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SURVEY of histories of infants with megaloblastic anemia reveals that infec-
tion and ascorbic acid deficiency are common features of possible etiologic
significance.* A megaloblastic type of anemia usually implies a deficiency of vitamin
Bys or folic (pteroylglutamic) acid compounds; so some relation of infection and
ascorbic acid deficiency to the metabolism of these compounds might he anticipated.
We have explored the relation of ascorbic acid deficiency to the development
of folic acid deficiency, experimentally * and in megaloblastic anemia in infancy.?
All the evidence indicates that the requirement for folic acid is increased by a
deficiency of ascorbic acid, especially when so severe as to lead to scurvy. This
mechanism may be of importance in many infants with megaloblastic anemia, but
in most infants megaloblastic anemia developed after a series of infections, even
though the intake of ascorbic acid was unquestionably adequate.

It is to the latter group that the ohservations to be described in this report may
apply. Considering the tendency for ascorbic acid to be depleted in the tissues
during infections, one might suppose that infection, by producing a deficiency of
ascorbic acid, could cause a disturhance of folic acid metabolism comparable to the
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situation 1f SCUIVy. . While this may be true in some iustiazives
is not a plausible explanation in all cases.” T

SPONTANEOQOUS OCCURRENCE OF MEGALOBLASTOSES WITHE INFRC T 1

'\Ne‘ ha(! an opportunity in a colony of monkeys to follow the o 7\
formation in the marrow during occasional isolated W**pir’ntur“ }:,gn:vh SR
appeared spontaneously among the animals. The umukvv# ufulvrxn !’\.11": B
being fed cows’ milk diets supplemented with an ;dmxici:uwv n;‘“ “-\HI}HMM 1% o
least 50 mg. daily), orally and intramuscularly. In ] n::;?‘-‘;r‘v;», ) b‘ ir
acute infections developed the marrow was found to 1)r;'grt'\« f;v‘ ,1; . “", * ‘\m'“
a megaloblastic pattern. Other monkeys similarly infected revenler ¢ ,t e
teristic leucocyte response in the marrows with o teace of ﬂw\ H"W =‘(‘w‘ o At
of reaction. PR

Analysis of the livers of these two groups of monkeys succntnthing 100
revealed that those with megaloblastic marrows had much lower Y}&Ji;\ }1 g el
of folic acid compounds in their livers. Those monkeys in which the amzﬁa T
not become megaloblastic had more nearly normal Jevels of folic avirt ‘;:z;um:m -
in the livers. A summary of the essential data from these wmnher 1 n;m 1 !

in Table 1.

TanLe l.—Average Vitamin Bu and Folic Adcid Compounds i Livers o Voookyy s divena 0T
Respiratory Infection
(Milk Diets, Abundant Ascorbic

T

o et Vg
Fhaalue

sia SCRTER
Marrow normoblastie (died 7th to 19th day of eXperimentsy. ..o Wi i
Marrow megaloblastic (dled 44th to 1¢6th day of experimentsy... [ TS ‘
Average valies in normal monkeys fed same dlets for lomg periods v 1ins [ it
* Vitamin Bia determioed by microbioussay using Lactobueillias feichmannits

. t Total folic acid as measured by microbloussay with Rtraptoeeis Inevalis witer hferls LY reee Diede
acid from. conjugates by hog kidney conjugnse.t

{ Free folinic acid (citrovorum tactor) determined by mierabivassuy with Fovigninstoe el W

The question as to whether the infection depleted the tissuen RIS T I
and thus provoked a deficiency of folic acid cannot e answered froan this gros

of monkeys because the tissues were not analyzed for ascorhie avid. Vhese et
incidental ohservations rather than planned experinments.
ro

Tt must be reemphasized at this point that infection wis nat the cines
depletion of folic acid and megaloblastosis in our previously peported exprrinpent
with scorbutic monkeys.” (areful clinical observation anel fieroscopte Ft
of the tissues for evidence of infection excluded this explumtion PONTRIFIN Lt
N

5. Several forms of vitamin B and folic acid have

purposes all forms will be grouped under the terms yitamin 1 : ’ i
as fulinge acid il seded i

under  vitamit B on Loieas whowre

FRUIEY YY) DR O S A

already beent i
Ay and b a T L

unless specific designation of particular derivatives, such
final biological actions of all the compounds arouped
essentially those of the parent substances. .

