Supplementary Material: Recommendations, Implementation Considerations, and GRADE Summary of Findings
Recommendation 1:
In people diagnosed with tularemia, CDC recommends first-line antimicrobial therapy with ciprofloxacin, levofloxacin, doxycycline, or gentamicin for adults and children >1 month of age, and ciprofloxacin or gentamicin for neonates (<28 days of age). (Strong recommendation, moderate certainty)
Implementation considerations:
1.1. The choice between antimicrobials depends on severity of disease, availability of the drug, and shared decision making, including discussion of the route of administration and side effect profile.
1.2. For severe disease or when intentional release is suspected, dual antimicrobial therapy is recommended for initial treatment.
1.3. When treatment initiation is delayed, ciprofloxacin, levofloxacin, or gentamicin is preferred over doxycycline.
1.4. Treatment duration is 7-10 days for ciprofloxacin, levofloxacin, or gentamicin and 14-21 days for doxycycline.


GRADE Summary of Findings 

	Outcome
	Certainty of Evidence

	Fatality rates

	Systematic Literature Review:
870 cases from 1993 to 2023 
Fatality rates: aminoglycosides (0.7%), fluoroquinolones (0.9%), doxycycline (1.2%)
Fatality rates among patients who received monotherapy (i.e. only one effective antibiotic): aminoglycosides (1.1%), fluoroquinolones (1.2%), doxycycline (2.3%)1

U.S. Surveillance Data: 
1163 cases from 2006–2021 
Adjusted odds ratios for survival: aminoglycosides 3.9 (1.05–14.7), fluoroquinolones 5.3 (1.7–16.4), tetracyclines 4.9 (1.9–12.6)2
	Moderate certainty. Human evidence for efficacy includes primarily nonrandomized studies. The certainty can be raised due to the large treatment effect and supporting indirect evidence from numerous in vitro and animal studies.

	Serious adverse events associated with antimicrobial use

	Fluoroquinolones: Up to 1% each: cardiovascular, hypoglycemia, musculoskeletal including tendinitis and tendon rupture, psychiatric including hallucinations, and neurologic.3 Meta-analysis of 17 RCTs found higher risk of CNS- and GI-related adverse events compared with other antimicrobials (no distinction between mild, moderate, & severe adverse events though).4 

Doxycycline: review of 12 RCTs found 0-14% severe side effects or adverse events with prolonged use (>8 weeks), although 14% is likely an overestimate due to study populations with underlying conditions.5-6

Aminoglycosides: reversible nephrotoxicity and ototoxicity 10-20%. Neuromuscular blockade very rare.7-9 

	Moderate to high certainty

	Symptom resolution/infection clearance

	Systematic Literature Review:
Fever recurrence rates (≥2 days after defervescence):
· Adults treated with monotherapy or a combination of antibiotic classes: ciprofloxacin (3.9%), levofloxacin (4.0%), doxycycline (4.8%), gentamicin (4.8%)
· Adults treated with monotherapy (only one effective antibiotic class): aminoglycosides 2/93 (2.2%), fluoroquinolones 3/121 (2.5%), tetracyclines 6/134 (4.5%)
· Children <18 years old treated with monotherapy or a combination of antibiotic classes: ciprofloxacin (8.3%), levofloxacin (0%), doxycycline (6.7%), gentamicin (3.9%)
· Children <18 years old treated with monotherapy (only one effective antibiotic class): aminoglycosides 1/81 (1.2%), fluoroquinolones 2/32 (6.3%), tetracyclines 1/23 (4.4%)
Complications:
· Lymph node spontaneous rupture: aminoglycosides (6.0%), fluoroquinolones (5.5%), tetracyclines (7.8%)
· Thoracentesis/pleural effusion drainage: aminoglycosides (4.5%), fluoroquinolones (2.6%), tetracyclines (2.8%)
· Similar rates among the 3 antibiotic classes of lymph node aspiration, lymph node excision, intubation/respiratory support, and receipt of blood products during treatment.1

There are minimal human data on differences in infection clearance according to antibiotic used.  
	




