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EXECUTIVE SUMMARY

Anemia is known to occur at a high prevalence (38.1 percent) in children
in Cameroon. Only a few previous studies of the etiology of anemia in
Camerdon have been undertaken., They suggest that {ron deficiency 1s an
fmportant factor in both pregnancy and childhood. The present work is of the
nature of a pilot study into the etiology of anemia in childhood and pregnancy
in the Eastern Province of Cameroon, where the prevalence in childhood is
high (57.6 percent), and in the Northern Province, which has a different
ecology, but also a relatively high prevalence of ansmia in childhood (41.0
percent).

In the Eastern Province, 11 children ard 10 women were studied. In the
Northern Province, 17 children and 14 women were included. A brief clinical
history was taken and a restricted physical examinztion was nerformed on all
patients. Hematological investigations were confired to hemoglobin (Hb) con-
centration, blood-cell morphology, malarial parasites on thick films, serum
ferritin concentrations, and Hh-electrophoresis on capillary-blood specimens;
bone marrow was aspirated from the anterior iliac crests and examined for
cell morphology, malarial pigment, and intracellular stainable fron.

Ten of the 11 children in the Eastern Province were anemic. All showed
multiple etiology of their anemia, including malaria in nine, other infections
in eight, 1ron deficiency in six, and folate deficiency in six. Seven out of
10 pregnant women in the East were anemic. The most severe anemias were
encountered in primigravida. Again, multipla etiology was usual, including
malaria in five, fron deficiency in six, folate deficiency in three, and some
infection in one. Also, all three non-anemic women were {ron-deficient; one
was folate-deficient,

Fewer of the patients studied in the North were anemic. Only 10 out of
17 childrey were anemic. Again, more than one atiological factor was usually
present. Included were malaria (four patients), other infections (seven
patients), iron ceficiency (three patients), folate deficiency (nine patients),
and sickle cell anemia (one patient). The seven non-anemic children also
showed hematclogical abnormalities; four had malaria; five, other infections;
one, iron deficliency; and three, folate deficiency.

Elght out of the 14 pregnant women in the Northern Province were anemic,
Four had malaria; three had iron deficiency; three had folate deficiency; and
one had another infection. In six non-anemic women, malaria was diagnosed In
two, iron deficiency in two, and folate deficiency in four. '

It 13 not possible to make any accurate generalizations about the
etiology or pattern of anemia in the population of Camercon as a whole on
the basis of the results obtained in this pilot study. The restrictions
imposed by constraints of time and avatlable factlities required that studies
be carrted out on & highly selected group of patients. The value of the
Investigation, therefore, lies first in the demonstration that 1t is
possible to evaluate anemia in the field using relatively inexpensive
supplies and equipment which are already avatiable. The second important
conclusion 13 that at least four factors known to be the most fmportant
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causes of anemia in underdeveloped countries were immediately identified and
that no other unexpected factor was encountered. Based on these findings,
the investigators consider it appropriate to recommend treatment for patients
drawn from high-risk groups (young children and pregnant women) in whom
anertia is identified; further investigation is unnecessary unless the patient
fails to respond.

Anemia 1s a sufficiently significant problem that it {s appropriate to
consider the implementation of public health measures &nd nutritional planning
specifically designed to alleviate the problem. However, before this is done,
the authors urge that a carefully planned field study be conducted to identify
the pattern of anemfa in other segments of the population (men, non-pregnant
women, and older children). Finally, since 1t 15 not possible to say with
confidence which etiological factor was most important in any one patient
or what impact on anemia the correction of one factor or more would have, {t
would be wise to attempt to define the factors' {individual contribution to
the overall frequency of anemia by conducting an investigation in which
salective correction is undertaken.
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RECOMMENDAT 10NS

Anemia 15 a cause of serfous socioeconomic problems. Work capacity s
limited severely; {f a farmer {s incapacitated, his family suffers from
deprivation of either his produce or his earnings, and the area of land which
fs cultivated effectively 1s reduced. Severe anemia in women has adverse
effects on the home, especially on the younger children. Anemia in pregaencCy
results in maternal morbidity or mortality and fs associated strongly with
Tow birthweight, prematurity, and perinatal mort.lity. As a consejuence,
the live infants born to anemic mGthers are prone to complications of mal-
nutrition and infection. Anemia from any cause in childhood 13 associated
with retarded growth, delayed daveiopment, and poor performance at schodl.

Financial investment {n the dlagnosis, prevention, and treatmnnt of

anemia in the conmunity commands a high priority for both economic and humanie-
tarfan reasons., Specific recommendations are provided below.

Staff Development in Cameroon

Investment should be made in staff development in the discipling of
hematology and blood transfusion. This should be considered at severs) lewels,

A. Training of Medical Laboratory Assistants

Candidates entering the course would seed to have completed primary
education. The training which 13 visualized 15 in-service; 1t would be
similar to that leading to the National Certificate for Medical Laborato
A:si:tants. whith 15 fssued by the [nstitute of Medical Laboratory Technology
of Nigerta.

8. Training of Medical Laboratory Technologists

Candidates entering the course would need to have completed
secondary education. The Instruction would ltkaly be a combinstion of
forma) biological sctence-teaching and in-tervice training, with the emphisis
on practical procedures. This program should be an expansion of exfsting
tratning courses. One other objective would be to orgénize and ratse the
prestige of the profession of redical laboratory technologqy

In the training of laboratory assistants and techmalogists,
8318 should be placed on the development and use of ttandard hematologi-
cal techniques which are applicadle in the fleld, where & minimm of
laboratory equipme-t 1s availadble.

evifife



C. Medical Students

Hematology 1s part of the curriculum of the course leading to qualifi-
cation as a medical practitioner i1 Cameroon. Teaching of the discipline
could be strengthened in the short ‘erm by recruiting students from overseas
until more Camerconians have specialized in hematology.

D. Postgraduate Students

Encouragement should be given to young Cameroonian physicians to
specialize in hematology, combining both the clinical and laboratory
disciplines. Two incentives might be the expansion of postgraduate training
in Cameroon and the provision of scholarships for selected Cameroonian doctors
for training overseas.

Immediate Intervention

On the evidence available and withou’ further research, zdvice on the
prevention and treatment of anemia in childhood and pregnancy can be given
at this time.

A. Anemia in Children

There is at this time no way of eradicating malaria in tropical
Africa. Therefore, it fs inadvisable tu offar to large numbers of children
antimalarial prophylaxis which would prevent them from acquiring immunity to
malaria and expose them to risk whenever the prophylaxis s no longer avail-
able. Fvery attempt should be made to make available adequate supplies of
chloroquine for the treatment of children suffering from febrile episodes.
Such children will either be infected with malaria or have their immunity
to malaria suppressed by some other infection.

The laboratory investigation of an anemic child should include a
minimum of Hb, thick film for malaria, and examination of feces for ova of

hookworm. Pending the results of investigations, the anemic child should
be started o1 a regimen of:

a. Curative doses of chloroquine, fullowed by prophylactic
proguanil for two to three weeks.

b. Oral iron therapy, in a dose calculated from weight and Hb,

c. Oral folic acfd, 5 mg. per day for two to three weeks.

d. Such antibiotics as are indi:ated by the presence of
infection.

