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The relationship between haematological measurements
and hookworm inlensity
in children of two rural Bolivian communities
Correlazioni tra rilievi ematologici e inlensita

dellinfesione da anchilostomi
ine bambini di due comunita rurali boliviane
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SUMMARY Objeetives Tl iron stains of 2= 1o Qyear-obd ehildren living in owe vaval Bolivian eommunivies (Mure mnd Zanja Mol
wae evaluated and analyzed 1 derermine the elaganship with Tookearoy infection.

Methods Tron status was assesscil by measuring hasmoglulin |:H|I], siuamn Fereiin (BB, seewm dron ab], anl teal dransheerin beeels [(THl A
copropasasitolugivn] cxaminarion was sk perlonneal,

Results [acnroglohin, serann fereitin, seram iron, and transhorrin sntavation mean levels were within the range of nomual vilves, He Latul
prevalence of anacimia was 234%. OF the 164 subjeers examined in the te conmmdies. ity (5.8 ) harbotred hoolowora. Faceal cultiees
af 43 positive specimens produeed 754 larvaz of Neeafor. The disaibition ol egas per gram of laeces [epg) was uestinly Bevwiin 0 and 2000
epg, and onsly few subjeets presented heavier parasite foads. b Mora there was 2 significant negative correlation hetween Tty geruin Leezitin
andd trapslersin saturation levels and hookworm intensite, Tn bodh commanities wogative correlations, although nof statistically significans,
were also ulservel Lotween e other baematelogical measmrements and hackworm intensity,

Conclusions Hookworm infection seems wo be an fuperant contibatory cause of ieon-deficiency anzemis i Qs pwo commmmities,

KEY WORDS: hookwonn, iron deficiency, apaemia, Bolivid

RIASSUNTO Obietiivi Volutare il biloncis smalico del ferro in bambind di et compresa fra 2 ¢ 9 auni df due eonunita ruraly boliine ¢
metterly in relazione all fnfezione do anchilostoms,

Metodi Sona stato deferminati i fivelli ematict i emoglobma (Hb), ferviting (55}, siderenin (S]] ¢ fransferrin totale (T3). Inolire € stafo
ERREIIE B PAGIE EOprOparissiolEics.

Risultati [ lioelli medi i emoglobina, ferriting, siderenia ¢ trangferving sono riswlfai nella novuu, Lo prevalenzit toiale di anemin & misul-
tastss pard ol 23,4%. Dei 184 soggetti esaminadi nelle 2 omunita 66 (33,9%) sono risuliati infestalé da anchifostoni. Le polture fecalt i 43
campiani positivi hanno prodatto 754 larve di Necaror, La distribusione di uova per grammn di feut (pg) era nello maggior parte def ensi
eompresa tra (e 2000 epg, e sulo pochi seggetti presetavann conehe parussitarie pin elevats, A Mora & st ricontrata wng sgrilicelng
eorrelazione negativa bra livelll df forrittng e snturozione trangferrinica e intensiti dell'infezione di anchilsstoms, I entrambe le comaniia
son0 iale vsservate gorrelnziont negutive, anche se non statisticamente sigmificative, tro gle altn parametre emaielogics e Dintensitd dell infe-
zione.da anchilastome,

Conelusioni L anchilustomias sembra essere un‘importante soncausy nel determinisme dell anemia siderapenica in queste due comerite,

PAROLE CHIAVE: snchilostonuinsd, carensa marsinle, aneus, Bolivia
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Introduetion

Auvaenniian i abeTineel as (e veduetion i laenglobin concentin-
tion below levels comsidered mormal Tor age. ses. aml pre-
Ly statis, A Al o 1||‘|:||'il'nl1 weenes Defore Bilood
Baennonghohin (1B} comeenteations fall below the normal valies.
A aleterivrating ivon status can be aonitored Dy the measire
ment ol seonm ferritin (5F). irnsfeenn satation (15), ml
frve ervilieocyte protoporphyrin (FEP)(1). Low SF levels no
accompanied by any other almormal parameter of iron statns
inelieaie ;:Iur;:{_‘rlr v tirpll:liml biefore the onset of latent or
manilest ivon deficieney, Decreased fervitin amd T8 with
inereased FEP detect Biten iron delicieney,

Abuwrmal iron delicieney indiess combined with a significant
fall i civenlating haemoglobin levels ideatify ron deficieney
L

Hookworm infection s one of the most important eanses of
iren loss in e deopies due o blood hiss ocenveing durisg the
parasite Feeding aetivity on the gastroiniestingl mueosa (2.
Progress 1o iron deliciency i dependent on-several factors
ineliding the spevies of hookworm involved, the miensity and
duration of infection, the dietary intake of bisavaidable ion,
anel the state of irow stores in the Doy (3.

