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Malabsorption and Jejunitis it American Pedee
Corps Voluntegts i Patkistit
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F P eorieALSPRUE, o syndrome of unknown
l canse clunacterived by diorhea, weight
loss, malaborptinn, amd changes in smail’
accurs in hoth na-
dve residenss and wisitors to tropical coun-
vies. The syndsome has been frequently
aescnibed i Favorean and American mili-

mectinal ccarnhe ooy,
1 .

iy persennel siadoned e Asia (1, 2) or
4), During lhq ]past year,
VCases nfsevere sympromatic sprué have
= observed in Peace Corps Volunteers in
wast Vakisian, and several cases have been:
Velunteers in Veneruela (3)—

H . L it
Pt o Rieey 78,

ACT T
Recent siwdivs - from  Thailand, India,
ntisian. _Prerteo Rico, and Haid have
hown a high prevalence of matabsorption
md gbnormalities of jejunal morphology
oo ampioneitic native-horn  individuals
w11 K e impaifmentof absorption and
dnamaliny of small- bm\'cl appearance in
dev“normal’’ persons may often he sim.
dar fi. degree to that seen in patients with
were cliviieal sprue (7). Since, in accord-
nee win he philosophy of the Ieace
AN Vol noecers live in a manner as sim-
fr as poesible 1o that of the indigenous
pprlation:, it would be of interest to know
ehether Votuneears develop similar abnor
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mipimal contact with the

oA,

mialities of small-intestinal Tuancoon and
structure, Thereflore ¢, @ study of Peace Corps
members living i in Pikm:m was undertaken
ll'l O[dCI fO answar ThTS (IULSU()]T.

MeTHORS AN MATERIALS

Studics of intestinal absorption were er-
formed on three groups of adult subjects
living in Pakistan during the perind 1061
through 1965: {1] 114 Teace Corps voli n-
teers,* 47 residing in West and 67 in Fast
Pakistan; [2].31 Ameticans and Luropeins
cmp[o}cd by various assistatce and -
scarch mgnnmllons who will be referred
to as “protected” Westerners in view of
their tendency to live in air-conditioned
homes, eat imported comorissary foo . !
avoid Pakistani eating places, vesnlioe, o
cpacal cnvinon.
ment; [8]- 106 I"zkm'nm emiployens of the
Pakistan-SEATO Cholers Labo-
ratory,

Subjects included in e sia o wore se-
lected .only on the basis of willagness (o
cooperate in the study. The numbey of
Pence Corps volunteers included comprised!
619, of the: total ,\Zmlumucr population
1cs1dcnt “in Pakistan at . the time of
study. The ﬁudmgs i {hc Pakistani om
plovee ‘group will be reporied in greacer
detail in a se]mra[.e' communication (9).

Rewaeh

The lhsmplmn tests were proyormed in e
hmpn al or at the Peace Corps dormitories under
the supervision ol a specially trained nurse 1o
insire completeness of urine and stool enlice.
tions. The 5hr-urinary excretion of d-xylose

* Sty subjects [roon amonge 2ace Corps Jolune.
) J : § l

teers are designated “voluntears.”
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TABLE 1. Xvlose Absorption in Subjacts Living v Pakistan
© Subjectss  Mean S0 Range Ssuhjpcfs
' Sylose Yxcriving
Excreliniit <8N f X slinng
o, > i £ Ha,
J'eace Uorps volunteers 1 5.32 1.81 - 1.0-9.4 45 (19.5%;)
“Pratected” Americans and Europeans K3 110 1.1 4,601 1 ‘-".
fukiplan emplosers jon zy4R {.57 mese.g 42 H') ﬁ'"‘

gt P Mk

* \nrm'tl mm,t 50 to I(\ 0 £

.'.ftcr a 25 oral dnsc was mcnsurcd according
to the method of Roe and Rice (12). Twenty-
four-hour urinary excretion of “Co vitamin B
after an oral dose of 1 He of the labeled wvi-
tamin given with intvinsic factor was estimated
following the method of Schilling (18). Fecal fat
wias measured on 72- 0. 96-hr collections (14,
15). Jejunal biopsics were obtained with the
Crosby-Kugler capsule (16) and examined under
the dissecting and light microscopes.

