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TEST SUMMARY 

 
TITLE: Evaluation of Viral Elimination from a Solid Surface Material by 

Bleach or Alcohol – Human Immunodeficiency Virus Type 1 (HIV-1) 
 
STUDY DESIGN: This study was performed according to the signed protocol and 

project sheet(s) issued by the Study Director (See Appendix). 
 
TEST ARTICLES: Diluted bleach (0.5% sodium hypochlorite), prepared 12/07/18 using 

Clorox Bleach, Lot No. E618309 MD2311 and Sterile Deionized 
Water, NL No. 1218-18; assigned DS No. I681a 
 
70% Isopropanol (IPA), prepared on 12/07/18, NL No. 1220-18; 
assigned DS No. I681b 
 

TEST SURFACES:    
                             

TEST SURFACE NAME LOT NO. RECEIVED 
DATE 

ASSIGNED 
DS NO. 

HI-MACS® 3854 11/29/18 I681 

 
 
SPONSOR:   LG Hausys Ltd. 

One IFC 10 Gookjegeumyoong-Ro, 
Yeongdeungpo-Gu 
Seoul, 150-876, Korea 
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TEST CONDITIONS 

 
Challenge virus: 
 

Human Immunodeficiency Virus Type 1, strain: IIIB, source: ZeptoMetrix 
 
Host:   
  C8166 cells, source: University of Pennsylvania  

         
Disinfectant treatment procedure: 
 

Each contaminated test surface was submerged in disinfectant and held for 
30 seconds. Excess disinfectant was drained and the surface was then 
submerged in Sterile Deionized Water for 30 seconds and drained in a 
similar fashion. Test surfaces were placed in new sterile petri dishes and 4 
mL of neutralizer was added. Test surfaces were scraped and the 
neutralized mixture’s pH was found to be 8.0 for all disinfectant runs. The 
neutralized mixture was diluted 10-fold and plated on host cells.  
 

Test Article Active Ingredient(s) Contact Time Neutralizer 

Diluted Bleach 0.5% sodium hypochlorite 30 seconds per 
submersion 

RPMI 1640 + 10% Fetal 
Bovine Serum + 0.5% 

Na2S2O3 

70% Alcohol 70% Isopropanol 30 seconds per 
submersion 

RPMI 1640 + 10% Fetal 
Bovine Serum  

 
Dilution medium:  
  
  RPMI 1640 + 2% Fetal Bovine Serum (FBS) 
 
Carrier preparation, inoculation, and dry time: 
 

The test surfaces were steam sterilized for 15 minutes at 121°C, cooled and 
stored at room temperature prior to testing. Surfaces were UV irradiated for 
≥15 minutes per side, then were inoculated with 0.4 mL of virus and dried for 
40 minutes at 20°C. 
        

Contact temperature:  
 
                      Ambient room temperature 20±2°C (Actual: 20°C) 
Organic load: 
 

Virus contained 5% serum 
 
Incubation temperature: 
 
                     36±2°C in 5±3% CO2 
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TEST CONDITIONS (continued)  

 
Media and reagents: 
 

 RPMI 1640 + 2% FBS 
 RPMI 1640 + 10% FBS 
 RPMI 1640 + 10% FBS + 0.5% Na2S2O3 
 Sterile Deionized Water 
 pH paper 
 RPMI 1640 + 5% FBS 
    

 
STUDY DATES AND FACILITIES 

 
The laboratory phase of this test was performed at Microbac Laboratories, Inc., 105 
Carpenter Drive, Sterling, VA 20164.  Testing was initiated on 12/07/18 and was completed 
on 12/19/18. The study director signed the protocol on 12/07/18. The study completion 
date is the date the study director signed the final report. 
 
All changes or revisions of the protocol were documented, signed by the study director, 
dated and maintained with the protocol. 
 