“{x-



Whenever the diagnosis of sickle cell diseasa is suspected, iron
should be withheld until hemrslsbin-electrophoresis can be performed. If
the physician remains in d-ubt about the diagnosis, a trial of iron therapy
1S probably justified. '

B. Prevention of Anemia in Pregnancy

Every woman presenting in pregnancy should receive tha following
regimen (Fleming, Hendrickse and Allan, 1968):

a. Chloroquine, 600 mg. base in a single dose at first
attendance.

b. Proguanil, 100 mg. per day until after delivery.
¢. Ferrous sulphate, 200 mg. per day until after delivery.
d. Folic acid, 5 mg. per day until after delivery.

The widespread application of this regimen would have probably a greater
1mpa$t on the health of the community than any other single medical inter-
vention.

C. Treatment of Severe Hookworm Anemia

The following regimen is recommended (Werblinska and Fleming, 1979):

a. Chloroquine, 600 mg. base once, followed by proguanil,
100 mg. per day for two to three weeks.

b. Folic acid, 5 mg. per day for two to three weeks.

€. Bephenium hydroxynaphthoate, 5 g. per day for three days,
followed by tetrachlorethylene, 4 ml. as soon as the Hb is
above 6 g/di. (It is the general experience in ‘lest Africa
that bephenium hydroxynaphthoate has limited usefulness.
Tetrachlorethylene 1s highly effactive and extremely cheap;
however, its use leads to cerebral intoxication in severely
anemic patients.)

C. Oral ferrous sulphate, 200 mg. twice a day until six weeks
after the Hb has ceased to rise. (Despite its much greater
cost, consideration should be given to the use of intra-
muscular {ron when available, in view of the unlikelfhood
that -ral therapy will be taken by some illiterate rural
farmers..)

=) -



The dose is calculated frem the formula

Wt in Kg x (14.0 - Hb g/d1) ml.
10

to give the dose (ml.) of intramuscular iron using a
preparation containing elemental iron (50 mg. per mi.).

1. Prophylaxis Against Mzlaria

Chloroquine is highly effective both ac a prophylaxis and for treatment of
malaria. MHowever, resistance to chloroyuine has been reported in strains

of P. falciparum in both East and West Africa (Campbell et al., 1979; Eke,
1979; anonymous, 1979), and the continued use of chloroquine asa prophylactic
will favor the selection and spread of these resistant strains (Nguyen-Dinh
and Strager, 1978; Jopling, 1979). For this reason, a distinction should

be drawn between prophylaxis and treatment. The authors recommend proguanil
as the drug of choice in the prevention of malaria. Some authorities prefer
the combinations of pyrimethamine and sulfonamide (Jopling, 1979), but the
costs of these drugs are higher and the administration of sulfonamides for
long periods of time may lead to microbiological and hematological problems.
Chloroquine undoubtedly remains the first drug of choice for the treatment
of malaria. However, it should be noted that this recommendation is at
variance with that of both the U.S. Center for Disease Control and the
World Health Organization, both of which favor the use of chloroguine
prophylaxis.

Further Investigations in Selected Villages

Although the treatment of anemia is undoubtedly important, it is unlikely
that the present prevalence will be significantly reduced unless preventive
measures are implemented at a reigonal or national level. Neither the current
investigation nor investigations previously carried out in Camercon provide
sufficient information to recommend suitable preventive public health or
nutritional measures. Two important pieces of inforration are missing. The
first 1s the pa‘tern of anemia in other segments of the population (men, non-
pregnant women, older children); the second lies in the fact that the relative
contribution of euch of the etiological factors that have been identified to
the genesis of anemia remains undefined. The following investigations are.
therefore, recommended in selected villages.
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¢c.

R survey should be conducted along the 1ines of the United
Republic of Cameroon National Nutrition Survey, but on a much
more limited scale. The aim should be to establish the pattern
of anemia in the population as a whole. This should not involve
hospital patients, but 1t should be conducted in selected
villages and include men, non-pregnant women, snd older children,
as well as the two groups already studied.

The basaline investigations would:

1. Determine whether anemia is sufficiently widespread
to suggest that preventive measures would be
necessary for the whoie population, or whether
anemia occurs predominately in certain groups (e.qg.,
children and pregnant women) at whom specific
intervention might be aimed.

2. Determine the frequency and density of malarial
infections and relate these to hemoglobin concen-
trations.

3. Determine the frequency and density of hookworm
infections and relate these to hemoglobin concen-
trations.

4. Determinethe prevalence of iron deficiency.

The initial survey outlined above should be designed to lead,

at an early stage, to pilot intervention studies. The only
accurate means of determining the relative contribution of each
of the etiological factors already identified would be selective
intervention, in which each factor or a combination of factors
is eliminated. A study of this type would provide a basis for
national planning aimed at combating anemia and wculd prevent
the investment of time and furds in the treatment of factors
which might be of secondary importance. The relative geographic
stability of the population ¢n Cameraon would facilitate this
type of investigation. Particular emphasis should be placed on
the impact of intervention measures which have already been
shown to be effective in other countries and which would correct
the etiological factors already identified in the anemias seen
in Cameroon. The measures which could be considered immediately
would include:

1. Malarial prophylaxis.
2. Treatment of acute malarfa without prophylaxis.

exi{-
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3. Treatment of hookworm ard an attempt to inter-
rupt transmission by education.

4. Iron supplementation.
5. Folate supplementation.

6. Combinations of the above.

This type of investigation would provide the correct focus for
planned intervention measuras at a naticnal level in the future.

While it would be appropriate to define the impact of iron
supplementation on anemia in the Camercon before examining

the feasibility of food fortification, the vegetable-based

diet wnich the majority of people eat is likely to be a poor
source of available iron. The Division of Hematology at the
University of Kansas Medical Center has a special interest in
food iron availability and the facilities to study this problem.
It would be very willing to participate in any further investiga-
tions of this aspect of the problem.

The folate content of foods could be assayed on the same samples
that are used for the studies of iron availability.

ox{{{=
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I. INTRODUCTION

The United Republic of Cameroon National Nutrition Survey (1978) revealed
that the prevalence of anemia was 38.1 percent in children aged six months
to 59 months. Anemia was defined as a hemoglobin (Hb) concentration of less
than 10 g/d1 in the six months to 23 months age group, and less than 11 g/d}
in the 24 months to 59 months age group, a correction being made for ‘altitude
(Sauberlich, Dowdy and Shela, 1971?. The highest prevalence (57.6 percent)
was encountered in the Eastern Province, followed by the Central Southern
Province (53.3 percent) (see Table 1}. The Nutrition Survey did not include
any investigation of the etiology of anemia, except that sickle cell disease
was found to make only a small contribution to the overall incidence. The
report of the Nutrition Survey included a recommendation that a study be made
to identify the major causes of anemia.

