
Technical Papers 


The Anemia Associated With fection is hemolytic in nature or that there is a defec- 

Chronic Infection1 tive synthesis of either globin or  protoporphyrin. 
This evidence may be interpreted as indicating that 

G. E. CARTWRIGH~, P,. A. LAURITS~~,  there is a failure to form heme because of lack of 8. HUMPHREPS, 
p,J. JONES, 1.3 ~ .  M. M. wINTRoBEsufficient iron to incorporate into the protoporphyrin P , ~ ~ ~ ~ ~ ~ ,  

molecule. As a result, protoporphyrin and copper are  
School of Medicine, University of  Utah not utilized, and their quantity increases, awaiting the 

A study of the anemia accompanying such chronic time when iron will be made available so that the for- 

conditions as  empyema, osteomyelitis, endocarditis, mation of heme may proceed a t  its normal rate. 

and various other chronic infections in  humans has To investigate more completely the pathogenesis of 

revealed a rather characteristic chemical pattern. this anemia, intramuscular staphylococcal abscesses 

There is a pronounced hypoferremia which is accom- mere produced in 3 adult dogs. The plasma iron level 

panied by hypercupremia, a n  increase in  the erythro- dropped precipitously from levels of 150 to 275 micro-

cyte protoporphyrin and coproporphyrinuria. These grains per cent to levels of 1 5  to 30 micrograms per 

results are  briefly summarized in Table 1. Only male 
cent in  48 hours. This was followed in approximately 
15 days by the development of moderate anemia. B y  
this time the plasma iron level had returned to nor- 

TABLE 1 
mal. This stage was followed shortly by clinical irn- SUMMARYOF THB OFCHEMICAL CHARACTERISTICS THB 

ANEMIA ASSOCIATBD WITH CHRONIC IXPQCTION provement and disappearance of the anemia. The 
intramuscular injection of staphylococcal toxin or 

Erythro- Urinary Thecyte typhoid vaccine produced less definite changes. 
Plasma Serum 

I ron  Copper Protop?f- copropor- intramuscular injection of steiile turpentine into 16 
phyrin phyrinr % % r /100  cc. r / 2 4  hr. dogs produced a sharp fall  in plasma iron within 48 
RBC 

hours in  all of the animals. A second injection of 
Normal 

NO. of cases . 20 25 10 22 turpentine was followed by the development of a mod- 
Average value 120 116 30 106 erate degree of anemia. This indicates that neither 

Chronic infections 
NO. of cases . 19 11 19 14 bacteria nor their toxins are essential for  the produc- 
Average value 29 230 175 278 tion of hypoferremia and suggests that a n  inflamma- 

tory reaction per se is capable of producing this 
patients were used in the study. Morphologically the change. W e  are unable to state with certainty 
anemia was found to be normocytic, or slightly micro- whether a specific substance is elaborated by an in- 
cytic and slightly hypochromic. flammatory reaction. The intravenous injection into 

The administration of iron by mouth to these each of 7 dogs of 50 ml. of sterile pleural fluid, ob- 
patients was associated with no significant increase tained following the intrapleural injection of turpen- 
in the content of iron in the plasma, in sharp contrast tine, resulted in a suggestive, but not a profound, 
to the finding in normal persons. Intravenous ad- lowering of the plasma iron. 
ministration of iron was associated with a rise in  the Menkin ( I ,  2) has shown that there is an accumu- 
plasma iron level of somewhat smaller degree than lation and fixation of iron in inflammatory tissue. 
occurs normally and a return to preinjection levels Schafer (3 ,  4, 5 )  has demonstrated that there is a n  
which took place much more rapidly than is normal. increased iron retention in febrile conditions in  chil- 
I n  these respects the anemia associated with chronic dren and that during mild infections in mice iron ac- 
infections is similar to the anemia of iron deficiency. cumulates in the reticula-endothelial system. On the 
Hypoferremia, hypercupremia, and an increase in basis of these observations, together with the data 
erythrocyte protoporphyrin are also common to both we have presented in humans and in dogs, it  now 
conditions. Unlike iron deficiency anemia, however, seems possible to outline a working hgr~othesis f o r  
the anemia of infection does not respond to either oral the pathogenesis of this anemia. 
or intravenous iron therapy. We have been unable According to this hypothesis, as a result of a n  
to  obtain evidence that the anemia associated with in- inflammatory reaction, iron is diverted to the tissues 

and is not made available fo r  hemoglobin synthesis. 
1 T h e  work described in th i s  paper was carried out  under 

a contract recommended by the Committee on ~ ~ dK . ~ -i ~AS~ a lconsequence of this increased demand of the 
search, between the  Office of Scientific Research and Devel- tiSSueSfor iron,the removal of this element from the opment and the  University of Utah. 
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blood stream is hastened and possibly its absorption 
from the bowel is even increased. Because iron is 
not made available fo r  use by the bone marrow, the 
reaction Cu++ 

Protoporphyrin + Iron -+ Heme 
cannot proceed and anemia develops. 

