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CRITICAL REVIEW OF UNCRITICAL REVIEWS

Our profession would benefit if review article authors would more critically
review the design and analysis aspects of cited field studies.

he - “culinary . metaphor was
' whimsical, but the efficacy-by-
pseudoreplication. recipe des-
cribed in the July 6 issue of PMN was
an accurate depiction of some efficacy
‘trials reported in the veterinary iit-
erature.(1) Rather than being the resuit
of a desire to circumvent good science,
such studies seem to reflect a lack of
appreciation of the dominant role of
group effects (e.g., pen effects) in
morbidity risk variation, because of
this, the need to analyze at the same
level at which one allocates. In a
larger sense, the failure to understand
and avoid pseudoreplication is a symp-
tom of difficulties that we veterinarians
have experienced in taking science
from the orderly, controlled setting of
the lab bench to the chaotic environ-
ment of the world where genuine effi-
cacy must finally be measured. Our
problems have sometimes been com-
pounded by the failure of review article
authors to critically evaluate design and
analysis features in synthesizing their
conclusions.

For example, consider a recent review
of the literature regarding bovine res-
piratory syncytial virus vaccination
which included the assessment:

"Field trials -with- BRSV " have been
conducted.. Most of these mrials have
been controlled studies, and results
suggest the vaccine to be safe and effi-
cacious. "(2)

Seven references were. cited to support
this conclusion of which one was a
symposium proceeding, itseif con-
tdining reports from numerous studies.
Relevant to our present discussion,
many. of the cited studies appear to
have used pseudoreplication. Further-
more, some of them contained egre-
gious randomization errors in that the
vaccinates and controls were markedly

. dissimilar in weight or entering BRSV

titer (controls being significantly more

" naive in one of the cited studies; a

study which still failed to show a stat-
istically significant morbidity or mort-
ality advantage on the pait of vaccit- -
ates-ref 3); some contained no statis-
tical tests or other inferential tools (ie,
P-values or confidence intervals); some
used historical controls in conjunction
with pseudoreplication, beginning with
unusually high morbidity years to be
used as unvaccinated controls; and
some, in fact, showed little or no effect
or evena negative effect. The authors
of the report most worthy of the appel-
lation "controlled study” (a near-model
effort) concluded from their 5 separate
trials: "Although the trend in these
field trials was to a sparing effect of
the BRSV vaccine, the small reduction
in treatment rate may not justify the
cost of the vaccination program."(4)

The word "suggest" from the above- .
quoted BRSV review did not, in this
critical reader’s judgment, adequately
convey the exceedingly tenuous nature
of any conclusions--positive or neg-
ative--that might properly be drawn.
Yet, given the backdrop (Compendium
on Continuing Education), the quoted
statement was surely taken, by many
readers, as de facto endorsement of a
commercially available product by dis-
interested, thus objective, academic re-
viewers. We will likely see the review
cited as authoritative in textbooks refer-
encing sentences containing the words
"many studies” and "well established
efficacy."”

In comparison to the literature in other

‘biomedical sciences, the veterinary lit-

erature stands out for its lack of critical
review of the design and analysis of
cited articles in reviews and textbooks.
Original articles and reviews in the
animal sciences and in human medicine




are monitored by a vigilant group of
numerant pundits who, though annoy-
ingly anxious to dash off letters to the
editor, encourage a more careful ap-
proach in the conduct and review of
field research. Occasionally the vet-
erinary profession benefits from the
comments of our more numerant col-
leagues in related disciplines. An
historically importantexample occurred
when JL Gill of the Department of An-
imal Science at Michigan State Univer-
sity wrote a scathing letter to JAVMA
regarding the use of pseudoreplication
in an anthelmintic trial published in that
journal.(5) Since Gill’s letter, anthel-
wintic researchers appear to have
walked a path of relative righteousness
with respect to pseudoreplication.