Only a few studies have been conducted into the etioloqy of anemia in
Cameroon. A high prevalence of iron deficiency 1n pregnancy has been reported
in Yaound€; 1t is associated with infestation by hookworm (Eya Eyong, 1975;
Joseph, 1979). Lower than normal percentage saturation of transferrin was
reported in 66 out of 92 children in the Northern Province (Delpeuch, Cornu
and Chevalier, 1980). Investigations conducted in the neighboring state of
Nigeria have shown that anemia in childhocd is commonly the result of com-
binations of acute Plasmodium falciparum malaria, bacterial or viral infec-
tion, iron deficiency, and folate deficiency (Werblinska, Fleming and Atachakwa,
1975). Studies from Nigeria indicate also that anemia is particularly common
during first pregnancies, as a result of a loss of resistance to malaria
(Gilles et al., 1969) and of folate deficiency, largely secondary to the
erythroid hyperplasia resulting from malarial hemolysis (Fleming, Allan and
Stenhouse, 1969; Fleming, 1970?. The most severe deficiencies of iron result
from heavy infestations with hookworm (Gilles, Watson-Williams and Ball, 1964;
Fleming, 1977; Azubuike, Izuora and Obi, 1977). Although it is dangerous to
extrapolate from results in another environment, these findings influerced
the design of the present work.

Due to the limited time available, it was decided that the siudy would
be concentrated on two areas of Cameroon. The Eastern Province was chosen
because it had the highest prevalence of anemia and is ecologically similar
to the Central Southern Province, including Yaound€ and Douala, where anemia
was also found to be most frequent (see Table 1). The MNorthern Province,
which is ecologically different from the East and Central South, was included
since high prevalence rates for malnutrition and anea (41.0 percent) were
reported by the Nu'rition Survey and because interesting contrasts in the
etiology of anemia might be expected in the two different environments.

It was thought that a maximum of information would be derfived from an
in-depth study of a small number of children and pregnant women attending
clinics in these areas. The laboratory investigations were confined to the
estimatfon of the concentration of Hb, the study of blood- ) morphology,
the search for malarial parssites, hemoglobin-electrophorests, the examina-
tion of smears of bone marrow aspirates, and the measurement of the con-
centration of ferritin in serum,
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II. PATIENTS AND METHODS

Patients Studied

Samples of blood and bone marrow were obtained from 28 children aged two
months to five years presenting at outpatient clinics with a variety cf com-
plaints and 24 women attending a prenatal clinic for the first time in the
present pregnancy (see Table 2). Eighteen women were pregnant for the first
time and s1x had had at least five previous pregnancies. Elevaen children and
10 women were living in the Eastern Province; the remainder were from the
North. None was known to have received any medication during the previous
month, except for one pregnant woman who was taking supplements of iron
(No. 41; see Table 10). One pregnant woman (No. 12) absconded irmediately
after the collection of the specimen of blood, so that information on her 1s
incomplete (see Table §). Investigations were conducted on two older siblings
(Nos. 23 and 25) ot ona child at the request of their mother; the results are
included in Table 4, but have not been analyzed further.

Methods

A brief history was taken in each case and a limited physical examina-
tion performed. The period of gestation was estimated from the height of
the fundus in pregnant women. Blood was obtained by finger-stick for the
measurement of hemoglobin (Hb) and serum ferritin concentration; thick and
thin blood-fiIms were prepared and hemoglobin-electrophoresis performed. B8one
marrow was then aspirated from the anterior 1liac crest using 1 percent
xylocaine for local anesthesia. S1ides were made for routine morphological
interpretation and assessment of marrow iron stores.

Hemoglobin estimations were carried out by the cyanmethemoglobin
technique {Dacie and Lewls, 1975); 0.02 ml. blood was diluted in 5 ml,
Orabkin's solution in the field and transported to the hematology laboratory
at CUSS, care being taken to avoid evaporation and exposure to light. Read-
ings were made on an Eppendorf Photometer 1101M. Anemia has been defined as
Hb less than 10 g/dl below 23 months of age, less than 11 g/dl in the 24 months
to 59 months age group, and less than 11 9/dl in pregnant women. All areas
visited in this study were at least 700 m. above sea level; no corrections
were made for altitude.

Thin peripheral blood films were dried and then fixed for 20 minutes in
absolute methanol; thick FITms were merely dried before being transported to
the hematology laboratory at CUSS for staining. The thin and thick peripheral
blood films were stained by the May-Grunwald and Giemsa techniques, respectively.

Blood for serum ferritin estimation was drawn into four platn micro-
hematocrit tubes, allowed to coaqulate, and then centrifuged in a microhemat-
ocrit centrifuge fn the field. The red cell and serum fractions were
separated by breaking the tubes, which were irmediately resealed and trans-
ported on fce to Yacundé, where they were deep frozen. The serum was sent
to the Division of Hematology, University of Kansas Medical Center, for
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estimation of serum ferritin concentration by the tws-site irmunoradiometric
method (Miles et al., 1974). The frozen cells were used to prepare a hemo-
lysate for hemoglobin-electrophorssis on cellulose acetate (Lehmann and
Huntsmgp. 1975); this was performed in the hematology laboratery at CUsS,
Yaoundé.

Four bone marrow slides were obtained from each patient, dried, and
then fixed 1n absolutz methanol for 20 minutes. Two were stained with May-
Grunwald and Giemsa stain for routine morphological assessment and one by
the Perl's method for examination of bone marrow iron stores; the iron stores
in the bone marrow were quantitated on a4 scale 0-6 (Gale, Torrance and Bothwell,
1963). Megaloblastic erythropoiesis was assumed to be evidence of a deficiency
of folates. The slides stained for the examination of iron were used also to
record the presence of malarial pigment. The diagnosis of {iron deficiency
was based on the absence of stainable marrow iron and that of malarial
infection on the finding of malarial pigment in the bone marrow (Edington
and Gilles, 1969).
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III. RESULTS

Eastern Province

A. Children

Seven children in Abong-Mbang and four in Bertoua were studied
(see Tables 2, 3, and 4). Splenomegaly was observed in four children in
Abong-Mbang and in one of the children under five years of age in Bertoua.
Ten children were anemic, but one (No. 7) was included only at the insistence
of her mother, who was a nurse. The Hb concentration in the 10 anemic children
ranged from 4.6 g/1. to 10.4 g/d1. Only the least anemic child (No. 24) had
a single cause of anemia. Malaria was diagnosed in nine, other Infections in
eight, iron deficicncy in six, and folate deficiency in six (see Table 12).
The bone marrow specimen from patient No. 2 was insufficient to judge iron
and folate status. Patients Nos. 23 and 25 were studied also at the request
of their mother; they illustrated that malaria was a problem in this family,
even up to the age of 12 years.

8. Pregnant Women

Al11 10 women were seen in the third trimester of their pregnancies
(see Tables 5 and 6). One primigravida (No. 11) had palpable splenomegaly.
Seven women were anemic, but one primigravida and two multigravida had Hd
values in the normal range. The lowest Hbs were recorded in anemic primi-
gravida (6.1 g/d1 - 10.3 g/dl). Malarial pigment was present in five of the
s1x anemic women in whom the marrow was examined and in one of those with
normal Hb values (see Table 13). Only one patient (No. 11) had evidence of
another infection. MNone of the nine women whose marrows were examined had
stainable iron. Folate deficiency was present in four women, three of whom
were anemic and two of whom had concurrent malaria. The two most anemic
patients on whom there were data had two or three causes of anemia.

It should be noted that iron ceficiency was seen in all of the
women with normal hb and that one was also folate-deficient.