GRADE Evidence to Decision Framework
	Criteria
	Judgment

	Magnitude of desirable effects
	Large

	Magnitude of undesirable effects
	Small, particularly with short-term antibiotic exposure. However, if hundreds or thousands of people receive antibiotics for treatment, the burden of undesirable effects could be substantial. There is little concern of natural development of antimicrobial resistance during treatment since human-to-human transmission and natural development of resistance has not been seen.

	Patient values
	Probably no important variability

	Cost of recommended action
	Small

	Cost effectiveness
	No studies but expected to result in small incremental cost-effectiveness ratio (ICER) or savings.

	Feasibility
	The recommended antimicrobials are feasible to administer, more so for ones administered orally. Shortages and stockpiling by the public are expected with intentional release situations. 

	Acceptability
	The recommended antimicrobials are generally acceptable to stakeholders, more so for ones administered orally. Individuals concerned about adverse events from one first-line antimicrobial can opt for one of the other recommended antimicrobials. 

	Access
	No perceived impact on medication access is anticipated when this recommendation is implemented. G6PD deficiency is more common in people of African, Mediterranean, or Asian descent and can have impact on use of fluoroquinolones. Recommending multiple options for treatment can mitigate differences in medication access better than recommending 1 or 2 preferred options if access is restricted due to shortages.





Recommendation 2:
In pregnant women diagnosed with tularemia, CDC recommends first-line antimicrobial management with ciprofloxacin, levofloxacin, or gentamicin. (Strong recommendation, moderate certainty).
Implementation considerations:
1.5. The choice between the 3 antimicrobials depends on severity of disease, availability of the drug, and shared decision-making including discussion of the route of administration and side effect profile.
1.6. For severe disease or when intentional release is suspected, dual antimicrobial therapy is recommended.
1.7. Dosage and treatment duration for ciprofloxacin, gentamicin, and levofloxacin are the same as for the nonpregnant adult population. 

GRADE Summary of Findings

	Outcome
	Certainty of Evidence

	Fatality rates

	Systematic Literature Review on Tularemia in Pregnancy:
· 52 worldwide cases from 1930 to 2023
· Majority (46%) of infections occurred during the second trimester 
· Fatality rates: no maternal deaths reported, regardless of antimicrobial treatment
· 24 (46%) patients received no antimicrobial treatment.
· 28 (54%) patients received antimicrobial treatment.1

One additional case published in 2024:
· Pregnant patient from Austria presented at 20 weeks gestation.
· Initial treatment consisted of penicillin and amoxicillin but was switched to IV azithromycin.
· She delivered a healthy child with no complications.2
	Moderate certainty. The body of evidence includes only nonrandomized studies. 


	Serious adverse events associated with antimicrobial use

	· Fluoroquinolones
· No clear association with birth defects or adverse effects in human pregnancy. In some animal studies, fluoroquinolones have been shown to be toxic to developing cartilage, but adverse events related to connective tissue have not been identified among humans.3-5
· Gentamicin
· Ototoxicity and nephrotoxicity in the fetus are theoretical possibilities, but these have not been documented clinically.3 
	Moderate to high certainty

	Symptom resolution/infection clearance

	Among the 23 patients treated with effective antimicrobials identified in the pregnancy systematic review:
· 8 (35%) required lymph node aspiration
· 9 (39%) required lymph node excision
· 1 (4%) experienced spontaneous lymph node rupture1

Among the 29 remaining patients not treated with effective antimicrobials:
· 2 (7%) required lymph node aspiration
· 4 (14%) required lymph node excision
· 4 (14%) experienced spontaneous lymph node rupture1
Note these data are likely biased by differences in disease severity and other factors. Furthermore, missing data on timing of treatment and low case numbers limit interpretation.