Resurrs

STUDJES OF XYLOSE ABSORPTION

Forty-five (59.5%,) of the 114 Peace Corps
volunicers had subnormal xylose absorp-
tion when first studied after 6 months Lo
2 years' residence in Pakistan (Table 1).
The prevalence was similar in volunteers
from the east and west-wings of Pakistan.
The incidence of xylose malabsorption and
the mean xvlose excretion were similar to
those in the Pakistani employee group but
differed significantly” from thosc in the
“protecied” Europeans and Americans (P <
0.0001). The xylose tests were repeated one

TanLy 2. Xylose Absorption and Length of
Reridence of Peace Corps Volunteers
in Pakistan

Number of Length of Residence

Subjects in Pakistan, Months
0-6 7-12 13-18 19-24
Total ' 17 17 3 7
With xylese _'
<50 g : & 717 9 A
Percent with vwlese B
<30 47 4127 42

)

or more times in 39 volunteers who were:
still in Pakistan 1 to 8§ months after (i
initial study. Fiftcen who originally had-
normal valucs remained normal; cight sub-
jects with loiv inidal xylose excretion again
had 'low levels. In another nine who were

- originally low,. absorption lLIltl!]l‘d to nor-

mal. Seven who were initially norimal dc
veloped xylose malabsorption during a pv
riod of several months' observation:
The presence of malabsorption of xvlose
did not appear to be' related 1o duration
‘of residence in Takistn. The incidonee

-

TABLE 3. Relation of Xylose Absorption to
Symptoms in Peace Carps Volunteers
.in Pakistan

Peace Corps
Volunteers .
. with Xylose: =

<Slg Shga>
Lost, weight while in Takistan 725, TR0
* Mean weight loss ), 1230 8&1L

Epigades of dinrrhea while in
I'akistan;

Less than once/month 2004, 3%

1-2 tmes/month 2547, 436%
More than twice/month $6% RELg
Within 2 weeks before xylose ™~~~ - .
test 53% 315%..
Gastrointestinal symploms after :_
eating Pakistani {oad 379, 40%

Parasites present in stool* (on” 3y - -
any of 6 to 12 concentrated

specimens) T 417, 439,

* The parasites most commonly found on skool
aminations in hoti groups were Fntanocha fistel ties
-and Ascarts lumnbricoides. ‘ g
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MALARSLKDPTION
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sl malabsorprion was smlar s .suijjécls
sindied alier G memths” residence and in
e whee had been in Pakistin 18 o 24
ntt st the time of sudy (Table 2), tn
wbdition, 1we f Tsiv vohdtens staedied
within 6 weeks of arrival in Pakistan failed
lo absorh xylogse normally.

Imparemient it gylosw ubsorptive ripacity,
alsio il wap orrchine well wiih the Ris3
ence or ahsene bf symproms. This-the
incidence of weight loss, frequent or infre- -
quent episodes of dimrrhea, diarrhea du'rfng

Shei JETUNITIS 1N VOLUNTELHS IN

CARISTAN 1205

the 2-week period immediaiely belore
abasrption sliadby, and eastraipeestingd dnps,

“ederanet b Paldsiand foond Wae sintiioe i

the giaaps of brilenseters willy hoed o ithou
tn:ﬂnhm-ﬂiﬂinii ("‘.I‘;;Ifl:; o h ie:
“nated that the Incideneg ol 1hese syimphins:
was rather high in bath grenps, While
whitilin 198 A8 RGNS EOMILN 1t
gronp  with inalabsorption,y the  mean
~weight Joss _\-.fas_‘g_l:c“.;:l'_e1;‘_1'11_1]‘115“_'{:"1'{7)1113__(}2.3 :
Ib) than in that with“vormal” absorption— -
(8.8 h; P>0.08). The incidence of in-- °

S'!l]§l§¢f

TasLe 4. Pcace Corps Voluntecrs—Absorption Studies and Biopsies

t See toxt.