Northern Province

A. Chiidren

Seventeen children were studied in four centers Vn the Northermn
Province (see Tables 2, 7, 8, and 9); 10 of these children were anemic.
The severest anemias were in two children at Oura-Tada (Mokalo) (Nos. 70
and 72; see Table B8). Patient No. 70 (Hb 4.2 y/d)) had c'intcal evidence
of having sickle cell disease, and the diagnosts was con?irmed on hemato-
logical ?nvestiqation. Patient No. 72 (Hb 4.0 g/d1) showed large quantities
of malarial pigment in the bone marrow and grossly megaloblastic erythropoiesis.
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The predominant hematological diagnoses in these childrer were
malaria, other infections, and folate deficiency (see Table i4). In this
small sample, only four were {ron-deficient, hereas 12 were folate-
deficient.

B. Pregnant Women

Nine primigravida were studied at Maroua and four primigravida and
one multigravida at Mokolo (see Tatles 2, 10, and 11). A1l were in the
second trimester, except one who was in the sixteenth week of pregnancy
(No. 64). MNone had any complaint, clinical evidence of infection, or
splenomegaly. Five patlents from Maroua and three from Mokolo were anemic,
but 1n only one (No. 33) was the anemia scvere (Hb 7.1 g/dl).

Iron deficiency appeared to be the sole cause of anemfa in the patient
with the lowest Hb and was found in combination with malaria and folate
deficiency, respectively, in two other patients (see Table 15). Malaria
appeared to be the snle cause in two patients and folate deficiency in one
anemic patient. Myeloid hyperplasia suggested that patient No. 60 nad some
undiagnosed infection.

Hemoglobin Electrophoresis and Serum Ferritin Concentrations

Hemoglobin electrophoresis results were obtained from a total of 47
patients (see Tables 3-11). Four had sickle cell trait (Hb-AS) and one
child, aged 18 months, had sickle cell anemia (Hb-SS) with some persistent
Hb-F (No. 70; see Table 8). All other patients had a normal Hb pattern,

Serum ferritin concentrations were assayed in 54 patients. The rela-
tionship batween serum ferritin and bone marrow fron {s shown in Figure 1
for the 45 patients for whom “oth measurements were available.



1¥. OISCUSSION



IV. DISCUSSION

This ﬁi]ot study has demonstrated the feasibility of carrying out a
fairly sophisticated laboratory evaluation of anemia in patients ocated in
the rural areas of Cameroon. The partial processing of samples in the field,
combined with further measurements done in Yaound€, yielded satisfactory
results. It is also evident that most of the essentiul information required
for a field study could be obtzined from a single finger-stick blood sample.

Bone marrow samples were collected in this study and the procedure was
well accepted by all patients. Although this test may be important in the
diagnosis of anemia in come patients admitted to hospitals, it would clearly
not be appropriate in field studies. Since an electricity supply was avail-
able in most areas, the microhematocrit could be substituted for the hemo-
globin estimation in future studies. As discussed below, although not as
accurace as bone marrow examination, the serum ferritin, as the observations
nade 1n this study suggest, may have sufficient predictive value to be useful
in field studies of iron deficiency in adults. Its value in children is less
certain.

Inferences drawn from the observations made in this investigation are
of necessity tentative, because the subjects were highly selected and in-
cluded only pregnant women and children who were sick and attending hospital
clinics. The groups chosen are among those in whom anemia is known tc be
particularly prevalent throughout the world. Generalizations for the wh¢le
population cannot be made.

The identification of etiological factors responsible for anemia was
based largely on the interpretation of bone marrow morphology. The frequency
of active malarial parasitemia has probably been underestimated because of
technical errors in the preparation of thick peripheral blood smears. The
f1lms from the Eastern Province were fired accidentally witn methannl {3
the field, and a few of the unfixed films from the lorth were eaten partially
by flies. The diagnosis of malarfal infection in this study is based, there-
fore, mainly on the finding of malarial pigment in the bone marrow. Whenever
the species of parasite could be identified on thick blood film (see Tables
3-11), P. falciparum predominated.

The current observations support the conclusions reached during the
nutrition Survey and indicate that anem‘a is comwon and more prevalent in
the East than in the Horth of Camercon. Ot the 5 patients studied, 35

67 percent) were anemic, the prevalence being higher in both children

10 of 11) and women (7 of 10) ‘n the Eastern Province than in the North,
where only 10 of the 17 childrea and eight of the 14 women had low Hb con-
centrations. The importance of & combination of etioloqgicai factars is
readily apparent. In only six of the 35 anemic patients was a single factor
{dentified.



Malaria

It may be assumed that malaria is holoendemic in the rain forests, which
include the areas of Abong-Mbang and Bertjua. The high frequency of spleno-
megaly observed in children in Abong-Mbang (4 of 6) 1s in agreement with
this. In the Savanna and the Mandara Mountains, malaria is hyperendemic,
and only one of the 17 children in the North had a palpable spleen. Malarial
infection was present in nine of the 10 anemic children and five of the
pregnant women in the Eastern Province. None of the children or women with
normal Hb values had evidence of malaria. In the North, only eight of 14
children and six of 13 women on whom corplete data sets were available were
thought to be suffering from mafaria. Furthermore, six of the 12 non-anemic
individuals from the North were also suffering from malaria. It is evident,
therefore, that the pwevalence of malaria was higher and the correlation with
the presence of anemia greater in the Eastern Province, although malaria
appeared to be an important etiological factor contributing to anemia in both
ecological areas.

It should not be overlooked that anemia is only one aspect of the
pathology of malaria. In childhood, infections with P. falciparum disturb
profoundly the functions of many organs and systems, notably the central
nervous system (Edington, 1967). In pregnancy, malaria is associated with
abortion, infection of the placenta, impaired fetal nutrition, low birth-
weight, and perinatal mortality (Jelliffe, 1968; Gilles et al., 1969; Harrison
and Ibeziako, 1973). Infants of low weight are, in turn, at hazard from
infections and malnutrition.

Other Infections

Significant infections other than malaria were common in all children
in both areas surveyed and they were considered to be making an important
contribution to the etiology of the anemfas. It should be noted, however,
that this finding is dependent on sample selection, since all studies were
performed on children presenting at outpatient clinics. Infection would be
expected to be the predominant cause of i1lness in such a group. Heverthe-
1ess, other studies have shown that infections are commonly associated
with anemia among children in the tropics (Werblinska et al., 1975). The
importance of this factor should not be discounted.

Iron Deficiency

An important nutritional component in the anemia was present in all
groups. lIron deficiency appeared to be a 1imiting factor 2t the time of
the study in six of nine anemic children and in all of the anemic women in
the Eastern Province. These findings are in agreement with the earlier
reports of a high prevalence of fron deficiency in pregnancy in Yaoundé
(Eya Eyong, 1975; Joseph, 1979).
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In the North, however, 3torage iron was absent in only three out of
seven anemic children and in three of the seven anemic women. This finding
might lead to the conclusion that iron deficiency is less important in the
anemias seen in the North. However, there are three observations which
should temper this interpretation. First, a reduced percentage saturation
of transferrin with iron was reported in 66 of 92 children in North Cameroon
by Delpeuch et al, ("220). Second, Dr. Jacques Steveny, who has worked at
the Hopital Adventiste, Koza, for several years, was of the opinion that most
anemias in children and pregnant women responded to iron and that 1ts preva-
lence was related to hookworm infestation. Third, only small quantities of
iron were present in five of the eight women and three of the nine children
who had stainable ircn in the marrow. This would be insufficient to support
the repair of even moderate anemia, implying that although iron deficiency
waz nog 1imiting Hb production at the time of study, total body iron was
reduced.