RECORDS TO BE MAINTAINED 
 
All testing data, protocol, protocol modifications, test article records, the final report, and 
correspondence between Microbac and the sponsor will be stored in the archives at 
Microbac Laboratories, Inc., 105 Carpenter Drive, Sterling, VA 20164, or at a controlled 
facility off site. 
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CALCULATION OF TITER AND 95% CONFIDENCE INTERVAL 

 
The 50% tissue culture infectious dose per mL (TCID50/mL) was determined using the 
Spearman-Karber method using the following formula: 
 

     ∑−





+= ik pddxm

2
 

where: 
 
m = the logarithm of the dilution at which half of the wells are infected relative to the 

test volume 
xk = the logarithm of the smallest dosage which induces infection in all cultures 
d = the logarithm of the dilution factor 
pi = the proportion of positive results at dilution i 
∑pi   = the sum of pi (starting with the highest dilution producing 100% infection) 
 
The values were converted to TCID50/mL using a sample inoculum of 0.05 mL. 
 
 
 
The viral titer of each sample is reported as ± the 95% confidence intervals. The standard 
deviation, σm, was calculated using the following formula: 
 

σm = df  

 
where: 
 
df = the logarithm of the dilution factor 
pi = the proportion of positive results at dilution i 
σm = the standard deviation 
ni = number of replicates at dilution i 
 
and ∑ denotes the summation over dilutions beginning at the kth dilution. The 95% 
confidence interval is m ± 1.963σm/2. 
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CALCULATION OF TITER AND 95% CONFIDENCE INTERVAL (continued) 

 
When a sample contains a low concentration of virus there is a discrete probability that if 
only a fraction of the sample is tested for virus, that fraction will test negative due to 
random distribution of virus throughout the total sample.  The probability, p, that the sample 
analyzed does not contain infectious virus is expressed by: p = [(V-v)/V]y, where V is the 
total volume of the container, v is the volume of the fraction being tested, and y is the 
absolute number of infectious viruses randomly distributed in the sample. If V is sufficiently 
large relative to v, the Poisson distribution can approximate p: 
 

P = e-cv  or  c = -[Ln(P)] / v 
 
Where c is the concentration of infectious virus and v is the total sample volume. The 
amount of virus which would have to be present in the total sample in order to achieve a 
positive result with 95% confidence (p = 0.05) is calculated as: 

 
c = -[Ln(0.05)] / v = 3 / v 

 
If all n wells are negative, the virus titer after the process is considered to be less than or 
equal to this value. The total volume of sample assayed is v = v’nd, where v’ is the test 
volume in a well, n is the number of wells per sample, and d is the sample dilution. 
 

 
CALCULATION OF VIRAL REDUCTION FACTOR 

 
The results are reported as the reduction of the virus load due to process step expressed as 
log10, calculated based on the guidelines of CPMP/BWP/268/95, “Note for Guidance on virus 
Validation Studies: The Design, Contribution and interpretation of Studies validating the 
Inactivation and Removal of Viruses”. 
 
The formula for determining the log reduction factor (LRF) for each step is: 
 
 
             Input Titer x Input Volume 
LRF  =  Log10  
                   Output Titer x Output Volume 
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CALCULATION OF VIRAL REDUCTION FACTOR (continued) 

 
When a sample is diluted and/or neutralized prior to being assayed, a volume correction 
factor should be included in the calculation of the viral load. 
 
Viral Load (log10) = Virus Titer (log10/mL) + log10 (volume x volume correction)   

 
The Average Viral Log10 Load from n replicates was determined as follows: 

 
 
 
 
 
 
 
 
 
 
 
The 95% Confidence Limits (CL) for the LRF are calculated as follows: 
 
(CLLRF)2  =  (CLinput)2  +  (CLoutput)2   
 
 
In the case when all negatives are observed, replace the output load by c x Output Volume 
for calculating the log reduction, where c is taken from the Poisson 95% confidence limit 
discussed above, and substitute 0 for CLoutput in calculating the 95% confidence limits of the 
log reduction factor. 
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RESULTS 

 
Data are presented in Tables 1 – 3. 