6. May, C. D.; Hamilton, A., and spewart, Co T }"'.x‘p«,-n‘mu-nml e
and Scurvy in the Monkey: IV. Vitamin B and Folie Acid Lumpetine i
Urine and Feces and Effects of Therapy, Blood T:978, 1052,
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Fig. 1 (Monkey 73).—Megaloblastic anemia-turpentine abscess. Milk diet included abundance
of ascorbic acid. For 260 days the animal thrived on this diet, and blood and marrow remained
normal. Then the series of injections of turpentine was begun. After three injections within
39 days the marrow hecame megalablastic. The animal was killed for tissue analyses (Table 4).
Cells from the bone marrow are shown in Figure 2.

Fig. 2—Megaloblasts from hone marrow of Monkey 7 i

y 73 (Fig. 1) on 39th day after
injections were begun. Larger nucleated cell is a basophilic mgega%oblr;st " dter
orthochromatic megaloblast,

turpentine
and smaller one is an
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Furt i i iati

- tb?r evidence differentiating the scorbutic megulohlastic aninls
quiring megaloblastosis following infection will he presc

experiments, contrived to study these relationships.

Troane
y
nted o the wllowong

EX PERIMENTAL INDUCTION OF MEGALOBLASTOSIH BY TUREFME(N!

o aI:C22bli]s_lzllz(;;fgleg;?;::l:;lsn‘}\;i wuc ixzta:r;fstf.-,nl in producing .nwv«,l;ﬂdnm;m;f BT
et o the creation of sterile alz;c:;n‘l}. ot 1c11 t‘mr('hm'd stwlw«‘ 1w our ladwratory
: ] : . ses in monkeys.  Beemse of our precccapalon
g;ﬂ:;g:ﬁigg 633211‘1111161nﬁiil;\})<JSI;T1]1?11atr0§y in tlu ““i,“,m” in whivh ulee e WL
_ . ples were taken somewhat sy steratically at
various intervals after the intramuscular injecticns of turpentine e \;‘,m»‘%‘ oo
§uc11 an animal (Monkey 73) which received turpentine injections it dtbar]
is depicted in Figure L. This animal bad been fecd @ diet of cows” nulk 10wt
starch had been added. Optimal tissue saturation with ascorbic add wis assu
Py providing 50 mg. orally each day and 100 mg. intramsenkih onee 5 weeh
This monkey had been maintained in good health on this rv;gimrﬂ for 2oy davs
no anemia or leucopenia developed, and the marrow pemnined tormal e criliic
centimeter of turpentine was injected into the muscles of the legs on the 0Tt
277th, and 296th days. The appetite, activity, and weight deelived during the
series of turpentine injections, hut diarrhea did not develop. Murros aatriples
escarmined from time to time revealed only the Jeucoeyte activity expested with
suppurative Processes until 4 days after the third injection uf turpentive PR s
after the first injection), when a definite megaloblastic pattern of henicy e ln Wil
encountered (¥ig. 2). The leucocyte series also hiud the cinees cnreteristically
found in megaloblastosis.

On the basis of this chance discovery of megaoblastosis following turpenting
injections we set about to repeat the observation, to deterniine the tisiie congenita
tions of ascorbic acid, vitamin Bis, and folic acid compounds, and 1o Fodleos the
effect of therapy on the marrow. Another animal, which tiul heen thrivieg v é
diet of cows’ milk and starch for 150 days (Monkey 72), aned four anitale EMon
keys 105, 118, 135, 138) recently received from an animal Jeader placed oo
a diet of cows’ milk ™ were selected for study. The hemoglobin and Lone o

7. Experimental Diet 4K
Dried Cows' Milk, 12 gm.
Water to make 100 cc.
59% CuS0,, 1 drop per 100 cc.
Daily Supplement, orally
Ascorbic Acid, 50 mg.