While serum ferritin concentration is closely correlated with the size
of iron stores in health and pure iron deficiency (Jacobs et al., 1975),
inflammation, liver disease, and neoplastic disorders disturb the relation-
ship (Lipschitz et al., 1974). In uncomplicated iron deficiency, the serum
ferritin concentration 1s €124 g/1. The fact that this was the case in only
six of the 22 patients with an absence of stainable iron in the bone marrow
provides further evidence that anemia was multifactorial in these patients.
It also demonstrates a serious limitation to the usefulness of the serum
ferritin estimation as the sole measure of iron deficiency in populations
where inflammatory diseases are prevalent. The serum ferritin estimation,
which can be performed on a sample of blood obtained by finger-stick, may
nevertheless still have some value in predicting iron deficiency in field
studies where bone marrow specimens cannot be obtained. In the presence of
inflammatory disease, a serum ferritin concentration of <50 ug/1 indicates
probable {ron deficiency (Cook et al., 1980). Thirteen of the 18 women and
seven of the 14 children with markedly reduced iron stores (G or 1+) had
serum ferritin values below 50 xg/1, while only one of the three wcmen and
two of the 10 children with iron stores >1+ had values in this range (see
Table 16). The increase of serum ferritin associated with inflammation was
more apparent in iron-deficient children than in {ron-deficient women.

Folate Duficiency

In the Eastern Province, folate deficiency was diagnosed in six anemic
children and four pregnant women, of whom three were anemic. In no patient
was folate deficiency the sole cause of anemia. It was associated with
malaria in five, other {nfections in five, and iron deficiency in four. In
four of the children, there was hypoplasia of the erythroid serfes, associated
with infections, with minimal evidence of any change towards megaloblastic
erythropoiesis; however, there was granulocytic proliferation showing
numerous giant metamyelocytes. In the four women with folate deficiency,
there was associated {iron deficiency in four and malaria in two; these
patients' bone marrows were characterized by erythroid hyperplasia with
frank megaloblastic changes.
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In the Northern Province, folate deficiency was observed in 12 children,
nine of whom were anemic, and in seven pregnant women, three of whom were
anemic. As in the East, folate deficiency was never a solitary hematological
abnormality in children, being associated with malaria (s5ix), infection
(2ight), iron deficiency (four), and sickle cell anemia (one child). Megalo-
blastic erythropoiesis was obvious, or even gross, in nine children, possibly
because erythroid activity was less depressed by infection than was the case
in the East. Folate deficiency was the sole hematological abnormality
discovered in two pregnant women, one of whom was not anemic; the other was
mildly anemic.

These observations suggest that folate deficiency was occurring as a
secondary complication in most patients. Folate metabolism may be disturbed
during infections by various mechanisms. They include insufficient intake
due to anorexia; malabsorption (Karney and Tong, 1972); increased requirement
secondary to the erythroid hyperplasia following hemolysis (Fleming et al.,
1968; Strickland and Kostinas, 1970; Mati, Hatima and Gebbie, 1971); and
pyrexia leading to inastivat1on of the 2sseniial enzyme dihydrofolate-
reductase at around 39° C (Chanarin and Davey, 1964; Panders and Rupert,
1965). Of these, the high demand for fcolates cecondary to erythroid hyper-
plasia induced by malarial hemolysis is of supreme importance. Protection
against malaria during oregnancy in Ibadan resulted in higher serum-folate
activities than in the unprotected (Fleming et al., 19€8) and was sufficient
to prevent the development of megaloblastic erythropoiesis in the majority
of patients in Zaria (Northern Nigeria), even without the addition of folate
supplements (Fleming, A.F. et al.; unpublished ubservations).

Hemoqlobinopathies

The prevalence of sickle cell trait varies throughout Cameroon, ranging
between 11.9 percent to 22.2 percent in the sample of the population tested
in the United Republic of Cameroon National Nutrition Survey (1978). A much
higher prevalence is reported from areas where malaria is hyperendemic: 32
parcent in North West Province (Mbantenkhu, 1979), which is in agreement with
the 32 percent reported at Obudu (Udeozo and Ele, 1975), just across the
Nigerian frontier near Ashunda, Cameroon. High frequencies are reported
also in the Kanuri (27.9 percent) and Bede (32.6 parcent) in Bornu State,
Nigeria (Roberts, Lehmann and Boyo, 1960). Similar figures may be antici-
pated in the far north of Cameroon.

Hb-AC has a frequency of 5 percent in two fsolated tribes, the Wakura
and Hidkala (Roberts et al., 1960), who practice terrace agriculture on the
hillsides above Gwoza in Northermn tiigeria. It is possible that Hb-AC will
be found at similar frequency in Cameroon in areas of the Mandare Mountains
around Koza.

Where sickle cell traft occurs in the adult population at 20 percent
prevalence, 1 percent of rewborn infants will have sickle cell anemia
(Hb~SS); where the prevalence of Hb-AS in adults is 30 percent, 2 percent
of infants will have Hb-SS. About 2 percent of all newborns have sfckle



cell disease in Zaria, Northern Nigeria, but among children aged three months
to three years presenting at hospital with a PCV {30, 20 percent have

sickle cell disease (Werblinska et al., 1975). Experience in Cameroon will
certainly be similar once children's outpatients clinics become established.
Hamoglobin-SC disease in pregnancy may be anticipated as a problem in the
Mandara Mountains.

In the future, sickle cell disease will have increasing importance, but

at present, hemoglobinopathies as causes of anemia are overshadowed by
malaria, other infections, and iron deficiency.
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Table 1
PREVALENCE CF ANEMIA (w) - BY PROVINCE

AFTER ADJUSTING FOR ALTITUDE t
Children Aged 6-59 Months

PROVJ.;?@ PERCENT SAMPLE SIZE
Central SouthX 53.3 165
East 57.6 163
North 41.0 200
North-West/West 23.1 164
South-West/LittoralX 38.9 172
Total Provinces 37.6 864
Yaounde/Douala ‘ 42.8 156

~ TOTAL CAMEROON 38.1 1020
Special Group 37.9 225

XExcluding Yaounde/Douala
(w) Weightad Percent

t United Republic of Cameroon National Nutrition Survey
(1978). p 107



Table 2

PATIENTS S5TUDIED

Location of Clinic Children Adult Women

Primigravida Multigravida

Eastern Province
Abong-Mbang 7 S S
Bertoua 4 0 0

Northern Province

Maroua 8 9 0
Mokolo¥ 6. 4 |
Koza 3 0 0
Totals 28 18 6

XTwo clinics
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ABBREVIATIONS USED IN TABLES 3-11

Ecsin
GM
Hyper
Bypo
Meg

Nil
Norm
NR
P,falc.
Trans.lyc.
Unemp.

