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•Not indicated for general U.S. population

•Indications
• Risk of unrecognized exposures
• Potential for high potency or unusual exposures
• Opportunities for frequent contact with potentially rabid mammals
• Travel to canine rabies endemic country without timely access to 

acceptable PEP

•Minimum acceptable antibody level is the target for level for:
• Primary immunogenicity 2-4 weeks after completion of primary 

vaccination schedule
• Maintenance antibody level checks

PrEP and minimum acceptable 
rabies antibody level
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3 risk 
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Proposed revisions



•Indicates successful primary PrEP series

•Used to monitor for evidence of immunity

•Current minimal antibody levels differ between ACIP and WHO
• Causes confusion
• Levels difficult to interpret

Why do we care about minimal 
antibody levels?



• Kansas State University is one of 3 places that 
perform rabies serology testing

• Inordinate amount of time and energy spent 
on explaining interpretation of test results

• Websites for all 3 places provide detailed 
information because of the frequency asked 
questions



•Rabies is 100% fatal

•It is preventable with vaccines

•High circulating antibody against virus glycoprotein is key to 
survival after rabies virus exposure

• Human challenge studies are not feasible or ethical
• Animal rabies vaccine challenge studies are used surrogates

•No definitive titer is known to be universally protective 

Antibody level and protection



Minimum Rabies Virus Neutralizing 
Antibody (RVNA) level associated 
with survival in animals
T.O. Bunn and H.D. Ridpath, 1984: Using statistical analysis of pre-
challenge titers and survival:
• 1:17 titer, ~0.2 IU/mL = 95% survival rate
• 1:44 titer, ~0.5 IU/mL = 99% survival rate

Other summary studies in dogs, cats and wildlife gave similar results 
regarding practical significance of rabies antibodies, also commenting 
strongly on the variability of the test method. 



Current ACIP and WHO RVNA cut-off 
values for adequate vaccine response
•World Health Organization (WHO)

• 0.5 IU/mL

•ACIP
• Minimum acceptable antibody level is “complete neutralization at a 

1:5 serum dilution by the rapid fluorescent focus inhibition test 
(RFFIT)”
• Loosely converts to anywhere from 0.1-0.3 IU/mL
• No cases of rabies have occurred in the US with this cut-off

• Misleading because many factors contribute to survival
• Recommends rabies serology results be reported in IU/mL, but 

does not provide relationship of the recommended level to how 
results are reported. It is neither a titer value or an IU/mL value.



Agency/Year
Booster vaccination recommended if level is 
below: Method of Testing:

WHO
1992 0.5 IU/mL MNT or RFFIT; ELISA only with caution

2005 0.5 IU/mL RFFIT or FAVN; ELISA if RFFIT not available

2013 0.5 IU/mL RFFIT or FAVN; ELISA

2018 0.5 IU/mL RFFIT or FAVN; ELISA
ACIP

1976 None, boosters recommended every 2 years None stated

1980 1:16 titer or booster every 2 years RFFIT

1984 1:5 titer per CDC; 0.5 IU/mL per WHO RFFIT

1991 1:5 titer * RFFIT

1999 Complete neutralization at a 1:5 serum dilution† RFFIT

2008 Complete neutralization at a 1:5 serum dilution‡ RFFIT

*Recommended response 2-4 weeks after either pre- or post-exposure vaccination is complete neutralization at a 1:25 serum dilution which is 
equivalent to the WHO level of 0.5 IU/mL

†Recommended response 1-2 weeks after post-exposure vaccination is complete neutralization at a 1:5 serum dilution

‡RVNA titer most properly reported according to a standard as IU/mL

The ACIP cut off value is confusing and hard to interpret against the RFFIT 
value reported for determination of booster vaccination.

Mouse Neutralization Test=MNT; Rapid Fluorescent Foci Inhibition Test=RFFIT; Fluorescent Antibody Virus Neutralization= 
FAVN; Enzyme Linked ImmunoSorbant Assay=ELISA



Test conditions cause variability in 
Rapid Fluorescent Focus Inhibition 
Test (RFFIT) titer results
A titer is the serum dilution that neutralizes a standard dose of live rabies 
virus. 
• Titer values are variable due to the inherent variability in cell based serological 

assays. Virus, antibody and cells are all affected by multiple conditions that are 
difficult to control such as pH, temperature, humidity etc.