Vitamin A, 4000 L U. Weekly Supplement, wrally
Vitamin D, 400 LU. BRI Vitamin He, 157

15 mg. d-ailpha toco- water-miscible Thiamine hydrochlorule, & v
pheral acetate Rihoflavin, & my-

Elixir ferrous gluconate, 4 cc, Nicotinatoide, 73 1z

Sedium pantuthenate,
Pyridoxine fydrocklonle, B o

K1y as well

Monkeys 72 and 73 were given 100 mg. of ascorbic acid intransascularly wes
as 50 mg. orally throughout the experiments.

Details concerning the usual manifestations of
been published.?

nonkeys fed this type of diet hase alesads
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were found to be normal in each animal, and then 1 cc. of turpentine was in jected
intramuscularly. The turpentine gave rise within a day to marked cellulitis, the
animals became mildly ill and ate less for a few days, but they quickly resumed
normal behavior except for favoring the affected leg. Fluctuation soon developed
in the injected area, and usually in about a week a purulent material burrowed to
the surface and drained freely before the wound healed. The purulent material
was cultured and found to be sterile. During this sequence of events, after the
first injection of turpentine, the marrow revealed activity in the leucocyte series
with only minor changes in the erythrocyte series. After two or more injections
a characteristic megaloblastic metamorphosis was observed in the erythrocyte series.
The time and number of injections required to produce a megaloblastosis was
variable. The composite data from the experimental animals may be seen in
Table 2. The megaloblastosis finally achieved in all six monkeys given turpentine

TABLE 2—Sumanary of Data on Monkeys in Which Megaloblastosis Was Induced by
Turpenting Abscesses
(Milk Diets, Abundant Ascorbic Acid)

Megalo-
Turpentine hlastic Hemo-
Injected, (Day of globin,*  Leuco-

(Day of Experi- Gm./  cytes* per
Monkey Experiment) ment) 100 Ce.  Cu. Mm. Treatment t Effect on Marrow
72 1, 87,105 73 10.8 5,870 15 'y]B 12 Intramuseularly, No effeet; died
' 2 days
73 1,16, 85 39 8.1 7,150 None Killed 89th day for
tissue analyses
105 1,17, 26 32 9.0 6,000 Tolle acid heptaglu- No effect; killed on
tamate { orally, 12 44th day for tissue
days analyses
118 1, 17, 25, 40 9.3 4,800 None Killed on 418t day
36 for tissue analyses
185 1,17, 33, 65 e 30 v Bis intramuseularly, No efteet in 7 days
50, 59, 90 3days
15 mg, folic acid intra- Normohlastie 11
muscularly, 2 days days later
138 1,17, 83, a5 e e Abscess allowed to heal Normoblastie by 7ith
130, 59 day

* Average normal values & hemoglobin 12.7 gm. per 100 ce.; lencocytes 15,400,

t Ascorble scid continued and abscesses maintained through trials of therapy, except in 188 abscess was
allowed to heal.

i 1 A concentrate of folic acid heptaglutamate derived from yeast was assayed in our laboratory to eon-

}in% eOfZ?Z;’irll]:(?tg§lléfgnénte't 'J.‘l;gldnﬂy_ oral dosedof 31 mg.l tp’-]rosvided the equivalent of 100 v folle ncld activity

. reatment with conjugase and assay wi tr. faccalis. 'T'he concentrate was supplied by

