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Abstract 
 
     In late 2003, the Brachman et al. (1960, 1962) field study of an earlier anthrax vaccine became one important basis for an FDA regulatory deter-
mination that the currently licensed vaccine is effective against B. anthracis strains, regardless of the route of exposure. One issue overlooked earlier 
(Schumm, Brenneman, Arieli, Mayo-Theus, and Muhammad, 2004) was whether or not it was legitimate, from a statistical perspective, to combine 
the results from the four textile mills to assess the effectiveness of the anthrax vaccine. Therefore, the Brachman et al. (1962) field study was again 
reexamined in terms of its statistical validity. The Box’s M test, which evaluates the statistical legitimacy of combining data from different groups (in 
this case, the four mills), was very significant (p < .001) in all three statistical tests performed, indicating that the data from the four mills should not 
be combined. Arguments for combining or pooling the data from the four mills cannot be justified from statistical or scientific evidence. 
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1. Background 
 
     The safety and the efficacy of the current anthrax vaccine 
used by the U.S. military has been challenged [1,2] despite ar-
guments in its favor [3]. The U.S. Food and Drug Administra-
tion (FDA) has responsibility to license vaccines based on its 
scientific assessment of the efficacy and safety of such vac-
cines. On December 30, 2003 the FDA issued a regulatory 
opinion on anthrax vaccine, a Final Rule. FDA’s Final Rule, 
and other assessments of the efficacy of the current anthrax 
vaccine in humans, are primarily tied to the reputed success of 
the field investigations done, with a similar vaccine, between 
1955 and 1959 at four goat hair mills in the northeastern United 
States. However, in deciding on the case John Doe #1 et al. v. 
Donald H. Rumsfeld, et al., (U.S. District Court for the District 
of Columbia, Civil Action No. 03-707) District Court judge 
Sullivan issued an order on October 27, 2004 that the FDA had 
not provided adequate review for the anthrax vaccine and sus-
pended its administration to members of the U.S. military until 
the FDA had time to obtain further comments on the anthrax 
vaccine. 
        
2. Issue        
 
     Many of the limitations of the Brachman et al. [4] design [5] 
and its statistical errors and limitations [6] have been detailed 
elsewhere. However, the Food and Drug Administration (FDA) 
has argued that it was legitimate to combine data from the four 
textile mills used in the Brachman et al. [4] study of the effec-
tiveness of a human anthrax vaccine among mill workers at 
four mills (the locations of the mills remain in dispute). While 

admitting that “the five cases of inhalation anthrax reported in 
the Brachman study are too few to support an independent sta-
tistical analysis” the FDA argued that both inhalational and 
cutaenous cases [from all four mills in the study] had been 
combined, thereby making the results applicable to both routes 
of exposure [Proposed Rule and Proposed Order, 29 Fed. Reg. 
78286, December 29, 2004; http://www.fda.gov/cber/rules//bva 
ctox.pdf]. Combining data from the four mills might seem to be 
desirable because it would increase the statistical power of the 
dataset. It might also make it appear that the vaccination pro-
gram was statistically successful at all four mills when in fact it 
was only significant statistically at one of the four mills [6: 178, 
Table 11]. However, Schumm et al. [5, 6] failed to test the sta-
tistical legitimacy of combining data from all four mills, leav-
ing it as an important issue to be resolved  scientifically. 
 
3. Method 
 
     The Box’s M test, an output from the SPSS discriminant 
analysis routine [7] is used to determine the statistical legiti-
macy of combining data from different groups [7: 108-109]. 
Here, the different groups were the four textile mills used in 
Brachman et al. [4]. The total sample contained 1,249 cases, 
whereas the smaller sample of only treatment and control (pla-
cebo) subjects included only 793 cases.   
 
     The variables used to create the covariance matrices for each 
of the four groups included risk (low, high), vaccine (none or 
placebo, partial vaccination, and actual full vaccination), and 
illness (anthrax infection or not), and partial vaccination (yes, 
no). In the SPSS discriminant analysis programs used to obtain 

doi: 10.1588/medver.2005.02.00042 



W.R.. Schumm/Medical Veritas 2 (2005) 342–343 343

Box’s M test [7], prior probabilities were calculated from the 
sample size of each of the four groups.   
 