Subject. Time Svmptoms Weight  Nvlose Schilling  Feeal Jejunal biopsy
in Toss Test | Tat , _
akistan ’ Dissecling *  Histolngyt
L .o s - == - -~ Microscope® .-
wrenihe ih L e g/day . T .
olunicers with normal xviest K
K.C. 6 . Minimaldiarthea - 0 5.1 1.3 13 L>F,R -+ - Normal.
[N 6 Diarrhen 0 6.7 55 a4 T L>F o Miid
11 Xnne Gained 5.4 10.8 3.2 L»>R,T Moderafe -
S I 6 Diacrhea 22 - 3.9 2.2 50  L=TF Ahid
11 Diarrhea 26 4.2 2.6 RA4-L, rare T Moderate
L. i, i Niarrhea 43 5.8 29 2.5 L>>F R - Mild
AN i9 Diarrhea 20 7.9 8.8 L>>F R ‘Normal
D. . 19 Diarrhea 5 8.6 9.7 : )
ik 19 Diarrhea 18 3.8 2.3
IFAR 19 Diarrhen 0 6.7 13.7
w. S, 19 Diarrhen 7 3.2 85
G. 1. 19 Piarrhen 40 0.1 1id
n.S. 23 7 Diarthea 5 6.0 3.1 -T2 R, Corarad Moderate
LR 23 Diarrhea ) 5 5.3 154 20 L>>® Crare I AL
WAL 23 Minimal diarrhea 5 6.7 4.7 3.0 LR, QL Alid
Vaiuntcers with abnarmal xvlose
T, 6 iarrhon 0 3.8 4.5 2,2 L>»F N AModerate
DN, 6 Diarrhea 0 2.6 4.7 L>>T Moderate
M., 6 None Gained td 2.9 2.9
B H. 7 Piarchen, Mutulence 2 4.3 0.8 6.2 Ly Afild
ML i Severe dinrrhes,
abdominal pain,
tintulence T A0 24 31 L>%F Moderate
1§ Noae (tetracyeling Gained 8.2 2.0 L>»C ., Alild
‘reatment} ;
YA, 14 Diarrhea 10 4.1 11.5 P
K. H. 6 severe diarrhea, , l
weakness as 7.0 0.6 10,2 L>I R i Mildd
W, C, 19 Diarrhea 30 413 7.6 “¥F=L, R, G, Aoderate
FUR, 10 Dinrrhea ) 26 0.7 '
D%, 19 Diarshea ‘- 25 34 8.8 :
Normal values 3-10 §-20 <6.0 ;
*Lo= Jeaves, I = fingers, R = ridges, © = canvelutions. !
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D-XYLOSE EXCRETION, GM.

Fores 1. Correlation hoetwoeen xylose and Schill-

ing tests in Peace Covps volunteers, The tests were

Sserformed within 1 to 2 days of eich . other incach.
I ¥

sulyjeet.

testinal parasites was similar in the (wo
groups. and the specific parasites found in
cach group were also similar, None of he
subjects were ancmic or had glossitis.

Most of the vohmicers in both groups

had intermittent episodes of diarrhea, most -

commonly passing three or four soflt or
watery stools for periods of 1 1o 3 days
several times a month. Two, however, had
severe diarrhea associated with numerous
bulky, lighl.-colurfzcl stools, pmgrcssjve
weight lnss, and malabsorpiion {palicns
M, Boand I iL, Tabie 4). In one, it
i improvanent aeentred during a 3
week endirse of teoneyéling i the other,

there ware equivocal symptomalic responses

ta courses of tetracycline and folic acid.

VITAMIN 10 ABSORDPTION

The Schilling test was performed on 23

-~ volunteers (Table 4). There was malab-
sorption of vitamin By i 12 (52%,). There
was A general correlation between xylose

and yanneobalamin absorption Tigure 1; -

p = 0,10, P < 001): Fhus.of 10 volunieers
with Jow xylese-values, 8 ad low B,y ab-
sorption: however, 4 of 18 volunteers with
pormal xylose absorption had Jow Schilling
test values. Seven subjects who initially had
TTow ']’:_1_2..31]_1:_‘591]153211', seere. restudied 1.0 6

months Jater. In -ofie the “valies- had" e )

Linbz s unl, RLAT, aNb PR

‘!_ .i“]il'!]: C;

L

turned to nonnal, bu iy ain ey were
stil] low, T'wo of 1he Inthey groujy g Ry
aherrption values G the lownonal g
whien studied (o the thisd i it
alevt the origitad Sehitlinge (56l ;

©FistAL FAT o

6r 11 volunteers studind, only 8
gioeload Tucaking caietion (FLa el G
g/day) (Vabic 4. Both of these RGN
also had malabsorption of xylose and T,
In both, the fecal-fat excretion larer re
turned o normal (in one, alter antibingic
therapy; in the other, spontanceusly).