	Low certainty

	Maternal-fetal outcomes

	· Of the 23 patients who received effective antimicrobials, 1 experienced pregnancy loss
· This was a spontaneous abortion that occurred in a patient treated with streptomycin >2 months after illness onset. Pathologic examination of the fetus and placenta showed no evidence that the pregnancy loss was due to streptomycin therapy.1 
· Among 24 untreated patients, there was 1 pregnancy loss, 3 fetal deaths, and 1 birth defect
· One of the losses was associated with possible transplacental transmission: organisms consistent with F. tularensis were identified on fetal autopsy in the placenta and spleen.6
· There was one case of hydranencephaly reported. However, the unclear timing of the mother’s illness, as well as a history of alcohol abuse throughout the first trimester, make any association between maternal infection and hydranencephaly questionable. F. tularensis testing of the infant yielded negative results.7 
	Low certainty


GRADE Evidence to Decision Framework

	Criteria
	Judgment

	Magnitude of desirable effects
	Large

	Magnitude of undesirable effects
	Small, based on the safety profiles of ciprofloxacin, levofloxacin in animal studies, and gentamicin use during pregnancy. 

	Patient values
	Probably no important variability

	Cost of recommended action
	Small

	Cost effectiveness
	No studies but expected to result in small ICER or savings.

	Feasibility
	The recommended antimicrobials are feasible to administer, more so for ones administered orally. Shortages and stockpiling by the public are expected with intentional release situations. 

	Acceptability
	The recommended antimicrobials are generally acceptable to stakeholders, more so for ones administered orally. 

	Access
	No perceived impact on medication access is anticipated when this recommendation is implemented. G6PD deficiency is more common in people of African, Mediterranean, or Asian descent and can have impact on use of fluoroquinolones. Recommending multiple options for treatment can mitigate differences in medication access better than recommending 1 or 2 preferred options if access is restricted due to shortages.





Recommendation 3:
For post-exposure prophylaxis (PEP) for adults and children potentially exposed to F. tularensis, CDC recommends using ciprofloxacin, doxycycline, or levofloxacin for nonpregnant adults, children, and neonates, and ciprofloxacin or levofloxacin for pregnant women. (Strong recommendation, moderate certainty)
Implementation considerations:
1.1. PEP should not be delayed if the preferred antimicrobial is not immediately available. Providers should begin prophylaxis with an available alternative antimicrobial until the preferred therapy is available. 
1.2. PEP duration is 7 days for ciprofloxacin and levofloxacin and 10-14 days for doxycycline.

GRADE Summary of Findings

	Outcome
	Certainty of Evidence

	Efficacy of post-exposure prophylaxis

	Controlled trial with tetracycline PEP: 
29 Macaca mulatta were exposed to aerosolized Schu S4 and provided the first dose of tetracycline prophylaxis (200 mg) 24 hours after exposure. Tetracycline was given for 13 days, and survival was assessed 70 days after exposure.
· 0/5 animals who received tetracycline every 24 hours died.
· 1/ 6 animals who received tetracycline every 36 hours died.
· 1/6 animals who received tetracycline every 48 hours died.
· 0/6 animals who received tetracycline every 72 hours died.
· 0/6 animals who received an intermittent tetracycline schedule (days 1-3, 6-8, and 11-13 died.1

Controlled trial with doxycycline PEP: 
White mice exposed to aerosol LD50 (ALD50) were given PEP with doxycycline. 
· All 9 mice given doxycycline (4.8 mg/mouse/day) starting the day after exposure x7 days survived. 
· Survival decreased to 8/9 (89%) mice when therapy started 3 days after exposure, duration of therapy decreased to 3 days, or therapy was decreased to 0.2 mg/mouse for 7 days. 
· 89% of mice survived higher exposure (100 ALD50) when therapy was 2.5 mg/mouse/day for five days, starting 2 days after exposure. 
· Survival was reduced with higher exposure levels or different initiation dates, doxycycline dosages, and duration combinations. 
· Optimal duration of PEP was 6-8 days for doxycycline. PEP with doxycycline was ineffective after high dose exposure (10,000 ALD50).2