A surver earried ont in three commmities of the Gordillera
Provinee, Santa Croe Department, Sonth-Fast Bolivia showed
a hoakworm infection prevalence of 28.0% (4]

I the present sty the iron status of chililen iving in two
rural eommunities of the same area was evaloated and
analvzed 1o determine the relationship with hookworm infec.
Ligwe.

The study was conducted with the agecement of the Bolivian
National Department of Epidemiology of the Ministry of Social
Wellare anel Public Health, during an evaduation of the dewor-
ming campuign (5},

-

Patients, materials and methods

Study design and population

Fieldwork was carried out during the dry season {July-
August 1990) in two rural communitics. Mora and Zanja
Honda, situated in the Cordillera Province, respectively
about 100, and 85 km south of Santa Cruz de la Sierra.

The two localitics lie in the foothills of the Audes at an alti-
tude of about 450 meters, The hygienic and santtary condi-
tions in both communities are very poor.

The population (544 people in Mora, and 224 in Zanja
Honda) kives in huts without any hygienic-sanitary equip-
ment or services, Indiseriminate defaecation owtdeors is nor-
mal, as is also ihe habit of walking barefoor.

Subsistance activities consist mainly of agriculture and ani-
mal breeding. Diet is mainly based on maize, rice, beans,
and potatoes,

A meeting with the inhabitants of the two communities was
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arzanieed o exgdain the puepose of the siody, aml s proee-
dhres. Ty Hlllli_\.‘ NIIIIii'I'Lh voisisted of all availalile, wd VTR
cently Tealthy, ehildren twa- g0 nine-years old (154 of whom
1 fertalen anel K5 males).

The stuedy population of Mora imelided T subjecis, while e
Lo Tronddi sanple population consisted of 635 ehililren.
Faceal sample, ngerpriek aml venows Blool sample were
tatken Tromneqicly stilyject.

A il v of stool ad Blesd colleetion, eacl ehilil meeeeved
aanthelmingie teestment insweeeement with the Ministey of
Healthy Peogram of Parasitee Dis
subijeets had previonsh recvived dewonming freatinent or ivn
splenments,

s Lontrol. None of the

Haematology and parasitology

Hacmoglolin eoncenteation was assessed from ﬁllgi‘rill'ii‘li
Dol seumples wising o portable lienwdobinomeses (Cliema 1
SEAC Dy, whicl was rechorged anl calibrated each dday
before use. Anacinia was dingiosed for b levels below 11
g.ﬁlf. in elilieen agﬁl ER IR s, aiwe] Twelow 12 ;.ij'r". i elul-
dlren agesd O 10 9 vears (6],

Verous Blood somples were contrifuged and the sermm peeaye-
vedd. Sevam samples were aliguated, lrozen s =20°C, and tran-
sported o Traly in ey fee samiples weee still frogen on areival
in Florence.

lrom statis was assessed by measiring seram Teeeiting serun
iron, and wial transferein levels, Seeum feveitin was assessed by
a1 Bnmanomerric assay (IMX, Abbou, Chicago, HHinos),
serun iron by o Fervozine method {Fris, Merck, Germany ), aul
total transferrin by a nephelometric metod (BNA, Bebring,
Germauy ). Tron deficiency was considered for vither TS helow
15% aud/or SF below 12 ng/ml (7.8).

A single normally-passed stool sample from cach child was eal-
lected i a lal;ri]r_:ll plastic vial with 10% formalin (Para-Pak,
Meridian Diagnostics, Inc., Cincinnati, Olio} and then proces-
sed according to a modified ether-formalin sedimentation weli-
nique (Para-Pak Macro-Con System, Meridinn Diagnostics,
Ine., Cincinnati, Ohio}.

