Evidence Table 4. Studies associating immunologic response or infectious diseases with malnourished patients compared to well-nourished control subjects in developing countries

Part I

	Author,

Year, UI
	Demographics
	Maternal / household demographics
	Inclusion

 criteria
	Exclusion

 criteria
	Definition

of malnutrition
	Study

design

	
	
	
	
	
	
	

	Ferguson,

1974

75022280
	Country: Ghana

Setting: Cases – inpatient


Controls – ND


Gp
Ctrl

Mean age(mo)
28.9
38.8


(12-48)
(24-55)

Wt/age
ND
ND

Ht/length
ND
ND

Enrolled/Eval
10
10

% Male
ND
ND

Race
ND
ND
	ND
	Severe protein-calorie malnutrition

Controls – “normal”, matched for age 
	ND
	Severe protein-calorie malnutrition
	Prospective cross-sectional

	
	
	
	
	
	
	

	Neumann,

1975

75106463
	Country: Ghana

Setting: hospital/in & outpatient clinic

Age: 6 mo – 6 y

Wt/age: ND

Ht/length: ND


GpI*
Gp2†
Ctrl
Enrolled/Eval
34
42
41

% Male
62
50
44

Race: Africans (assumed black)

* Severely malnourished: kwashiorkor(23)  & marasmus(11), † Moderately malnourished
	ND
	See Definition of FTT

Controls matched for age, ≥ 81% Harvard Std, nl serum albumin, no signs of malnutrition 
	ND
	Gp1: 51-60% of 50th percentile Harvard Std for American children & albumin < 2.5 g/100ml, Gp2: 71-80% of Harvard Std & albumin > 2.5 g/100ml
	Prospective cross-sectional

	
	
	
	
	
	
	

	Tuck,

1979

79254720
	Country: Australia & Indonesia

Setting: Hospital

Age(mo): ND

Wt/age: ND

Ht/length: ND

Enrolled/Eval:

 Gp1 marasmic 21

 Gp2 underweight 23

 Gp3 normal 25

% Male: ND

Race: ND
	ND
	ND
	Immunological deficiencies in normal children attending hospital in one site
	NA

(Patients classified according to Wellcome Working Party: underweight - 60-80% SWFA, marasmic - < 60% SWFA)
	Prospective cross-sectional

	
	
	
	
	
	
	

	Friedland,

1992

93159117
	Country: South Africa

Setting: Inpatient


Gp
Ctrl

Age(mo)
11
12

Enroled/Eval
1582
7282

% Male
ND 
ND

Race: ND (assumed all black)
	ND
	Children w/kwashiorkor, marasmus, marasmic kwashiorkor admitted, ages 2 – 84 mo

Controls - “well-nourished & children w/nutritional growth retardation admitted during same time period”, same age range
	ND
	Wellcome criteria with growth charts from NCHS
	Prospective


cross-sectional

	
	
	
	
	
	
	

	Ballard,

1995

95239862
	Country: Kenya

Setting: Rural village/


community outreach

Mean age*: 19.2 m
(17.7-25.1)

Wt/age: ND

Ht/length: ND

Enrolled: 114

Evaluated†
Gp1
Gp2
Ctrl

27
51
31

49% Male (enrollment)

Race: 100% Black Africans

* At enrollment, † Gp1 Mod-severe malnutrition, Gp2 Mild malnutrition
	Maternal reading level – average 3.5 yrs of schooling
	14-25 mo,  free from lower respiratory infections for ≥ 4 wks

Controls – “normal”
	ND
	Gp1 - ht/age < 90% of median

Gp2 - ht/age 90% to <95% of median
	Prospective longitudinal cohort

Followed for max of 12 mos

	
	
	
	
	
	
	

	Pandey,

1996

97246349
	Country: India

Setting: Outpatient

Age(mo): Range 0-59, Mode 24-35

Enrolled: 200 households

Evaluated:

Gr1
GrII
GrIII
GrIV
Nl

37
56
18
4
85

% Male: ND

Race: ND
	ND
	Random selection of < 5 y
	ND
	Graded nutritional status as GrI though GrIV clinically & by wt/age
	Prospective longitudinal

Assessments @ 2 wks for 1 y


	Author,

Year
	Correlates / Outcomes

 and measures
	Associations found
	Potential biases
	Comments

	
	
	
	
	

	Ferguson,

1974

75022280
	Immunologic - Rosette forming cells
	(percent of total lymphocytes) Gp - 16.6% (2.7 SE), Ctrl – 59.7% (1.4 SE)

Marked decrease in rosette forming cells (measure of cellular immunity) in severe malnutrition; RFC re-measured in 5/10 cases 7-17 d after feeding high protein, high calorie diet – values returned to nl (%RFC = 63.2% ± 2.4). Other measures of impaired immune function – in vitro response of lymphocytes to PHA stimulation showed trend to be diminished in cases, but NS (no data)
	7 diagnosed kwashiorkor & 3 with marasmus
	US government funded

	
	
	
	
	

	Neumann,

1975

75106463
	Clinical infections / parasites

Antibody responses


Gp1
Gp2
Ctrl
Tonsil size*
(%)
(%)
(%)