 
Table 1 

Titer results 

Surface

≤ 0.83 * ≤ 1.43

≤ 0.83 * ≤ 1.43

≤ 0.83 * ≤ 1.43

≤ 0.83 * ≤ 1.43

≤ 0.83 * ≤ 1.43

≤ 0.83 * ≤ 1.43

4.93 ± 0.12 5.53 ± 0.12

4.93 ± 0.12 5.53 ± 0.12

4.93 ± 0.24 5.53 ± 0.24

5.30 ± 0.19 5.90 ± 0.19

5.55 ± 0.25 6.15 ± 0.25

5.55 ± 0.16 6.15 ± 0.16

6.08 ± 0.20
A Volume refers to the volume of the virus recovery solution.
* No virus was detected; the theoretical titer was determined based on the Poisson distribution.

Rinse only (30 second 
submersion)

Rep 1

4.0Rep 2

Rep 3

Viral Load   
(Log10TCID50)

70% IPA (30 second 
submersion) + Rinse (30 

second submersion)

Rep 1

Rep 2

Untreated

Rep 1

4.0Rep 2

Rep 3

Rep 2 4.0

Rep 3

Rep 3

4.0

HI-MACS®

Treatment Replicate
Titer ± 95% CL 

(Log10TCID50/mL)
Volume 
(mL) A

Average Viral Load

Rep 1

Diluted Bleach (30 
second submersion) + 

Rinse (30 second 
submersion)

 
 

Table 2 
Controls 

Sample Results 

Neutralization/Viral Interference – Diluted Bleach Virus detected in all wells 
Cytotoxicity Control – Diluted Bleach no cytotoxicity observed 

Neutralization/Viral Interference – 70% IPA Virus detected in all wells 
Cytotoxicity Control – 70% IPA no cytotoxicity observed 

Cell Viability Control no virus detected, cells were viable; media 
was sterile 

Virus Stock Titer Control 6.55 ± 0.16 Log10 Titer (TCID50/mL) 
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RESULTS (continued) 

 
Table 3  

Reduction factors 

≤ 1.43 ≥ ± 0.20

≤ 1.43 ≥ ± 0.20

≤ 1.43 ≥ ± 0.20

≤ 1.43 ≥ ± 0.20

≤ 1.43 ≥ ± 0.20

≤ 1.43 ≥ ± 0.20

5.53 ± 0.12 ± 0.23

5.53 ± 0.12 ± 0.23

5.53 ± 0.24 ± 0.31
B Input Viral Load is the average Viral Load of the untreated samples.

Diluted Bleach (30 
second submersion) + 

Rinse (30 second 
submersion)

4.65

±

6.08

Rep 3

Rep 1

HI-MACS®

70% IPA (30 second 
submersion) + Rinse 

(30 second 
submersion)

0.206.08

Rep 1

Rep 2

Rep 3

±

4.65

4.65

4.65

4.65

4.65

Rep 3 0.55

Output Viral Load 
(Log10TCID50)Replicate

Rinse only (30 second 
submersion)

 Rep 2 

6.08 ± 0.20

Input Viral Load 
(Log10TCID50)BTreatmentSurface

Reduction 
(Log10TCID50)

0.55

 Rep 2 0.55

Rep 1

0.20

 
 

CONCLUSIONS 
 

A treatment procedure of a 30 second submersion in diluted bleach (5,000 ppm sodium 
hypochlorite) followed by a 30 second submersion in Sterile Deionized Water was able to 
completely inactivate HIV-1 (≥4.65 Log10 reduction) from the HI-MACS® material.  
        
A treatment procedure of a 30 second submersion in 70% Isopropanol followed by a 30 
second submersion in Sterile Deionized Water was able to completely inactivate HIV-1 
(≥4.65 Log10 reduction) from the HI-MACS® material.       
          
A treatment procedure of a 30 second submersion in Sterile Deionized Water alone reduced 
the viral load of HIV-1 from the HI-MACS® material by 0.55 Log10.     
           

  All of the controls met the criteria for a valid test. These conclusions are based on                
  observed data. 



                             MicroBioTest 
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