Dr, Richard D, Greene, of E. R, Squibb & Sons. ! e ’

injections was typical in every respect, including characteristic alterations in the
leucocytes, and was quite like the marrow seen in megaloblastosis in infants and
in scorbutic monkeys, Qur criteria for designating a marrow as megaloblastic have
been fully discussed and illustrated in other publications from this laboratory.®®
An illustration typical of the megaloblasts which appeared in the marrows after a
series of turpentine injections is provided in Figure 2. When megaloblastosis was
established the animals failed rapidly, became very anorexic and apathetic, and lost
weight precipitously, and the fur appeared lusterless and disheveled. Two animals
acquired mild diarrhea, but the stools remained normal in the others. Tt is interesting
to note that although large areas of necrosis were present at the sites of the turpen-
tine injections a leucopenia rather than leucocytosis was found in the periplieral

8.. Sundberg, R. D.; Schaar, F., and May, C. D.: Experimental Nutritional Megaloblastic
Anemia : I1. Hematology, Blood 7:1143, 1952.
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L)lllc;oi.e 11332;2];isnd:.j;?c;e?sufon; j.:hcc?)i]d deﬁciel}cy. At the time of megalulrylastosis
: : o pared with the average value of 12.7 gm.
found in control monkeys. The animals were killed for tissue studies or treated
as soon as megaloblastosis was discovered. ‘ '
_ The til'ne required to produce scurvy in monkeys by milk diets devoid of ascorhic
acid is fairly uniform, averaging 78 days. Megaloblastosis rarely develops until
overt signs of scurvy appear, usually after about two weeks of cousi)icunus evidence
of scurvy. Megaloblastosis associated with spontaneous infections naturally oceurred
at most variable times. Megaloblastosis induced by turpentine iujecti(m:s: follows a
somewhat more regular pattern than that associated with spontaneous infections and
develops more quickly than when induced by scurvy. These points are demonstrated
by typical data in Table 3. One significance of this information is to indicate

TABLE 3~-Megaloblastic Anemia in Monkeys

Day of Ocenrrence in Experiments
Under Different Circumstances
——

Ascorbie Acid Ascorbie Acid
Deficient Adequate
Megalo- Turpentine
Seurvy blastice Infection Abseesses
70 90 43 32
70 90 44 39
72 092 ] 40
83 98 m 63
84 102 160 63
88 119 o V]

Average 8 96

TABLE 4—V itamins in Livers of Monkeys on Milk Dict
(v/gm., wet, average values)

Total Free

Total Ascorbic Folle Folinie
Animals  Acld Biz Avld Avid

Gontrols,® adequate ascorbie Acid. . vvoarerovreriieniey 5 129 1.0 1.10 0.0%

Turpentine abscess, adequate ascorbie acid ‘

MegalODIRSHE Lorvenersrsrrerrranmrmrrresseerreest 3 151 0.8 .30 0.014
Scorbutie o
MogaloDIABHE L.ireverrrmeenrrrrenrerraniesantrtt 7 8 0.6 0.14 (X
Normoblastie, supplementary folic neld.,cveeivinrieer 1 4 0.6 148
Infection, adequate ascorbie acid .
Meg ul’oblustic .................. 5 103 (1% 0,16 .08
....................... ) : o Py

NOTINODIASHIE 1vvveererissremnrmrmmemmenrermest . [} 0.3 ). B 3

e

fection, which would be acyuired

that it is quite unlikely that spontaneous i ; )
egularity of appearance of megalo-

irregularly, could be a primary factor in the r
blastosis in the course of scurvy. o

Data concerning the iver content of vitamin By, the fol‘lc acid cn;um‘u;mnds,
found in monkeys in which megaloblastosts dcvelupcd. in the
d ahove are presented in Table 4. Several features
oups. The turpmltinc—iujectecl group
d level in the liver even though the

and ascorbic acid
different circumstances mentione
should be noted which distinguish these gr
lower than notrmal folic aci

had considerably
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ascorbic level was maintained at the level of the' controls 1?y supplemen't?ttc;n tc‘)f
the diet. In the group suffering spontaneous infec‘tlons' th'ose in VYlllCh megalo ilasﬂu:
marrows developed had much lower levels of folic acid 1n_the liver t'han snnda z
infected animals in which the marrow remained normoblastic. An animal rendere

scorbutic but given supplementary folic acid did not acquire mggaloblastoms, and
the liver content of folic acid was maintained at a normal level in the presence of |
severe scurvy. The concentration of vitamin Byz was less affected in all the groups.