Unfortunately, we are more often left
to the devices of our own literature, a
sanctum where design and analysis
bhave been considered peripheral to
scientific discovery and where review
articles sometimes seem to be judged
more by the poundage of their refer-
ence lists than by the iatensity with
which results and conclusions of the
cited reports are scrutinized. Under
these conditions, a strong product bias
is inevitable since, as was demonstrated
in the July 6 issue,(1) estabiishing effi-
cacy is a trivial business when investi-
gators are freed of the constraint of
analyzing their data at the same level
they allecate it (pseudoreplication).

The failure on the part of some re- k

searchers to provide for adequate de-
sign and analysis and the reluctance of
reviewers to critically review the art-
icles may stem from a feeling that,
since statistical considerations are
(thought) straightforward and of sec-
ondary importance in laboratory sci-
ence, the same must be true for field
research. It is noteworthy that, in the
above quoted BRSV vaccination re-
view, (2) far more space was dedicated
to’ critically reviewing antigenic and
immunologic aspects of vaccine devel-
opment--concerns of laboratory sci-
ence--than to efficacy of the product in
the field. Which is more important to
those who might read a publication
called - Compendium on. Continuing
Education?

Although errors such as pseudorepli-
cation are common in laboratory
experiments,(6) they have relatively

less impact under physically controlled,
laboratory conditions. The P-value ob-
tained from a trial using line bred mice
in an environmentally controlled facil-
ity may not be greatly biased by count-
ing individual mice as the experimental
units even though allocation is done by
cage or room. The same error repeat-
ed in a feedlot trial can, as demon-
strated in the July 6 issue,(1) result in
"statistical significance” in a majority
of trials even when the true efficacy is
exactly 0. The noise we would like to
ignore and the signal for which we are
searching are much closer in magnitude
in the field than in the laboratory.
Careful efforts are necessary to detect
and measure any signal that exists and
to avoid the iilusion of one that does
6ot exist. For our troubie we gain ex-
ternal validity and statistical power,
study attributes seldom available to
laboratory researchers evaluating prac-
tical issues such as vaccine efficacy.

Allocation by groups (e.g., pens) is not
necessarily a design flaw. For com-
municable disease, sub-populations
rather than individuals are the legi-
timate targets for vaccinationprograms,
thus allocation by pen is appropriate
for a feedlot vaccination study. Under
this design, pseudoreplication would
occur at the analysis stage only if each
individual animal were considered an
independent observation. In the words
of 1 reference "In ANOVA termino-
logy, it [pseudoreplication] is the
testing for treatment effects with an
error term inappropriate ic the hypo-
thesis being considered.” (6)

Considerable work has demonstrated
that much of the morbidity risk an
individual experiences is due to pen
effects. (e.g., ref 7) In other words
the morbidity and mortality data from
pen mates are strongly correlated. One
hypothesis is that environmental and
host factors directly influence exposure
and resistance of individuals which, in
turn, indirectly influence some aspect
of infection dynamics in the pen, thus
resulting in a broad distribution of pen
morbidity with a long right tail (Fig 1
in July 6 issue). Though we do not yet
have a full understanding of the reasons
behind pen effect, we do not need such
an understanding in order to conduct
high quality vaccine trials. Beginning
in the latter 19th century methods were
developed, mainly by agricultural stat-

isticians, by which treatment effects
could be isolated from the noise of all
other sources of variation. The funda-
mental tools for this process, randomi-
zation and replication, are often mis-
understood and misapplied by research-
ers (as in most of the supposedly “con-
trolled” BRSV trials cited by ref 2) and
must be carefully evaluated by review-
ers.(6,8)

For the reviewer who wants to become
better at critically reviewing the design
and analytical aspects of research
papers we recommend "Evolution of
statistical design and analysis...” by
Gill (8) and "Pseudoreplication...” by
Hurlbert.(6) [Thanks to Dr. Carol
Lichtensteiger for bringing the latter
exceilent reference to our attention].
Both of these papers discuss the prac-
tical design and analytical problems
that researchers face and the historical
development of tools to deal with them.
Neither is mathematically intense. For
review authors who do not desire to
critically evaluate the design and
analytical aspects of cited papers, we
hope you will not be making any state-
ments that might influence health policy
decisions.
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