URTI

eosinophilia

giant metamyelccytes
hyperplasia
hypoplasia
megaloblastic
unmarcied mother
normoblastic

not recorded

Plasmodium falciparum

Transformed lymphocytes
unemployed

upper respiratory tract infection
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CLINICAL AND HEMATOLOGICAL RESULTS OR PRIMICRAVIDA

AT ADONG-MNANG, EASTERN FROVINCE

_Serlcs _nruming 9 10 11 12¢ 14 —
Sc=z F F F F F
Aqge 20 1S 17 . 20
Bostuind’ s oarupat ion Unonp . uil Soldier Soldicr
Clinlical cUuscervations Para [ ) 0 o o c

¥Wccks of Gestatiom 32 - 1] 28 28
Liver (cm below costal margln) () 0 o 0
Splevr (um blow costal sargin) [ ) . o 6 (1]
BS (g/d1) 11.9 10.3 8.3 6.0 6.1
Bload cull sorphology
Arisocytoais 2 1 2 2 2
MiCToCytonis 2 0 2 2 2
Hicrocytorin  § 0 ] 1 2
Poikilocytosis L ] ] o 0 o
Taryct crllis (] o 1 o 0
Hypochromia ° ] 1 0 2
Other {catures 0 (] Trans. o 0
lyc.
Ralaria NR ne NK NR NR
P. lalgiparum acexual
F. Iolcipatum gametes.
P. malariac
P. ovalc
Bene-matrow
Exrythron. Meg
Sranulocytes o Norm. Norm. Norm.
Other clicwents ° Morm. lyper. Norm.
Ralarial pigecnt 0 - - -
Iron storcs 2 ] 1
0 0 0 0
:;r\n!'letrl‘tln (?gll) G2 20 146 276 66
elcctrupboresis MR NR NR NR NR

Cassos of ancmia

Malarios

Other infectiony
Irom de-ficleney
I'elata delicioncy
“they

@+ e+s00
QD +0 e
Do o9
Deo+



-oz-

brder
CLINICAL ANU HEMATULUGICAL RESULTS OH GRANDE MULTIGRAVIDA

AT ABONG-MDANG, FASTERN 'ROVINCE

Serlcs aumber : 8 1} 15 16 17
Sex r r F F F
Age (yoarcs) 28 32 s 28 26
Hushand’a occupation Catechist Soldlier Laborer Teacher Unemployed
Clinical observations
Para s -3 6 7 S
Wks. of Gestatiom 32 32 32 32 28
Liver {(cm bclow costal margia) [ [ 0. 0 0
Spleen (cm below costal margin) [ ] e o 0 )
@b {q/d]) 10.8 11.6 11.0 10.8 - 10.8
Blood ccll morphology
Anlzocytosis 2 2 : 1 1
Mactrocytosis 1 1 1 1 0
Microcytosls 2 )  § 1 o
Poikilocytosis 9 | ] ] o [+
Target cells ® [ ] 0 1] 0
Hypochromia 1 ] 0 0 0
Other fraturcs 0. (] D. 0 0
Perstans Perstans
Malaria [ nR NR NR NR
P. [alciparum asexual
F. ISlciparum gametes.
¥. malarise
P. ovai:
Bone-mar row
Erythron. Neg. Norm. Norm. Norm. Meg.
Grasulocytes ane Morm. Horm. GMt GM+
(thcr elemnnts - Eosin. - - P.falc
Malarial pigment ' 2 0 0 0 2
lron stores ] 1] 0 0 0
Eerva ferritlin (ug/l) 27 8 29 11 36
b clectrophoreals R NR AR AA AN

Causes of cncmlia

I=alaria

dther infections
Irer Jdeficlency
Folate deficlency
o r

Q4+ +Qe
OO0+« 00
oc+00
O+ +00
QO+ +0+
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CLINICAL AND HIEMATOLOGICAL RESULTS ONH CHILDREN

AT MAROUA,

NORTIIERN PROVINCE

Serics numlcc 3o 32 14 A6 Vi A0 42 44
Soex F n F M [ ] L} F F
Age  {moutbs) Jo 24 24 14 2 12 17 48
Fatim'r's occupat jon Farmer Trader Mcchanic Trader Mcchanic Driver Mechanic Driver
Clinical observations Bronchitis  Malnutri- Gastroen- Fever URTI Gastro- Fever Fever,
tion teritis enteritis URTI
e Wastio-
enteritis
Liver {(cm Lelow costal margin) 2 S ] o 0 4 0 4
Spleen (cm below costal margin) ] ] o 0 0 0 0 0
gL (g/4)1) 12.6 9.7 11.7 9.2 8.9 1.5 10.6 9.7
Biot cell morphology
Anisocytosis 1 2 2 2 1 2 ) | 2
Microcylosis ] 1 2 2 o 1 0 1
Hicrocytosls ] 1 2 4 0 1 0 1
foikllocytosls 0 9 | ] o o (1] (1]
’ Taryct cells o [ ] ® | § 0 o 0 0
n nypochromla & [ ] ] 1 0 ] 0 0 -
) Other fcatures Irm. [ Trans. 0 0 0 /] Trans.
ve. 1yc. 1yc.
Malaria
? %alci rus asexwal ® ® ] ] NR 0 0 +t
F. Talciparuvm qametes. ® ? 0 0 1] o 0
7. malariae [ ] ] (/] o 0 ]
F. ovale L ] o [ ] o o 0 0
b -marrcy
Lrythron. Byper. Byper. Maog. Meg. NR Horm. Norm. Meg.
Cranulocytes Sorm. GMe CM = (¢, 127 Norm. Nore, Ch+
Other =2lemcnty - - - - - - -
malarial pigment 1 NR 1 0 1 0 2
lron stores 2 NR 2 0 3 1 B
Scrue ferritin (vg/l) 23 46 184 6 17 40 150 342
L clectrophoresis AA AN AA AA AA AA AA AA
Lowacz ol arrara
malaria ¢ ? ¢ ] ? + [ 4] +
Ottt infrctions ¢ ¢ + M + + 0 +
i delicioncy : : ? : ; : : 2
Folate dJdelici
o e veticiensy 0 0 0 o 0 0 0 °

ot
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CLINICAL ANMD IIPMATOLOGICAL MESULTS ON CHILDREN

AT MOKOLO, NORTUERN PROVINCE

S$IT1C3 nuRder (3] 70 71 72 73 74
Scx r n 14 M F M
Aqe imoaths? 12 18 9 7 36 32
Fatter's occupation Farmer Laborer Cook Farmer Mcssenger Farmer
Clinical cbservations Rag dg~ Fcver, Measles Fever Fever Fever
s Diarrhca
Sickle-
cclldiscase
Livcr (cm below costal margia) 0 [ 4 ] 0 4
Splcon {cm bolow costal margia) o 10 o 0 0 o
u5 {;/41) 3.8 4.9 . 18.5 4.0 11.2 6.3
Biool cell worphology
Sniaocytasis 2 3  § 3 2 2
®ESTOCYtOSiE 3 b | 1 3 1 )}
K.oroCytusls o 1 1 0 1 0
PoIRLISCYLEISLS ® 2 ® ] 0 0
Tirget colls ] 2 o 0 0 0
Eypcchidala o 2 ] 0 0 0
Ctrwer features ] Polychromasia e Kcgalo- 0 p.falc
Sickle cells blastosis
osis
%aiiria
P, falfiaree asexwal [ J ] [ ] ] NR +44
F. Tl1c1 aTum gqamctes. 0 o ] 0 o
F. ®maiirsac ® [} [ ] 0 (o]
F. cvalc ¢ [ o o o
-
L 3
tome-ma o
Grossly
Erytloown. Reg. Meg.* : Morm, . Norm. Meg.
Cra=m.locytes Byper Uyper Hyper Gus+ Hyper e T
Oer wloeenty [~ % nR G+ - - -
Falar.al piyrest [} MR 1 3 0 3
lrom atcres [ ] na . Y k] 1 2
Sceum {orritin teg/l) 40 68 4 441 320 (1]
D e eCliCpiCrest AA $S+F AA AA AR AA
Crosms of 3"
malsria (] [+] + + 0 +
Cthsr 1ntfoctions -] 4 * 0 + -]
leon dolicii=oy . ? . 0 0 ]
Folate Solscioney 4 . + + 0 +
[s4 3N 4 ¢ Sickle- 0 0 0 0
cell dis,