Factors causing titer variability of test samples will affect the reference 
serum titer similarly. 
• Each time a test is run a unique set of variable are at play and will affect all 

sample titers in the same manner, including the reference serum

Solution to variability:  Reporting RFFIT results in International Unit per mL 
(IU/mL)



IU/mL value calculation from the RFFIT Test Data

50% End Point Titer determination
• Number virus positive fields per 20-field count
• Calculate titer value using Reed and Muench formula to obtain the 50% 

endpoint titer:

11

• The ACIP cutoff level of complete neutralization at a 1:5 
serum dilution calculates to a 1:11 titer value

• Formula to convert titer to IU/mL:   
• Sample serum titer value X  IU/mL of the Reference serum (2 IU/mL) 

Reference serum titer value

Example: 50/200 X 2.0 IU/mL = 0.5 IU/mL

The ACIP level (1:11 in titer value) can range in IUs from 0.1 to 0.3 in IU/mL 



RVNA result
Rabies Vaccine Boost 

Recommendation

Titer IU/mL ACIP 1:11
WHO 

0.5IU/mL

Lab A 
Low Challenge

Virus Dose
10 TCID50

Mary 1:24 0.2 NO YES
John 1:90 0.6 NO NO
Reference Serum 1:300 2.0
Negative Serum 1:2 0.0

Lab B

Medium 
Challenge Virus 

Dose
50 TCID50

Mary 1:10 0.2 YES YES
John 1:37 0.6 NO NO
Reference Serum 1:125 2.0
Negative Serum 1:2 0.0

Lab C

High Challenge
Virus Dose
100 TCID50

Mary 1:4 0.2 YES YES
John 1:10 0.6 YES NO
Reference Serum 1:35 2.0
Negative Serum 1:2 0.1

Practical example of the benefit of using IU/mL versus titer--

Conclusion: In different labs, titer results are different but results in IU/mL is the same 
between labs, thus the recommendation for vaccine booster or not is the same

Virus dose



False Positive Titer Results
IU/mL Study 1 Study 2 Study 3 Average
>/=0.1 2.4% 4.3% 1.3% 2.7%
>/=0.2 1.2% 2.9% 0.8% 1.6%
>/=0.3 1.2% 2.9% 0.4% 1.5%
>/=0.4 0.0% 0.0% 0.4% 0.1%

The ACIP cut-off range for RFFIT (as converted to IU/mL) represents the 
lower limits of quantitation in most laboratories and can overlap with 
non-specific neutralization (false positives)

Lower Limits of Rabies Antibody Detection

Results are from 3 clinical trial studies, samples drawn before vaccination (day 0) samples
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Rabies Titer checks at Veterinary Conferences and Schools

% of people 
with RVNA 
>0.5 IU/mL

% of people 
with RVNA >
ACIP cut-off

% people 
needing a 
booster at 
ACIP cutoff

% of people 
needing a 
booster at 0.5 
IU/mL cutoff

Fold increase of 
people needing 
a booster if cut-
off changes

Las Vegas 2000 62 78 22 38 1.7
Boston 2001 76 89 11 24 2.2
Nashville 2002 77 89 11 23 2.1
Denver 2003 86 95 5 14 2.8
Philadelphia 2004 88 97 3 12 4.0
Minneapolis 2005 82 94 6 18 3.0
Dallas 2008 95 99 1 5 5.0
Dallas 2015-2018 93 98 2 7 3.5
6 Vet Schools 2005-2014 80 97 3 20 6.7

Implications for a change in antibody cut-off level for 
adequate response to vaccination

On average 2.5-fold increase (range 1.7 – 6.7) in people 
recommended a booster between current ACIP cut-off and 0.5 IU/mL



• 0.5 IU/mL is robustly associated with survival from challenge
• 0.5 IU/mL is the RVNA level that assures minimal false positives in 

the RFFIT

•The IU/mL unit of measurement
• Is more precise and accurate among and within laboratories 

performing titer checks globally
• Is understandable in relation to how results are reported
• Major labs already report RFFIT results in this unit.

Summary: 0.5 IU/mL is a better alternative to 
the current ACIP cut-off



Proposal: Change cut-off from ‘complete 
neutralization at a 1:5 serum dilution’ 
(~0.1-0.3 IU/mL) to 0.5 IU/mL
Advantages:
• Reduces confusion for high stakes infection
• Increase in precision and accuracy of RVNA results within and 

between laboratories
• Decreased risk in reporting false RVNA positive results
• A more robust level that accounts for method variability

Disadvantages: 
• Based on previous RVNA antibody monitoring data more 

people would be recommended to receive a booster 
vaccination.
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