meds.

Same  close monitoring (like follow CRP for decrease
in inflammatory response with treatment whether IV or oral)

And follow for any signs of malabsorption or intolerance
which could effect efficacy.



Do we have time for more?