     Three tests were performed. Because the experimental group 
(total N = 793) did not contain data on partial vaccinations, 
only three variables could be included in each group’s covari-
ance matrix. Therefore, three variables were used for both the 
experimental (N = 793) and the total groups (N = 1,249). For 
the total group, four variables were used as well; adding the 
partial vaccination variable (which was weakly correlated with 
the vaccine variable, r = .11).   
 
4. Results 
 
     Using three variables with 1,249 subjects, Box’s M test 
yielded a score of 142.58, with an approximate F test of 7.88 
with 18 and 1,394,368 degrees of freedom (p < .001). Using 
four variables, Box’s M test yielded a score of 292.65, with an 
approximate F test of 9.68 with 30 and 1,160,713 degrees of 
freedom (p < .001).  
 
     Using three variables with 793 subjects, Box’s M test 
yielded a score of 65.99, with an approximate F test of 3.63 
with 18 and 529,086 degrees of freedom (p < .001). 
 
     Observation of the correlation matrices for the four groups 
suggested that differences among the four groups were not only 
statistically significant but were substantial as well, with the 
vaccine-illness correlation being statistically significant for 
Mill S but not the other three mills.      
 
5. Discussion 
 
     The results clearly rejected the statistically validity of com-
bining data from the four mills. Consequently, it is not appro-
priate to analyze the data from Brachman et al. [4] for the entire 
“clinical” trial of the human anthrax vaccine together in one 
combined group, for either the total group (N = 1,249) or the 
experimental group (N = 793). 
 
 
 

6. Implications 
 
     While it may be politically desirable to combine the data 
from the four textile mills, it is not scientifically appropriate. 
Given that, it remains clear that the anthrax vaccine demon-
strated only cutaneous efficacy at just one mill (Mill S)–and not 
the mill (Arms Mill, Mill A) where the inhalation cases of an-
thrax infection occurred. Given that the results for Mill A never 
were and are not now significant (p < .05) even when including 
the cutaneous cases of anthrax infection, our results here further 
demonstrate that there never has been any scientifically valid 
basis for arguing that the vaccine was effective against inhala-
tion anthrax in Brachman et al’s study [4]. In fact, at only one 
of the four mills was the vaccine effective against cutaneous 
anthrax infection. Inferring from Mill S alone that the vaccine 
was effective against cutaneous anthrax requires an assumption 
that the data from the four mills can be combined legitimately. 
Of course, it might seem logical to infer that partial success of 
the vaccine leaves us with our best hope to prevent both cuta-
neous and inhalation anthrax infections. However, science rests 
on proving facts, not merely wishing them to be so.   
 
References 
 
 [1] Nicholson GL, Nass M, Nicolson NL. Anthrax vaccine: controversy over 

safety and efficacy. Antimicrobics and Infectious Disease Newsletter, 
2000;18(1):1–6. 

 [2]  Nass M. The anthrax vaccine program: an analysis of the CDC’s          
recommendations for vaccine use. American Journal of Public Health, 
2002; 92:715–21. 

 [3]  Friedlander, AM, Pittman, PR, Parker, GW. Anthrax vaccine: evidence          
for safety and efficacy against inhalational anthrax. JAMA, 1999; 282: 
2104–6. 

 [4]  Brachman PS, Gold H, Plotkin SA, Fekety FR, Werrin M, Ingraham NR. 
Field evaluation of a human anthrax vaccine. American Journal of Public 
Health, 1962;52:632–45.  

 [5]   Schumm WR, Brenneman RL. How “adequate and well controlled” was 
the “clinical trial” of a human anthrax vaccine, 1955-1959? Medical Veri-
tas 2004;1(2):166–70. 

 [6] Schumm WR, Brenneman RL, Arieli B, Mayo-Theus S, Muhammad JA. 
statistical reanalysis of Brachman et al.’s (1962) study of a human anthrax 
vaccine. Medical Veritas 2004;1(2):171–8. 

 [7] Norusis MJ. SPSS-X Advanced Statistics Guide (2nd ed.) Chicago:SPSS, 
Inc., 1988.   

 

  

doi: 10.1588/medver.2005.02.00042 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