'The fault in  iron metabolism cannot be corrected 
by the administration of iron. This is probably be- 
cause of the persistent and urgent demand for  iron 
to fulfill some function in relation to infection, which 
has a greater priority fo r  iron than hemoglobin forma- 
tion. 

These experiments are  to be reported in detail in  
the near future. 
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An Observation on the Red Cell 
Content of the Blood of the 
Thoroughbred Horse 1 
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While making observations of the blood of the 
horse, we noticed consistent differences between the 
thoroughbred and the cold-blooded horse with regard 
to the red cell count per  cubic millimeter and the 
hemoglobin content in  grams per  100 ml. of blood. 
The average values obtained in the thoroughbred ani- 
mal have also a relation to age, as is shown i n  Table 
1,which includes standard errors and average values 
for  the mean corpuscular hemoglobin. 

TABLE 1 

Num- Recl Itlean cor. 
Group in mil- Puscular 

group lions/mm,s grams/100 mI. hemoglo- 
bin. vv. . .  

Thoroughbreds
Foals . . . . . .  8 12.91 k 0.73 13.86 f 0.31 10.7 
Yearlings . . 12 12.50 + 0.74 14.13 + 0.46 11.3 
2-3 years . . 12 10.80f 0.25 14.10 t 0.40 13.1 
Older horses. 8 11.55 + 0.74 15.37 + 0.78 13.3 

Cold-blooded 
horses . . . . .  10 7.94 + 0.28 12.63 f 0.33 16.0 

The differences between the means of the red cell 
counts of the two- to three-year-old horses and those 
of the foals and of the yearlings are  significant, as  
also is the larger difference between the means of 

1 This study was made on the horses of Col. C. V. Whitney, 
to whom rr7e a re  indebted for  his courtesy. The expenses of 
the investigation were defrayed by the Grayson Foundation. 

the counts of the two- to three-year-olds and those 
of the counts of the cold-blooded horses. 

Table 1shows that the red cell count and hemoglobin 
content in  the thoroughbred are  higher than the count 
and hemoglobin content in  the cold-blooded horse, the 
red cell count fo r  which is usually given as  between 
6 and 8.5 m i l l i ~ n . ~At  the same time the quantity of 
hemoglobin per cell is smaller. Table 2, which gives 
the average hemoglobin content, mean cell volume, and 
mean corpuscular hemoglobin concentration i n  5 
thoroughbred and 5 cold-blooded horses, shows that 
the celIs of the thoroughbred carry less hemoglobin 
per  cell because the cells are  a little smaller and be- 
cause the hemoglobin concentration is a little less. 
The thoroughbred, nevertheless, carries more hemo-
globin per milliliter of blood than does the cold-
blooded horse because there a re  more red cells per  
unit volume. 

TABLE 2 

Thorough- Cold-
hretl blooded 

Red cells, millions/mm.~ . . . . . . . . . . . .  10.35 8.21 

Hemoglobin, grnms/100 ml. . . . . . . . . .  13.89 12.06 

Mean cell volunle, u" . . . . . . . . . . . . . . .  42.2 43.6 

Mean ~ o ~ p u s c u l w rhemoglobin concen-

tration, per cent . . . . . . . . . . . . . . . . .  32.7 33.5 

Mean corpuscular hemoglobin, yy . . . .  13.4 14.7 

This combination of a n  increased red cell count, a 
decrease in  red cell volume, a decrease in  mean cor-
puscular hemoglobin concentration, but a n  increase 
in  the hemoglobin content per milliliter of blood, is 
met with in  animals (rabbits) subjected to low atmos- 
pheric pressures ( 1 )  and in other states in  which the 
bone marrow is hyperactive, such as  polycythemia 
Vera in man. Since it  is most improbable that 
thoroughbred horses suder from a n  oxygen lack suffi- 
cient to keep their bone marrows in a state of hyper- 
activity, the higher red cell counts and hemoglobin 
contents in  the blood of these animals is probably a 
genetic characteristic, as  polycythemia sometCmes is in 
man. The probability of the genetic explanation 
being right is increased by the fact that the high red 
cell counts are present a t  birth and are  maintained i n  
the weanling, yearling, and ensuing age periods. The 
elevated counts are  therefore not the result of train- 
ing or conditioning processes which prepare the ani- 
mal for  racing. I t  may very well be, of course, that 
the increased hemoglobin content and slightly smaller 
cell size confer a n  advantage on the thoroughbred 
when running a t  high speeds, and so these may be 
characteristics tvhich have become accentuated in  the 
process of the "improvement of the breed." 
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