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a new source of agents for passive immunization, mono-
clonal antibodies. Using murine monoclonal antibacterial
antibodies, promise in prophylaxis against sepsis has been
shown in animal models.28 The blood lymphocytes spon-
taneously secreting antibody may be a useful source of
cells for the production ofhuman monoclonal antibodies,
provided the kinetics of in vitro antibody production are
understood.

In conclusion, we have demonstrated decreased in vivo
and in vitro humoral immunity in a heterogenous group
of surgical patients. There is a kinetic and quantitative
correlation between in vivo and in vitro responses, the
latter being a biologic reflection of the magnitude and
integrity ofthe in vivo process. Failure to produce specific
antibody is not due to failure of total IgG synthesis. Al-
though there will be important new applications for active
immunization against bacteria, further knowledge of hu-
moral immune processes in man is required to facilitate
exploitation and modulation of in vivo responses. The
development of human monoclonal antibacterial anti-
bodies for passive immunization will be facilitated by
increased understanding of in vitro humoral immune re-
sponses.
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DISCUSSION

DR. LOREN J. HUMPHREY (Shawnee Mission, Kansas): Dr. Nohr and
colleagues have stratified surgical patients on the basis of response to
skin test antigens and found that specific production of antitetanus
toxoid antibody in vitro and in vivo correlated with the skin testing.
Thus, humoral immunity to a specific antigen was depressed at a time
when the general immunoglobulin level was normal.

In 1975, Slade, Simmons, and co-workers measured 12 parameters
of immune function and found that all in vitro functions studied, such
as total peripheral blood lymphocyte count, B-cell count, T-cell count,

and lymphocyte blastogenesis to mitogens, fell with induction of anes-
thesia and continued to fall during and after surgery. Thus, cell immunity
is depressed as well.

In 1970, Dr. Frederickson and I showed that anesthesia and high
levels of oxygen in vitro caused a decrease in production of antitetanus
toxoid antibody. Interestingly, these could be rejuvenated appropriately
in vitro to produce antitetanus toxoid antibodies again.
Of further interest to surgeons is the fact that it has been shown that

tumor burden as well decreases immune responsiveness.
Why do these various agents cause immunosuppression, and what

can we do to prevent this? Certainly, as shown by Dr. Nohr and his
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colleagues, this is a double jeopardy for the patient. The patient who
begins in a hyporesponsive state then has added on top of this the
immunosuppression of anesthesia and surgery.
Two years ago, we reported to the Southern Surgical Association that

immunization with an allogeneic tumor protein in cancer patients can
stimulate the immune responsiveness, so that it does overcome this
immunosuppression. Subsequently, by studying subsets oflymphocytes,
we have shown that this immune stimulation is associated with a decrease
in T suppressor cells, but, surprisingly, at the same time, a decrease in
NK or natural killer cells.

This morning's paper brings to us one of the vital issues of surgeons:
How can we overcome immunosuppression? I believe that specific im-
munologic stimulation of the surgical patient will be the watchword of
this decade. To this point, I would ask the authors: What are your plans
to determine the mechanism of this specific immunologic suppression?

I think this is a magnificent paper.

PRESIDENT RAVITCH: Thank you, Dr. Humphrey. The discussion
will be continued by Dr. John Mannick, of Boston, who walks very well
after having his spine replaced by steel.

DR. JOHN A. MANNICK (Boston, Massachusetts): The paper we have
just heard is one that I think is important. I think it is particularly
important because there is a general belief that, while cellular immunity
is depressed in surgical patients, traumatized patients, burn patients,
humoral immunity is left intact.
Now, the evidence upon which this assumption is based is probably

underwhelming when it is examined closely, and I think that the group
at McGill were very correct to test this hypothesis again in their group
of anergic patients.
We have not studied a similar group of patients, but have looked at

the same phenomenon-that is, the ability to respond with an anamnestic
response to tetanus toxoid-in a group of severely burned patients and
we have somewhat similar findings. We found, for example, that the
mean peak antibody titers were reduced in the burn patients after standard
tetanus booster immunization, just as the authors have.
We also found a phenomenon that I am not sure they have encoun-

tered, and I would like to ask them about it. We discovered that even
in those patients who made a reasonably good response to the antigen,
in terms of antitetanus antibody-that the antibody titers peaked out
quickly, and then faded fast. In other words, there was no prolonged
response, as you have seen in their slides of the normal antitetanus
response, but a quick falloff that we find totally inexplicable.