EFFECTS OF TREATMENTS

The turpentine abscesses were maintained active during trials .of therapy, b}f
repeated injections if necessary, The responses in the marrows to various treatn?ent:i
(Table 2) correspond to the findings in the liver analyses (Table 4). Ne1th(?1
vitamin Bz nor ascorbic acid was able to prevent ot to eliminate the megaloblastosis
in the marrow resulting from turpentine injections. The same had been found to
be true of the megaloblastosis arising in monkeys in the course of spontaneously
acquired infection. Folic acid was promptly effective in eliminating the megalo-
blastic pattern from the marrow of both the turpentine-injected and _the' sponta-
neously infected monkeys. Either ascorbic acid or folic acid will eliminate the
megaloblastosis complicating scurvy, but vitamin By alone is without effect. When
the turpentine abscess was allowed to heal, the megaloblastic reaction in the marrow
disappeared simultaneously and was replaced by a normal normoblastic pattern
without any therapy. The animal improved correspondingly. Oral administration
of a heptaglutamate of folic acid, in a larger amount than would be obtained from
the diet or intestinal flora, was unable to furnish an animal with sufficient folic
acid to cure megaloblastosis while the turpentine abscess persisted, even though
the ascorbic acid intake was abundant. We have found folic heptaglutamate to
be poorly absorbed by monkeys; only 4% of an oral dose appears to be absorbed.

Important factors in the development of megaloblastic anemia so readily follow-
ing infection or turpentine abscess in monkeys are (1) the low content of folic
acid compounds in the diet, (2) poor absorption of the conjugated form of folic
acid that occurs in food and the intestinal contents, and (3) the immaturity of
the animals and increased requirements for growth.

COMMENT

Infants are probably unable to synthesize folic acid or vitamin Bys but depend
upon such sources as food and the production of these vitamins by the intestinal
bacterial flora to meet their requirements, The steps followed in the absorption and
utilization of vitamin B,, and folic acid compounds are not yet known in detail but
may be roughly outlined as in Table 5. It is apparent in this scheme that numerous
opportunities are afforded for pathological disturbances to interfere with absorption
and utilization of these vitamins. It may be noted in Table 6 that, except for the
dietary intake of vitamin B, and folic acid, all the other factors w
a deficiency of these substances pertain to abnorimal or diseased persons. The milk
feedings commonly employed in early infancy all contain about the same, but rather
small, amounts of vitamin By, and folic acid compounds (Table 7), Normal infants
receiving such diets, when the diets are complete and balanced in other vitamins,
thrive on the amounts of vitamin By, and folic acid ingested or produced by the

hich may lead to
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1ntlest1na.lfl1 bz}cterla. Tt is in the sick and abnormal infants, in whom ingestion, intesti-
’1 . » y ey . » T i

na s;l;nt. esis, absorption, or utilization may be disturbed or for whom requirements
may be inct eased, that one might expect to find evidences of deficiency of folic acid
or vitamin Bis. )

TaBLE 5.—Steps in Absorption and Utilization of Vitamin Bw and Folic Acid Compounds

TFood and Intestinal Baeteria
. -

4 1
Bis Folie Acid Conjugnte
Stomach Intrinsic Factor
Intestines
Tissues Conjugase
Folie Acid
Folinie Acid
r‘-""_}“—' 1
Metabolie Reactions

TapLE 6.—Possible Factors Leading to Deficiency or Increased Requirements of Vitumin Bu
or Folic Acid

Deflelency of vitamin Biz or folle acid in infancy could result from the following:

Deficient diet

Inadequate synthesis by intestinal bacteria
Tack of intrinsic factor in stomach
Defective intermediary metabolism
Inadequate stores from mother