Controlled trial with fluoroquinolone PEP: 
240 female BALB/c mice were exposed to F. tularensis type A Schu S4. The mice were given prophylaxis with 100 mg/kg of ciprofloxacin, gatifloxacin, or moxifloxacin twice daily for 14 days starting 6 hours post-exposure. Survival was assessed 42 days after exposure.
· There was no significant difference in survival between ciprofloxacin (94%), gatifloxacin (100%), and moxifloxacin (100%). 
· When started 24 hours post-exposure, survival of mice treated with ciprofloxacin (67%) was significantly lower than gatifloxacin (96%) and moxifloxacin (100%). 
· All ciprofloxacin-treated mice were culled due to disease severity when therapy was initiated 48 hours post-exposure.3
	High certainty

	Serious adverse events associated with antimicrobial use

	Fluoroquinolones: Up to 1% each: cardiovascular, hypoglycemia, musculoskeletal including tendinitis and tendon rupture, psychiatric including hallucinations, and neurologic4 Meta-analysis of 17 RCTs found higher risk of CNS- and GI-related adverse events compared with other antimicrobials (no distinction between mild, moderate, & severe adverse events though).5

Doxycycline: Review of 12 RCTs found 0-14% severe side effects or adverse events with prolonged use (>8 weeks), although 14% is likely an overestimate due to study populations with underlying conditions.6-7 (Pregnancy considerations are not included here since doxycycline is not a first-line PEP recommendation for pregnant women.)
	Moderate to high certainty

	Infection clearance

	Controlled trial with tetracycline PEP: 
34 human volunteers nasally inhaled Schu S4 and received prophylaxis with tetracycline starting 24 hours after exposure. 
· 2/10 individuals who received tetracycline (1 g/daily) for 14 days became ill after PEP ended.
· 8/8 individuals who received tetracycline (1 g/daily) for 28 days remained well after PEP ended.
· 8/8 individuals who received 2g/daily tetracycline for 14 days remained well after PEP ended. 
· Of the 8 people who received tetracycline (1 g) every other day for 19 days, 2 became ill during PEP and all 8 were ill after PEP ended.1

Controlled trial with tetracycline PEP: 
29 Macaca mulatta were exposed to aerosolized Schu S4 and provided the first dose of tetracycline prophylaxis (200 mg) 24 hours after exposure. Tetracycline was provided for 13 days, and the monkeys were observed for 70 days.
· Of 5 animals receiving tetracycline every 24 hours, 1 developed illness during PEP and all 5 became ill after tetracycline was stopped. 
· Of the 6 receiving tetracycline every 36 hours, all animals remained well during PEP and 4 became ill after tetracycline was stopped. 
· Of 6 monkeys receiving tetracycline every 48 hours, all became ill during PEP.
· Of the 6 animals who received tetracycline every 72 hours, all became ill during PEP.
· Of the 6 monkeys who received an intermittent tetracycline schedule (days 1-3, 6-8, and 11-13), 4 became ill during PEP.1


	Moderate to high certainty




GRADE Evidence to Decision Framework
	Criteria
	Judgment

	Magnitude of desirable effects
	Large

	Magnitude of undesirable effects
	Small, based on the safety profiles of ciprofloxacin, levofloxacin, and doxycycline use in the general population and during pregnancy. However, if hundreds or thousands of people receive antibiotics for treatment, the burden of undesirable effects could be substantial.

	Patient values
	Likely small

	Cost of recommended action
	Small

	Cost effectiveness
	No studies but expected to result in small ICER or savings.

	Feasibility
	The recommended antimicrobials are feasible to administer. Shortages and stockpiling by the public are expected with intentional release situations. 

	Acceptability
	The recommended antimicrobials are generally acceptable to stakeholders. 

	Access 
	No perceived impact on medication access is anticipated when this recommendation is implemented. G6PD deficiency is more common in people of African, Mediterranean, or Asian descent and can have impact on use of fluoroquinolones. Recommending multiple options for treatment can mitigate differences in medication access better than recommending 1 or 2 preferred options if access is restricted due to shortages.
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