While impairment of absorpiion ol -);.-j-':
lose was usually p;},rallf;'lcd by malabsorg:

“tion of vitamin By, fecalfat excretion was

gormal in several individuals with spoor
absorption of xylose or cyanocobalamin ¢
both. Similar findings have been noted in
our Pakistani cmployees (9). Since fat i
ke was not controlled in these studics
Jhe failure 1o demonsirale clevated focal
lipid levels may be due to-the. generail
reduced intake of fat in tropical diets.

e g A

5= s ‘ w
o u\ “\5 P v %y S
Vil ;’1  TC T T TR S

o Tguwn UL Taddent K. 1., a volunteer with'severe
Qikrrhen and malabsorption. Dissecting nycinsope

appearance ol jejuual macosi, Most vilit avy Iaef

o like. A Tew vound, finger forms.ari prosent, a8 Wt

as clongated vidges such as those that can be sas

-=near the. bottupi of the ficld, (< 50 -
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mikd enigritls was civitacter e oy .sﬁ[ég_fl!.
lenghandag of o v anl o] agm.
hevy of chvobie ullamomanioes eells By e
T pnpayi {(Fijgare 13 fuevenaed nod
bers of fymphoeytes itlilteing the viilus

oA
,.f:’ff epithelivnm were present i sume. la Lhe
) . . , .
“ Biopsics with mateeate gnienitis, there way |
id pooerspbteivdid Papip Bf o Rpipi oy

AEE Trrepular digended villi with dense
chronic inflammatory cell infiltraje in the
lamina propria, variable numbers of lyme

o S

Bt T3

Ay

- & £ 7

} - }}: by phocytes i the epithelinm, and mild cu- -
i e boidal change in the epithelinm at the tips
"f.  Towg ) : . of some villi (Figure 3). Eniarpemeni of
',x.v, ENY R IR oY Fhoa B epithelinl cell nucler such as has been de-
e o ’ seribed in o advanced  tropical sprue was
o 7 : ’ not apparent. The hisiologic abnormalities
figra 3 Jofumal biopsy from Voluntéer F, AW, were generally less severe than those pres-
who had mild dinrrhea but normal absorption of ent i the El'\-’Ci‘{{fé‘C “nermal” Pakisia ni (%),

splase amd Dy at the time of biopsy. The histolegic
arpedranee is normak, The nermal scalloping of the
willts borders {probably due o contraction afrer
amtact with the fixadsd) s present. Under the
lissecting micioseape ther, were more leal-shaped
than forger-lise villi, {Hematoxylin and ensin, x 80)

JEJUNAL RIOPSIES

R RV SETEY

Seventeen biopsics of the upper jejunum
weie obtained from 14 volunreers, 10 of
whort had wvidence of malabsorption (Ta-
hie 41 Undder the dissceting microscope,
ione of the biopsics showed the predoms
manthe fingerlike villose architeetore saicl
w e nermal for Ameriean subjects living

: i oae Undted Stnes, 1'wo had equal nume
oy of deaf-like and inger-like villi; in the
g 0, the majority of the villi were
cwafdlke 11 sndijocts i whom lenflike
alit proedomiasmd, sope vidge-fike  villi

Qe stel (Figura 2, and in 6 of this group
rvaitted fonins were seen as well, In five
Fihe individeals with ridge-like villi, re-.