I wonder if they have encountered this phenomenon; and if so, if
they have an explanation to offer for it. I have enjoyed the paper very
much.

DR. JOSEF E. FISCHER (Cincinnati, Ohio): The excellent presentation
by Dr. Nohr represents another of their contributions to the concept of
trying to define the population at risk, and specifically as it applies to
surgical patients. I think it is fair to say that, although there has been
a lot of work in this area, and it has been demonstrated statistically that
anergy, or lack of response, perhaps especially in the surgical patient
group, correlates statistically with a poorer outcome, it has not been
successfully demonstrated, to my knowledge, that in an individual patient
anergy statistically relates to changes in outcome.

What we have heard today is, I believe, a major change in direction
from what previously has been supposed as being a total failure of
responsiveness to something that might better be called dysregulation;
in other words, that it is not a total failure of the system, but a failure
of the directive system, and that, far from being completely wiped out,
if you will, the system works, but does not work very well, and the
switch is gone.

Obviously, this is a major contribution, and I would like to ask the
authors (1) if they have any concept of where the failure in regulation
is; (2) since their approach and our approach over the past decade or
so has been, perhaps, belief that nutritional manipulation might help
this particular problem, whether or not they have any clues in their
very extensive work as to where intervention in a specific way might
alter the outcome.

DR. CHARLES E. LUCAS (Detroit, Michigan): Our own data indicate
that the decrease in the response to tetanus toxoid after trauma is further
increased in patients who have received albumin. Can you relate your
experiences about the response of tetanus toxoid to patients who have
received albumin vs. no albumin?

DR. C. W. NOHR (Closing discussion): Dr. Humphrey, clearly the
mechanisms involved between the injection ofan antigen or the encounter
of a host with an antigen and the eventual production of antibody are
complex and poorly understood. For in vitro production of specific
antibody by unstimulated cultures, recent antigenic priming in vivo is
required. Although we have no experiments as yet to delineate the exact
mechanism of the failure of patients to produce specific antibody, it
may occur in the process of antigen recognition, and transfer of this
specific information from cell to cell, involving clonal proliferation of
specifically sensitized B-cells and the production of intercellular me-
diators-for instance, interleukin-l and -2.

Regarding the antibody responses ofburn patients, we agree that burn
injury probably represents a unique kind of insult to the host, and that
unique immunological alterations may be consequent thereto. We do
not have human burn data, but our experiments in animal models show
that humoral immune responses are blunted.

Dr. Fischer, we agree with the use of the term "dysregulation." The
use of the term "total failure" probably reflects our ignorance about
some of the aspects of the immune processes involved. Again, as to
where the exact location offailure will occur in this dysregulated process,
we have not described.
The influence of nutrition is of tremendous interest because it is one

of the causes of immune deficiency that we can address therapeutically.
It is interesting to us that two of the anergic patients in our study that
produced substantial responses to tetanus toxoid had been started on
enteral nutrition just days before that. However, there was another patient
similarly started on enteral nutrition who failed to respond; so the num-
bers are obviously too small to reach any conclusions. The hint suggested
at by this human data is supported by animal experiments done by
other individuals, which suggest a state ofimmune hyperresponsiveness,
soon after the initiation of refeeding in malnourished animals.
We do not have any information on the influence or lack of influence

of albumin transfusion on humoral immunity.
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