Increased requirements could result from the following:

Infection
Loss of sparing efleets
Rapid growth
Prematurity
Dietary imbalance
Vitamin inhibitors or antagonists

Vitamin .
Bz, Folie Ackd,
LA i1
4 3
Human MK, ceeermerrerereese : ;
Tresh cows’ milk formula t.. ; |

Dried cows' milk formula t..
GM-A® F uierennnemiaenee

“gimilac” 1 oaeseeceesreeet eeeraeenraree 4 :
Evaporated cows’ milk formull tooveiearrenary : 3

goats’ milk formult f..ceeees

e

obloassay procedures yielding total vitmwmin

Evaporated

* Data were obtained in our laboratory by mier

d activities -
iom‘jr %%gtg?n%% u%% miillek, 14 water dilutions.
1 Normal dilutions.
The most definitive sign of deficiency of folic acid or vitamin Bl:,» is tilxe: appear-
of hemopoiesis in the bone marrow. Failure 1 growth,

ance of a megaloblastic type
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fatty changes in the liver, and other phenomena also may be attributed to deficiency
of these vitamins but are much less specific, or even equivocal, signs. Apparently
both vitamin Bjs and folic acid are required for normal hemopoiesis. In order to
determine which is the predominant deficiency in a patient with megaloblastic
anemia, vitamin Bs must be tested first because all clinical types of megaloblastic
anemia will respond to large doses of folic acid regardless of the pathogenesis.

APPLICATION TO MEGALOBLASTIC ANEMIA OF INFANCY

The majority of infants recognized to have acquired megaloblastic anemia may
be included in three broad groups: those responding to vitamin Bis; those failing
to respond to vitamin By, but effectively treated with folic acid, and those acquiring
a deficiency of folic acid in association with a lack of ascorbic acid, in which case
the megaloblastosis may be eliminated by either folic acid or ascorbic acid. Charts
of infants illustrating each of these groups are presented in Figures 3, 4, and 5.

The infant whose chart is presented in Figure 3 illustrates the development of
megaloblastosis as a complication of scurvy and its disappearance on treatment with

9000
Gm.

|

8500

8000

X-Ray

v Gaws‘M///r— Z‘Jexrr/ma//ose ad lib 7

Therapy

- Marrow

|
Doys O 0 20 30 40 50 60 70

. Tig. 3—S8curvy with megaloblastic marrow. An 8-month-old infant admitted because of
signs of scurvy and found to have megaloblastic anemia. Treated without changing diet by large
doses of ascorbic acid alone. Marrow gradually reverted to normoblastic pattern during period
of 28 days. Uneventful lasting recovery. K

ascorbic acid alone. Ordinarily it would be preferable to treat such an infant with
hoth folic acid and ascorbic acid.

The infant whose chart is presented in Figure 4 illustrates the situation in which
a deficiency of folic acid predominates ; as can be seen, ascorbic acid did not prevent
the megaloblastosis and vitamin By could not cure it. Folic acid was promptly
effective. The infant carried the burden of a chronic infection, pyuria, from birth.
Other factors, such as antibiotic therapy, may have contributed to the deficiency
of folic acid. To be noted is the marked leucopenia characteristic of folic acid
deficiency.

In the infant whose chart is presented in Figure 5 the megaloblastosis was
eliminated by vitamin By, alone, indicating that this was the predominant deficiency ;
ascorhic acid intake was known to be adequate. Infection was not a couspicuous:

feature in the clinical history or findings. This patient serves to indicate that infants
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Yy

Age in doys B
Weight, Gm. 30 60 90 120 150 ‘IG I79 IGOH_HIBO
g

Biood 500 |-

Age i o0 i \ [ye L
ge in doys 830 6680 120 10 160 170 B0 19
Marraw 1t

[
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1
Therapy Megaloblostic L WNarmablastic
Blood —"mmﬁmﬁ, Fohe Aud
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Ascorbic Acid id Gmg 1