As part of the study design for efficacy evaluation of the depa-
rasitization program, 50 mg of a stool sample were also exani-
ned in the feld nsing the Kato thick smear sechnique to deter-
mine the egg counts (9). Faecal samples found positive: for
hookworm were eulured in order to differentiate hookworm
species.

Statistical analyss

Data were analyzed by the Chi-square test, multiple linear
regression, and analvsis of variance for unbalanced design.
Data on hookworm intensity and other variables (age, hacmo-
globin, serum ferritin, ransferrin saturation, and serum iron)
were logarithmically transformed before analysis. An adjust-
ment procedure for missing values was done by impuring the
mean of the recorded values to missing data {10],
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Thee vrean beveds ol dedisoes ol fron <o .||'c'|ﬁr'||i|'_;_', I age
aned fwnlivies are sliown jooable 1 Pacwelabin, serm Trr-
fine, sern on, wd transtersin satoeacion mean vels were
within: the riegze ol wormil valies, Mo dilTeremes s ilsee
virl betwren sexes Toe T, S and TS mean leeels, while 819
venn level weas signilivantly fower inmmdes e e Feaales
(P=2 when the papalations of e two cammaities weee
coisiclered elobiadly, The 2 0 Soyear-ald children lving i
Marn sl e Hi"ui'rir;|n1|r st ||I|1‘;1I(;;.f|i||;i|!- aneett leyel
i the exanined CEHIS [l’—” O wehien coupared sl chil-

alren al the sene e Tiving in Zangn Haoda, and P=1L 00080
ventiparel with m!u [|;||[||| SN "riﬂlgll._ b the sanme
llElfl alsas e sl e \.u|||1'-. LH T4, wnd SIT 1endied 1o
e with i1|1 reasing g g the pemrary i Fanjar Honea
|Jn|1, S0 aml 1 wumu*| Hie teeend, whilie |.||'|rhu;_|u|-||| el =I¢
pean vitlies e I|I,|I o Qo devrease wiily mereasing age,

Fignere 1sbiows e distvibamion of slaomual values of Th, 59,
il T acenniding 10
aneniig wis A3 4%, The older ehililien |J|'|'.t.|'||1L'd |Li:'_'»'|||'|' e
wiia prevadener e voager ones, This geoeeal e was
frersr 1l i ;‘i‘trljd ] fernveka; an ";iclm W |]| e Mo podad ammeia e

walener [20)9% 1 wus Digher than that of Zanja Henda (10.0%)
'IIJ_[J I}I e 240 - Yl il chifedpen sl o h§'||!-||1 .|I'|I|\
|Il"|'t‘l pruml. e I"‘H'”"j thian the same age groap i ':".m]ﬂ
”:JIHM L'l (J'!'E-] ||)a.ﬂ I:lJLl‘l' Abmoermal 51 ¢L=|r| TS levels :;'l L

wnel 4 1LE%, re -pui:w ] were disribided in e swsdiod popne
latinn wllJlqu -\I"'r]IFII.;J,I*I dlifferenees Tor loeality, age and sex
Ll ki general Ill.ml shuweedl ligher prevalenees of |lwr BT
tranions i younger ehildren,

Thie Lindings coneenning Hur presalenee of Dosloworn inleciim
i the fwo cormmnnities sxomined e reporred iy fignre 2. 00

Coi -

il docality. Pl ko presalenee of
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the 14 atilpeets 1x i e thes e conmies, Gty ['i'—l B
Bl howekow e, s o e al eleilileen o the 00 v
e srangs showed o ~.|"|||{|r.|||||L hugler peevalenes (5 V1 ]
than thise i the 2-5 v g o (20N =0 ilfllﬂl
1vennat s [re e ul u |||*f||| o8 3]|||.n||u'|| ni -.|"‘|||r|r‘1n||1 inlea-