H
 r,
v

us ol ;\}‘305:, and Bis :IhSDIPHOH stueligs who had dimrhea and malabsorption., Histologi-
sere normal during he davs immediacly cilly. this wus considercd 10 be “mild” enterjtis,
. ’ - I

: - e reaseel dnfls atory-cell infilerate -in the lamiwy
wiore the biopsy (Table 4): the remaining  nereased inflizmatory-cell infiltrate in the lamisa
. . R ; . plopria. slightly clongated and hyperplastic cry s,
3¢ Biad impaired absorption, | " oand inereased numbers of Iymphocyies infiitriting
I-[isz_ologfcally, two of the specimens of the surlace cpithelium are present. There s e
" . - TOULe AT - Rer ; . el e .
#jmal mucosa were considered (o he por- @%@ n-sandloping of the vilius borders du S
103l (Fi .- . ) mild inflammatory distention of the villiz The willi
Hia (If'g”‘cr 3); eight were judged o have were predominanty leafsshaped under the e
mild” and seven, “moderate” enteritis, The ing’ microscope. (Hematoxylin and cosin, < 803

and i nonge of the subjects  (Including -

Frcure 4. Jejunal Dbiopsy ' from Valunteer 1. ., .

°
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Frerne 5. Jejunal biopsy from Volunteer 1L T
wha had diarghea and malabsorprion. “Moderate”
enteritis is present, Lhe crypteto-villus ratio vitjcs
from 1:4 to 1:15, There iz dense chronic infiam.-
matory ccll infiluate in the laminz propria. Under
the disscetling microscope i mixture of leaves, fing-
ors, vidges, and convolutiong was observed. (Hemai-
toxylin and eosin, ¥ 50

o valnnteers with marked diarrhea and
weight losg) were the changes severe o
comparable to thosc scen in classic celiac
disease or nonkropical spruc.
Absorption of xylose was normal in the

two volunteers with narmal histnlogic find-

ings and in six of the cipht with mild en-
teritis. Malabsorption wus present at ithe
time of biopsy in five of the seven volun-
ceers with maderace changes.

CDiscussion
The Peace Corps represents a radical and
Lften successful social experiment in which
Americans live abroad in amanner as sim-
ilar as possible 10 the indigenous popula-
tion, while performing often highly de-
manding and challenging tasks. Tt nust be

1'QCOglli£C(1, however, that such an. attempt..
at more ot less Lotal assimilation of the

ways of a tropical coumry, in which stand-

DR NTALING RENT, AND SPRINS

1 !

st W - -
Drdroaal Med gy

ards of sanittion miy be o vy fow and
Liaeases to whith Amerieans iy haim ®
Winkitafeadbbe plifiting e x-i!’é;:: e i
vy 3 sk He s Pl s
thee sk, shg Bedis Corps Hos botitie Doy
Cae Bl yinpned it pecgishe T g
Vinunseeeis inciiclag
alrretineg teitly I IR TE R TE U FHI L U
Fooad and water fn trople coitinbrits, avd
]wcriwlic health checkups. Noncthdless o

LT '

T orla

itintiiS ibne,

certain minimal, probably iicducibl
remains. For exampic, the Peace Corps
Valunteer may well insult his hosts if. o,

Cinviation inte a local home, he refuses

gcne:’ous]y offered [ond on ihe grounds thag
it has been prepared without the beaefic
of modern sanitation and stored withomt
refrigeration. .

The fndings of the present stuey inds.
cate that onc of (he risks 10 which a Peace
Corps Volunteer is exposcd is the wopic)
malalsorption syndrome. About 4077 of
Voluntcers stationed in Pakisian durr. the
period of (his‘report were found to have
malabsorption. Since xylose s predomi-
nantly absorbed in the duadenum aoa up
per jejunum (17) and By, the ilenin (IF,
1% and since maldhsorption of oty sub
SLANCES WS COommot, a lesinm inve!svisy ihe
entire small bowel is implicated. Heal b
opsics, however, were not cbhiained in 1_'}1}‘_
present study. ' _

When jejunal biopsics obtained Trot,
volunleers were viewed under the Cnsert
irig microscope, 1’ gvery instenee leal
shaped villi were Tound in cqur . o e
olien, greater pumbers than the Gogerikc
forms said o be characteristic of nonnal
individuals residing in the. United States:
We have observed similar Gndings in na-
Live-born Pakistanis, since in nonc of moie
than 200 biopsics examinea (o e from
86 Pakistani subjects have finger-like vilit
predominated. Others have repotted v
occurrence of predom mantly leaf-shar=!
villi in p:llicms' with idiopathic steaterhe.
after suceessful treatment with a glutendre
diet (20) and in jejunal biopsies obamc
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- distal 1o the gastrojejunal anastonuets in

paticnts who have undergone grinceionty
21y Several workers have sepgnesiad 1l
jeal-shaped viili vepresent the corliest soage
ol muensat aboermaliny or are
el stage between nereid and abnormal