A drhindl
ey

Fig. 4—Meg: i i i ac ing i
vitam{i%n e Mgf,ﬁl@c‘):])ll)%srtécilzllfxﬁ?lar—.;}re?pons% to f()}lc acid following fuilare of asu iwhic acid awd
vedicle fistula and pyelone )1, it wi Cl imperforate anus. Surgery second day. Complicating reto-
'n spite of four transit ephri 1:. olostomy required on fourth day. Hemoglobin fell steadily
found in the marrow ,}[‘?1‘0“?)10 blood prior to 150th day, wh_en a megaloblastic pattern was
biotics were emplo od “ﬂn ood urea nitrogen stabilized at 15 mg. per 100 o, Various anti-
20 10 100 me dose); ,_achra f}i and .pareuterally, throughout course. Asq)rbic acid provided in
Seficlency V.i — ]gl ﬁ rom blrth'. Roentgenograms rev aled no evidence of aseorbic acid
ays Meirrow o IL‘I abm‘mistercd mtramt}scularly ha.d no. offect on blood or marrow in 10
o o IS nptly became normoblastic aft«_zr_fohg acid therapy and there was marked
cu ocytosis. ubsequent course was one of striking improvement in clinical symptoms and
marrow remained normal with continued oral folic acid therapy. Therapy with iren hefore
and after above therapy was without additional effect. ) ’

5500 T
Gm. i | | '—1
5000 [l

| | Weight |

3500 |-

l”ml”
I ‘ i i H
| | | : ‘ ! !

Vitomin By 157 IM | "[ i ‘i

o b
Ascorbic Acid ‘ L ‘ i
e | |
Days O 10

Therapy

5536 a0 80 60 70 “§6 80 100

Fig. 5.—Megaloblastic anemia—response to yitamin Br. Infant weighed 2700 gn. at hivel:
He had a cleft palate and was kept in a hospital 22 days aiter birth hecause of difficulty feal

ing. Reared on standard cow's milk formula, but always difficult t«:;lfc_cd.. Received adeyuaty
supplements of ascorhic acid and vitamins A and D. No diarrhea or infections had heen nuted.

When first seen at 10 weeks of age was found to be wndernourished and to have @ hemoglohi

value of 8 gm. per 100 cc. and a mega .
ascorhic acid alone had no effect. Vitamin B caused prompt return of the
marked clinical improvement which persisted for many months withou

therapy.

loblastic pattern in the marrow. Intensive therapy with
marrow to nornal and

t further vitamin B
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may acquire a deficiency of vitamin Bis, but further clarification of the patho‘g(?nes.is
is required. The prematurity, cleft palate, and consequent nutritional difﬁcult-les in
this infant may have been important. The role of intrinsic factor in the absorption of
vitamin Bys in infancy needs to be studied.

The practical consequences are these: Normal infants on the usual feeding
regimens including adequate ascorbic acid do not require supplementary vitamin
B or folic acid compounds. Sick infants require special consideration, since infec-
tion, ascorbic acid deficiency, and many other pathological circumstances may lead
to increased requirements for vitamin B, and folic acid. In cases of severe or
prolonged infections it would probably be wise to include additional amounts of
vitamin B, and folic acid in the treatment during the infection and immediate
convalescent period. _

SUMMARY

The spontaneous occurrence of megaloblastic anemia in association with infection
in infants and in monkeys is described.

Megaloblastic anemia was induced experimentally in monkeys by producing
abscesses with intramuscular injections of turpentine.

Analyses of the liver for ascorbic acid, vitamin Bys, and folic acid compounds
in natural and experimental infections are presented.

The low content of folic acid compounds in the liver in both natural and experi-
mental infections and the elimination of megaloblastosis from the marrow by folic
acid, but not by vitamin Bis or ascorbic acid, leads to the conclusion that infection
can cause a deficiency of folic acid compounds.

The application of these observations to the various types of megaloblastic
anemia seen in infants and to treatment is discussed.