P eane (L0 n] e males (312%0 I’ml;L liviig in Fanja
[emsahin resialiel signilivan ey (=000 e lldI.IHI11:’I'| ihan
Husse living in Mora, witll provalenve vates signilicanily higher
i Lothe e gronps, Pageal ealinees of 65 positive specimens
rnmlmu-:l O larvae of Necaror. As fae s lookworn inlensine
ioemerened ] the distribation of cees e gron of Taeees frpe)
wind iy hevween (5 ad 2000 epe Tiaeee ], and saly Tew
sibijects presented leavier 45:u'-:l.1'iét' leuds, wille s i
walog: of 8220 spo. o Moes the arithmetic mean [ skl

deviation) ol paeler ol v eliminated ||\ prasiitve sulyjeers
was TT0E1R34.3 H‘-I-‘) Iyt 'J r[] (B 1T] 1.|||||1<'|| antel B30 44 |'-'r1_:'7
i kel ehiledien], while in #a 1ji il i was 1288 121603
CR2OAE2 TR i yonnger childeen and T2ET.28 11458 in
alder childven [P=Ra006], The childven of Zanja Tonda e
sented o signiliconly Righer parasioe load Bl inothe 225
PP=UO04 o e 0-0 yoars wae chiss [P=O01 We olser-
vl o hi;f_nirii:nnl differeices in ir.llvnﬁ'll_\' Bretwernenn e seses o
b Hhie vovo e gronps o vither loeality,

T velationships beraeeen hacmoglabin and Teevitin fevels aml

lewrliwirm inlensity, is shown i J‘ig,ure 4. Nocrelaon b5 alser-
weil tor 1Tk levels, whils fevritin levels cended 1 devreease aiih
AN TIEPERSG 1L epg. A negative correlation berween 51T levels
anid hookworm mrensity was observed when the analvss by
muiltiple cegression models was apphu L, bt i Mora {stalishi-
vally surnificant; P=0.0007, b=—[L17) sl |1| Lanja Honda
Lllut hmusuu:all_-, ulgmimau  P=0.006, L=—(1L05!

There was also a negatve correlation, althougl nol starisically
significant, between baemoglobin and hookwerm intensi,

* Values srown @re raang 150

LEVELS DF IKDICATORS 0F IRON ACCORDING TO AGE AND LOCALITY
EEEEEEES e == == = = e e
Locality Age HE 3l TS SF
fyears) i) {ugimL)® (%) ing/mLy®
Mara 25 11.52¢7%.80 SE.08L24.07 162427 BY 2337t 16.44
F-0 12.45+112 B1.86+26 73 17542857 27831918
Tatal 171 845,40 B2 1680808 .00
£. Handa 2-5 1244073 B3.56E22 71 R AaTA418.78
-4 12200815 TEHLE28.00 20E48 17 1 PRG.56
[t 12.35£0.90 B8535 25 50 1728747 22252 18,55
Total 2-h 11.065 141 nEGHEZD 61 749 22SENTET
64 12332113 60 5oL E7 .62 18.6043.39 251221683
Tetal 12084132 82 31425 B3 7 484730

TABLE !

1
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Figurs 1 Drstribution of abncima! values of haemoglobin (Hb), serum femiti fSr)
and fransdomin saturation (T5) in childkan fving in Mors and Zanfa Honda, Bolig,
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Figwe 2 Prevalence of hookworm infection, according 1o 499 and locally

Dot i Mo anel Zanja Flouds, o well as o oegative correlas
tion hetween ST levels and epg both in Zanja Honda (not stati-
stically significant; P=020; h=—0.08), and in Mora [<tistical-
ly significant; P={Likk li==0.05).

Discussion

In this study on the relationship between ivon status and
hookworm intensity in the 2- 10 Y=year-oll childron of twa
rural Bolivian communities the findings on anaemia are in
agreement with the esimated prevalence of anaemia in aiher
Latin American comntries (11)

The highest ansemia rates were observed in older childven

&Gﬂ*l

Prevalence (%)

0 1-500 501-2000 20000
M. eggsly of faeces
B vies Bl 7 Honda

Figure 3 Hookwerm iniensily classes, according fo focafiy,
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“igurs 4 Asahonahin hemwoon hacmogichin or senan T feidis and
oot ey i e and Sanfe Ao

iving i Lanja Henca gl in younger ¢ Diileleen Bving in Mora,
e prvamerees of v slatus of e ||r||sn=||.1r|rm supyvenid wer
aithin e eanee of oormal voles, with sone dilTereiives
Between the two e grongs. Younger chiliien, parienlacdy
those Tiving in Mara, showed aoworse v stanos e conbd e
rxplaine L Iy heir prelisposiion todevefop ron dilicieney
Lieeanze of their smeller reseryves

b soene euses, subjeete with T8 below 15% presenied pormat
Al feweds. Thie diserepesey may e eelated e eoexistent inler-
Cerini conditions soch as o i inflanution, ve minor infee:
i, K fo prochiee we inervase e SE levels ineespeerive of
BEUNETESTTER E B