Transi

(20, 215 0 this concept 1s csvrecr and 2l
fusther studies b other Ve Ju: s iu. ar out
ant friad fanlinge:s gt fdgsig Lienywed

damage may be presesnt in .t“ \-’C)}llnlCCl's
living in Pakistnn. Prospective studies arce
needed -of the appearance of the jejunal
North Americans belore and
in a tropical environment.
tlerniled studies of the
dissecting microscope appearance of small-
mietinal mucesa in oa l'ngc series of nor-
nal North L Amdeficans . are” available for
COMPITISUIE,

Alalabsorpiion was commonly present in
Volunteers within 6 months of arrival in
Pakistan and its prevalence was no greater
alter 18 to- 24, months' residence in the
country. The onset of a tropical malabsorp-
tion syndrome within 2 few months (or
even weeks) after arrival has frequantly
been reporied in military personucl sta-
toned in tropical enunitries (24, 22).

In recent years, reports from a number
ol tropical counirics have indicated a high
prevalende of bowel damage in supposedly
nermal members of the indigenous popula-
Studies of Thal army rccruits -(-6),
coneral Scuth  Indian subjects. (7), rural
mbabizants of ITaid (11), Pucrio Rican
villugers ind ainy recruils (]0) West Paki-
aani prison inmates (S). anel last Pakistani
Iaborarory employees (3) have shown a high
prevalence of malabsorption and chrenic
enteiitis i mucosal biopsies from asymp-
wnatic  nalive-born  individaals. Iz s
against this background that the devel-
opment of similar though generally less
marked changes in Peace Corps Volunteers
iiving under conditions closely approxixnat-
iz thosc of the indigenous Pakistani pop-
wletion must be viewed, The rapid develop-
in Vaolinteers of small-bowel diseasc

aMmcosa  In
alier residence

Hem.

1314 a4
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similar to that present o vivinably ol fuse
ovistands () stggrests That the smallane
toainal damape observed in asympronotic
residents of canmrics s o an
auquired  baxis, due (o an tiviteningnisl
suher than o geoctic addnence, 1t i -
\un;h) that the ivt{:d“'..tu ol nml\.bqolpr
5! nowhg mm-mnhln i the ~aitral praop A
“proteciad Amorisang and Europeans, live
ing in comfortable atr-conditiohed homeas, 4
cating predominantly imported food l:»:‘é—
parcd under more saniiary conditions, -
rarely or mever catir g in Pakistani homes
or Jcm{_hjdc TCSLIALIITTLS,

The cause of the abnormalities in bowel -
funcion and soructure ameng indigenous
subjects and Volnnu,ms in Vakistan is ol
scurc. The poa.sxblt. contribution of infcc-
tion or changes in gut bacterial flora re
quucs further study. The occurrence of

tranien

is nowe-

T spruc in cp:(lemlc form in various p'lns

of the Indian subcontinent has been re-
peatedly reported (2, 22-24}, and responses
to antibiotic therapy have been observed
in spruc cases from ITong Kong (25), "Ma-
Inya (25), Tuerto Rico {(26-28), and Paki-
stan (9). Attempts to isolate a causative
viral or bacterial agent have so far been
unsuccess{ul (11, 28-313.

1t is possible that some of rhe hutologic
abnormalities found on jejunal hiopsy vep-
resent adaprive changes in response to an
increased variety and quantity of organisms
ingested Ly the Voluntecrs under fickhd con-
ditions. Similar changes, such as inflamma-
tory infiltrate and crypt lengthening, arve
scen in germ-free animals after expostre
te normal bacrerial flora (32) and.anay noi.
neccessarily represent “diseasc’ in e sense
of something harmful to the host organism.
On ihe other hand, the presence ol mal-
absorption in approximately half of the
volunteers studied indicates that, ahuc wis .
reduced functional capacny of the nnmtmc‘u
in additien to the structural changes.

Transient maiabsorption, ustally with-
out associated symptoms, s 2 conmon
sequela to acure small-bowel infection and
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