‘mgalotilastic from bloocd film



AT KOZA, NORTHERN PROVINCE

CLINICAL AND ULMATOLOGICAL RESULTS ON CHILDREN

-cz-

[ 4 £
Serics number 50 51 52
Scx [} M M
Aye (mmths) 18 32 12
Fatkrr e (wgation Farmer Farmer Farmer
Climical cbscrvatioas Diarrhea, Marassus Marasmus
Marasmus
Liver {cm below coatal marglim) e 0 4]
Splecn (Lwm below costal margia) 0 o o
Lt/ 9.1 8.2 11.2
Blocd ccll morphology
rrizocytorsils 1 2 2
racrocytosls ] 2 2
Hiciocytosls [ ] ] 1
Foikilocytosls ] L J 0
Target cclls [ ] ] 0
Prrochrosta ] ] 0
Clie.z lcatures Lewkocytosis 0 Tran. lyc.
leukocytosis
Malacia
P, lalciprrum ssewxwal ] o ]
FoINIZipirum gamates. 1 4 9 L
F. malariae [ ] ] o
i. GwvaiQ L ] o
Bocomarroy )
Lrythrcn, sypo. eg. Me
Cramilovyton Ryper o GH?
Cthet elowanty Gnee - -
Ralrzial piomont ) 2 R
iren stcreos B ] 2 NR
Scram ferritin (sg9/1) 37 22 76
Wb electirorivrenis AR AA AA

——

Cruscs 0! arcmia

Ralar.ia

CLlher (nfcctinne
ltom Jefliciency
Iolate doliciency
b2 8

AN -EN ]
[ N - B
Pevueswy



CLINMICTAL AND HIMATULOGICAL KESULTS On PRIMIGRAVIDA

AT RALIRIA, BOKTHLERN PRUOVINC

120108 sumdncr 3l }) 34 7 33 411° 413 415 [ TA
S r F ¥ ¥ ¥ F F ¥ F
AP igs iial 1¢ i7 19 10 le 15 20 14 18
Feiliozd s OCCuast JOR Mizard Briver Driver Trader Driver ;égéage Driver Mason Laborer
Climicii Lisvrvations
Para [ ] [} 0 0 0 0 0 0
3. of Gostatiom 32 32 32 23 29 36 k13 28 32
Liwr {(Im bviow costal margis) o e o ° [ 0 0 0 (!
$plivm (Tn Lolow cortal margia) ¢ o L ° 0 ° ¢ 0 0
LA R RS 9.7 7.1 18.) 12.3 12.2 12.1. 9.9 9.6 1.7
Binoe oo i _worplelogy
L S AT 1Y ) 2 2 1 1 1 2 1l 1 Z
My tosl 2 ® [ J [-] 2 2 1 1 1
L RS- T | 2 [ ] ) [ J [ ] 1 1 1
Prasiluytons ® ® [ ) [ ] [ ] [ ] [} ) -]
Titg.ct 223le | L ® [ ) [ ] [ ] 0 0 0
Frpeoatrumia ® | [ ] -] 0 ] 0 ] 0
SiteT foatures ] ] ] (-} Poly- ] 0 0 [
chroma
I.a}:_' 3
[ ] [ ] [ ] [ ] ] [} [} e 0
® ® [ ) [ ] [ ] [ ] 0 0 0
[ ] ® ® [ ] [ ] [ ] [} [} o
] [ ] [ ) ] ® [} [ + 0
Form - warf o
l.:;un‘{:m, Byrer. Ryper. Sora. HOorm . Reg. Mcg ., neg. Horm. Hyper.
LTI CMe worm. ore. e CMe Grse GM e Horm. Rorm.,
LM Tiemccts - - - - - - - P_falc -
Falatis; p.swmcat [ ® 1 ° ¢ 1 [\ ) S |
Iresr stoge? ] ] ] [ ] [] 1 1 2 1
$ctm fete.tin™ (eg it ] 2 [ ] 26 29 45 8 410 h 3%
ED L.ICLILs AR Iis A AS Al AA AA AR AM AN AA
Cosven 2! 200w, .
malsria ® [ . o L) . Qo + *
ST L liTtiey $ L 4 [ ] 8 0 0 0 0 [}
Teroee Sl citnly L] . . . . ] [} [} ]
g S S N . [ ] [ ] * . . . ) [}
® [ ] [} ] 0 o 0 o ]

TREEN €. BT cTad iite thetapy.
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CLIMICAL AND BFMATOLOGCICAL KESULTS UGN PHIBLCRAVIDA AND

Unl. MILTICRAVIUA AT PsOll),

HOKTUIRH VitV TRCE

Sctics eundcy -0 61 €2 64 (9]
Sea 4 [ 4 F F F
Age 119 25 16 21 18
sartaeed ' @ oCupat Lom Vet. Laborer Farmer wWarden Nurse
Clinical otaesrvations Serse
rota e S 0 ] 0
wvas. of Cestatlom 28 29 23 16 18
Liwr:t fcw rlow cosial margla) e ¢ 0 0 0
Spletm (cw lelow costal margls) L ] o 0 a
= 1gs/41) 16.3 11.6 9.0 11.6 98
Slo>d cell wmogpdology
Anisocytosie 3 2 } (1 1
racrocytosls 2 1 1 1 0
Ricrocytosie 2 1 1 1 0
rcaikilocytosis ® ] [ ] o o
Target cells L J ® [ ] 0 0
grpoeckionla ] ® e 0 0
Ty {eatures ® ] Wucleated 0 0
RecC
“aiaria
7. felcifarem asevesl e L tee 0 o
F. lalicipurwe gamwtes. ] 0 0
7. omaisrise ] ) e 0 ]
F. ovale s ° ° ° o
Soue-mac row
Crrthice. ypo. Wogm, Norm. Notm. Norm.
Srssulocytles Ryper SO, Horm, GM+ Norm.
Clras gliermeats Chte - - - -
Walrtisi Pigmomt L [ ] 1 0 2
ltoe tictes -t 1 2 2 1
Bborue fegeitins (sg/l) 18 29 418 20 4
P oelrrtrTyterrale AR AS LR AA AR
Cowrre uf swemin
mrirria ? [} ¢ [ 4
Lime: t=leCtions . ® 0 0 o
Tte-m Sufiticemsy ? [ ] ° [ e
felate Jeliciomcy s ® L 4 * L
o1 [} _)
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TABLE 12

HEMATOLOGICAL DIAGNOSES ON CHILDREN IN THE EASTERN PROVINCE

Anemic (n=10)

Non-anemic (n=1)

All children (n=11)