T dleficievey seens to be e peedommant conse of aszemia
in the |]<1|1Li|¢|.|mr[ surveved and the lindings ephasize the
imprlanee of combined nse of tea or o Ifmnwcm tests [
e assessment of feon statas and the dingnosis ol oo defi-
CLAICY QEABeILE.

When haenatological wessurements were relatend o intestinal
parasitologiel statig Tor heoksorny, ees were negative reli-
vionships hetween hookwora intensity and hacmoglobin,
sevu forvitin andd reangfarrin saturation, that coulid he ex'|ﬂal
ned by storage iron cinlcij{ru 25 a consequence of nieslinal
blcu‘lmﬂ tlue o hookwoin infection, However, this negative
rnTrPl.umn wag significant only m Mora. The absence of asta-
tstically ssgnificant correlation berween hasmatolagical and
Julils: wsuomglcal parameters in Zanja Tonda, whers nmndwau-
ty higher parasite prevalencs and invensity have bee-.n abser-
ved, is striking. Nevertheless this finding conld be explained
by theJow m‘?;F"cnoq intensities found moouwr population, and
b\ the species involved. [n face, Necator, probably the sols
species resprmzible for hooleworm infestion in these communi-
ties, 8z cvidenced by [aecal enltures of positive specimens,
camzes an intestinal blood loss five tines lower than does A
duadenale. Moreover, the evidence of lower iron deficiency
rates in the children of Zanja Fonda, in eontrast with their
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LRl R T EE I|IJ'|€ al sladis, can oo \|a|’||l||1|. hl. thear deetler
LY L.s'| |l| ] BUERD Hie Telemnd Jess abine o Boilwean b Fes i,
The (LS vl |Jr Mora mehinles o AT il recenl aetlers
Frenn el Highlands whe leee a0 poorer diciary miake of i
vailahle .

Pliis stuele presends certuin lmiios i the appreed o ev-
s 1he velienslip betwesn tron satus and hookworn infiece
P, Chae i e annidl stz ol e Lmnplr-- the dmelusionn ol iy
2
Ly wsalel |||UE:.|| v B sneelifiend e statistival data. doeotlier
liritiian ie e wiiliztion of e !Irm|llttllrr| s inakiveo
catimate ol hockwarm barden
inperfeer mwasore bevanse ol densiov=tepersdent feeamdies of
hiskswerms, day o day varianimes e oulpat, anil s |m[||=||;,
lwleraeensly (143 However, .|ll||n-:-s|| ||1r-|r~ i nr suliid evidden-
e For o cansal velationship. honkwrm inletion is andoubiedly
animpartane contribmioey wanse of sn-clelicieney annemin in
Hue popautation of these by rocal Bolivian conmmmilies,

Tlie Towe intensity of huekwarn mfection in the child pepala
o stadied eeetainly coniibures o e dilfiealties
sinent of the velationship hetween lusdowonm snfeetion aid fron
lefivieney. 10 is suee that pose distary fntke of Divivailaddy
o ot ibtes o produce fron defieirmey, Biserver, the possi-
Bility ol other factors as causes of fron-de ficiene VAR Gl
ol be exeluded, The eommunitics stndied lie tran endemnir
avea for Chagas disense, sl e well koo bloail-sneking
action of miaomine bage mos be taken i relation o cheone
Blaesd lass (151 On the ether ham | nralacia seems ot o b an
HHpOrial canse of frerv-defivieney amemia i dis arew, where
oy low densiry P. piear mlestions are present {10).
Gonsidering the diffieudties tu shanging dietary pal I't ris i seh
pnpuhhum ome must e lasize e importance of the To-
livian Ministry of Social Wellare aul Publie Flealil: deparasiti-
gaticn program. Tron snpplemenuation iz also advisabile in this
population with meargingl iron intake.

gromps o rish Lo fesndelieieney doe o lookwarn infie
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