Score† 0
36
5
0


1+
52
50
34


2+
12
40
56


3+
0
5
10

Delayed hypersensitivity response


Lymphocyte response†
19
0
0

 
PHA‡
44
29
5


Monilia‡
59
38
20


SK-SD‡
76
57
23


KLH‡
5
0
0

Total serum proteins(SE)
5.1(.4)/
7.5(.1)
7.9(.1)


6.3(.4)§
CBC & differential


Hemoglobin
60
17.5
12.5


Iron
44.8
29.7
20


%Transferrin saturation
41.3
55.3
50

Complement  - C3
60.4(4.1)
86(3.9)
86.9(2.4)

* 0 = trace or absent, 1 = visible, 2 = enlarged beyond arch, 3 = extended past arch to uvula midline; † Percent reduced response; ‡ Percent nonresponders, § kwashiorkor/marasmus
	There was a marked increased in infections for severely malnourished group (Gp1), slight increase for the moderate malnourished group (Gp2) compared to Ctrl. The incidence of intestinal parasites were similar across the 3 gps, except for 10x increase in strongyloides stercoralis for Gp1, and 1 malarial case @ gp. Tonsil sz was decreased signf in Gp1 vs. Gp2 & Ctrl. 

Antibody responses were similar across all 3 gps. Lymphocyte response was signf lower in Gp1 vs. Gp2 or Ctrl. Cutaneous delayed hypersensitivity to PHA, monilia, SK-SD was signf lower in Gp1 & Gp2 vs. Ctrl. Response to KLH was slightly lower in the cases.

Vitamin deficiencies in all groups, most prevalent in Gp1. Complement C3 decreased signf in Gp1 vs. Gp2 & Ctrl; NS results for C4. Other nutritional deficiencies included decreased iron & transferrin in Gp1.
	Gp1 hospitalized cases, 16 of 34 had received nutritional tx before studies, Gp2 included 25 newly admitted & 17 living in orphanage or attendance at rehab clinic & were treated. Controls attended private nursery school or resided in orphanage & had some vitamin/mineral deficiencies
	Government funded

	
	
	
	
	

	Tuck,

1979

79254720
	Candida killing capacity

Marasmic
Underweight
Normal

13.7%
17.6%
44.5%


(3.4)*
(4.4)*
(8.8)* * SEM
	Candida-killing ability, as determined by Kolmogorov-Smirnov test, was reduced in each of two underweight populations compared with the well-nourished population (p < .001), NS between the underweight & marasmic gps
	Normal adults included in the control group, number of adults not known, site(s) of adults unknown, one of the 3 sites had no malnourished children who may have also been outpatients
	NS between the two malnourished groups on ability to resist candida; ND on funding source

	
	
	
	
	

	Friedland,

1992

93159117
	
Gp
Ctrl

Bacteraemia
(%)
(%)


Community acquired
7.7
4.9


Nosocomial
2.2
1.1


Overall
9.9
6.0

Mortality


Overall
13.3
4.1


With bacteremia
31
13
	Index group are statistically significantly at higher risk than control group for community-acquired bacteremia (p < 0.001, RR for FTT 1.6, CI 1.3 – 1.9), nosocomial bacteremia (p < 0.001, RR for FTT 2.0, CI 1.4 – 3.0), and mortality, including mortality related to bacteremia (p < 0.001, RR for FTT 3.2, CI 2.7 – 3.8).
	Index group considered severe malnutrition. Control group consisting of “nutritional growth retardation” which most likely represents what is recognized as FTT. Both factors invalidates the “controls’
	Risk of death of malnourished children 2.5 more likely to die than bacteremic non-malnourished; ND on funding source; Government, private, & hospital funded

	
	
	
	
	

	Ballard,

1995

95239862
	Acute lower respiratory infection
	Children classified as having moderate to severe stunting/malnutrition were at higher risk for ALRI (RR = 4.5, ht/age < 90% median) compared to non-stunted/malnourished children (ht/age ≥ 95% of median) (classification by NCHS criteria)
	8 LTF within 1 month of enrollment or had ALRI 4-8 wk period prior to observation; inconsistent data for # pts at evaluation; potential recall bias
	US government & privately funded

	
	
	
	
	

	Pandey,

1996

97246349
	
 No. of
# ARI episodes


children
per child / yr
Vit A deficient
28
7.4

Not deficient
172
5.6

Age(mo)
0-11
12-23
24-35
36-47
48-59

# ARI 
6.2
5.8
5.7
5.9
5.8

Sample n
27
31
62
34
46

ARIs / year


GrI
GrII
GrIII
GrIV
Nl

5.6
6.9
7.4
7.7
4.8
	The 28 children with evidence of vitamin A deficiency had significantly higher # ARI than children without vit A deficiency ((2 = 8.64, p < .01). There was association of increased malnutrition with more frequent # ARIs ((2 = 36.17, p < .05). There was no age or sex difference.
	Vit A deficiency diagnosed by “ocular signs using a brightly illuminated torch”
	Follow-up intervals @ 2 wk for 1 yr; ND on funding source
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