Present Absent HR [Present Absent NR {Present Absent NR
Malaria 9 1 0 0 1 0 9 2 0
Ctrer infectons 8 2 0 0 )| 0 8 3 0
Iren-deficiency 6 3 1 0 1 0 6 4 1
Fo.aze-3cliciency 6 3 1 0 1 0 6 4 1

Sicklie-ccil anemia
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HEMATOLOGICAL DIAGNOSES ON PREGNAWT WOMEN IN THE EASTERN PROVINCE

TABLE 13

Aremic (n=7)

Non-anemic (n=3)

All patients (n=10)

Present Absent NR JPresent Absent NR| Present Absent NR
Majlaria S 1 1 0 3 0 5 4 1
Otrer :infectons 1 S 0 3 0 1 8 1l
Iron-cdefici2ncy 6 0 1 3 (1] 0 9 0 1
Fclate-deficiency 3 3 1 1 2 0 4 5 1




TABLE 14

HEMATOLOGICAL DIACNOSES ON CHILDREN IN THE NORTHERN PROVINCE

“82-

v
Ancmic (n=10) E Non-anemic (n=7) gAll children (n=17)

! Present Absent NR ’Present Absent NR %Present Absent NR
Malaria 4 4 2 4 2 1 8 6 3
Cther infections 7 3 0 S 2 0 12 ) 0
Ircrn-Jdefic:iency 3 4 3 1 5 1 4 9 4
Folaze-deficiency 9 ) 1 3 4 0 12 4 1
Sickle-cell anemia 1 9 0 0 7 0 1 16 0




TABLE 15

HEMATOLOGICAL DIAGNOSES ON PREGNANT WOMEN IN THE NORTHERN PROVINCE

Anemic (n=8) Non-anemic (n=6) All patients (n=14)
Present Absent NR Fresent Absent NR} Present Absent NR

Malaria 4 3 1 2 4 0 6 7 1
Other infectons 1 7 1] 0 6 0 1 13 0
Ircn-deficiency 3 4 1 2 4 o 5 8 1l
Folatre-deficiency 3 S 0 4 ) 2 0 7 7 0
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Table 16

COMPARISON OF SERUM FERRITIN AND BONE MARRUW IRON

CHILDREN

Number of Subjects

Marrow Serum Ferritin Serum Ferritin
Iron <50 ug/1 >S50 ug/l

0 - 1+ 7 7

2 - 3+ 2 8

Total 9 15

PREGNANT WOMEN
Number of Subjects

Macrow Serum Fercitin Serum Ferritin
Iron ¢ 50 ug/l ? 50 uq/l

0 - 1+ 13 S

2 = )¢ 1 2

Total 14 7
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Appendix A
TIMETABLE OF ASSIGNMENT



Wednesday, 18 June 1980:

Thursday, 19 June:

Friday, 20 June to Wednesday,

June:

Thursday, 26 June:

Friday, 27 June:

Saturday, 28 June:

Mond 30 June,
Tuesﬁgzl>| July:

Wednesday, 2 July:
Thursday, 3 July:

Friday, 4 July:
Sa 5 :
u 6 July:

Appendix A
TIMETABLE OF ASSIGNMENT

AFF traveled Zarfa, Kaduna, Lagos;

obtained visa for Cameroon and attended to
other administrative matters. SRL traveled
Kansa-, Paris, Douala, Yaounde.

AFF traveled Lagos, Douala, Yaound¢; reported
at USAID Mission; SRL arrived Yaoundd.

Yaound€: Briefing at USAID Mission. Visits
to Department of Hematology at CUSS and
Blood Transfusion Center to prepare

material for field trips and hold discus-
sions with Cameroonian hematologists.

Traveled by road to Abong-Mbang.

Data and specimen collection, Hopital
Ddpartemental d'Abc.ag-Mbang (Haut Nyong).
Afternoon: Trave'ed to Bertoua.

Data and specimen collectinon, Hopital
Provincial de Bertoua. Afternocn: Returmed
to Yaoundé.

Processing and interpretation of specimens
at CUSS, Yaound€.

Flight to Maroua.

Morning: Data and spe‘ . :*n collection,
Prevention Maternale el [nfantile (PMI),
Maroua. Afternoon: Traveled by road to
Mokolo.

Morning: Traveled by road tn Koza, data
and specimen colle<tion, Hopital Adventiste
de Xoza. Afternocn: Returned to “okolo;
data and specimen collection, Hopital
Départemental de Mokolo.

Moming: Data and specimen collection,
Dispensaire Mission Catholique, Qura-Tada,
Mokolo. Afterncon: Traveled hy road to
Maroua.

Flight to Yaoundd.



/,. 7 July to Thursday,
ly:

B

Thursday, 10 July:

fﬂdu,lldﬂy:

Saturday, 12 July:

A-2

Yaound¢: Processing and interpretation

of specimens at CUSS; debriefing, USAID
Mission, Yaound{.

SRL returned Yaound€, Douala, Paris, Kansas.
AFF returned Yaoundé. Douala, Lagos.

AFF traveled Lagos, Kaduna, Zaria.



Appendix 8
LIST OF PERSONS MET ON ASSIGNMENT



Appendix B
LIST OF PERSONS MET ON ASSIGNMENT

Laqos

His ExcellencyAlhadji Yerima Lamine, Ambassador of the Unitaed Republic
of Cameroon to the Federal Republic of Nigeria

Yaoundé
Professor V. Ngu, Vice Chancellor, University of Yaounad
Professor L. Kaptué—Noche, Chef de Service d'Hematologie, Hopital
Central de Yaoundd, Professeur d'Hematologie et Immunologie,
CUSS, Yaoundé

Dr. Fosi Joseph Mbatenkhu, Médecin Assistant en Hematologie, Hopital
Central, Yaoundd

Professor Dan Lantum, Assistant Director, CUSS

Mr. Peter Lord, U.S. Chargé d'Affaire, Yaoundd

Mr. James Williams, Director, USAID, Yaoundd
Abong-Mbang

Mr. John Acha, Prafet du Haut-Nyong

Or. M:c:& Emmanuel, Chef de la Section Départementale de la Medécine
Préventive et Rurale du Haut-Nyong

Souer Marie-Ange Privat, Infirmidre Sage-Femme, D.E.
Bertous
Or. Philipoe Issom, Conseiller-Medical, Hopital Provincial de Bertous
Or. Otto Dondinjiki, Pediatre
Or. Wefuan Jonah ldifoa, Medécine Generale
Marous
M. Oumarou Koue, Prafet
Dr. Pierre Le Jeannie, Conseiller-Medical, Hopital de Marous
Or. Abba Liman, Chef de Sectton Ddpartementals de la Medécine
256;22;:;0 et Rurale, ot Chef de Service de Pediatrie ) 1'hopital

Mne. Malmadi, Infirmidre, PM]

Mng. Tenguen, 5Sage-Femme
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Mokolo

M. Mohamadou Labarang, Premier Adjoint Prefectural, Mokolo

Dr. Granier Jean-Claude, Pediatrie, Hopital Départemental de Mokolo

Dr. Owona Essomba René, Medécine

Dr. Kedi d Mwatsok, SDNPR et Gynfco-obstétrique

Dr. Jacques Steveny, Hopital Adventiste de Koza

Qura-Tada

Souer Anuncia Morale, Dispensaire Mission Catholique, Oura-Tada



