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Summary
Background & aims: 
Children with Severe Acute Malnutrition (SAM) often suffer from diarrhea, which is 

associated with increased mortality. The contribution of intestinal bacteria, parasites and 

viruses to morbidity such as diarrhea in SAM remains poorly understood. To evaluate 

their association with clinical outcomes, we detected stool pathogens in children with 

SAM at hospital admission and after clinical stabilization prior to discharge.

Methods: 
15 intestinal pathogens, fecal calprotectin and C-reactive protein (CRP) were determined 

at admission and after clinical stabilization in children aged 8-59 months (n = 47) 

hospitalized in Malawi for complicated SAM. Differences in fecal pathogens, intestinal 

and systemic inflammation, and clinical outcomes between time points were evaluated 

using the Wilcoxon Signed-Rank test or Wilcoxon ranksum test.

Results: 
On admission pathogens were present in nearly all children and after clinical stabilization 

many were cleared with only 55% of children still harboring a pathogen (89% vs. 55%, 

p = 0.001). Nosocomial infections were infrequent. The pathogens Giardia lamblia and 

Shigella spp. were most likely to persist. After clinical stabilization, fecal calprotectin was 

higher in children harboring a pathogen (median (IQR): 383 mg/kg (903-149 mg/kg) vs 

140 mg/kg (300-71 mg/kg), p = 0.03). CRP did not correlate with fecal calprotectin levels 

nor was it associated with pathogen detection. Presence of stool pathogens was not 

associated with clinical outcomes such as diarrhea.

Conclusions: 
Fecal pathogens were very common and cleared in most children with complicated 

SAM treated with antibiotics. The presence of stool pathogens after stabilization was 

associated with increased intestinal inflammation but not with clinical outcomes. (http://

www.isrctn.com/ISRCTN13916953).
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Introduction
Worldwide severe acute malnutrition (SAM) results in unacceptably high mortality rates 

of up to half a million deaths in children under the age of 5 years annually1. Despite 

standardized treatment protocols, inpatient mortality reaches up to 30% in many 

hospitals2-4. Recently, we demonstrated that diarrhea is related to mortality in SAM5. 

Diarrhea, a common problem in children with SAM4, has a broad differential diagnosis 

and may be secondary to osmotic diarrhea, HIV enteropathy, environmental enteric 

dysfunction or an acute intestinal infection. In Malawi, (chronic) malnutrition is a serious 

problem with around 47% of children stunted6. The nationwide prevalence of diarrhea in 

children under five has decreased from 13% to 7% from 2000 to 20137 but it remains a 

serious public health problem. Worldwide, children with malnutrition commonly harbor: 

pathogenic Escherichia coli, Salmonella spp., Shigella spp., rotavirus and Cryptosporidium 

spp.8-10. It is unclear how intestinal bacteria, viruses, and parasites are linked to morbidity 

(i.e., clinical relevant outcomes such as diarrhea) in children with SAM during inpatient 

rehabilitation. In addition, there is limited knowledge about nosocomial pathogen 

transfer during hospital stay and about the usefulness of the current treatment strategies 

aimed at clearing fecal pathogens. Therefore, in 47 children with SAM, we evaluated 1) 

changes in pathogen prevalence during hospital admission and 2) the relation between 

pathogens and clinical outcomes (diarrhea and duration of stay).
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Materials & Methods
Study design and patient recruitment
We studied 47 children aged 8-59 months included in a previous randomized clinical trial 

that was designed to compare the outcomes of 3 commonly used WHO rehabilitation 

diets (http://www.isrctn.com/ISRCTN13916953). The three diets were isocaloric but varied 

in their composition of carbohydrate and fat ratios. From January to July 2013, this study 

aimed to recruit 90 children (6-60 months), who were admitted to the NRU Moyo House 

of Queen Elizabeth Central Hospital in Blantyre, Malawi due to complicated SAM or failing 

standardized appetite test with Ready to Use Therapeutic Food (RUTF). Complicated SAM 

was defined as having 1) nutritional bilateral edema in feet, legs, hands, arms and face 

and/or 2) mid-upper arm circumference (MUAC) less than 115 mm or a weight-for-height/

length <-3 z score with medical complications or “danger signs” as described in the WHO 

guidelines2,11. These signs include cyanosis, respiratory distress, impaired consciousness, 

shock, hypoglycemia, convulsions, severe dehydration, profuse watery diarrhea, severe 

vomiting, and hypothermia. As determined by rapid antibody testing, HIV positive 

children (or exposed for children <18 months of age) were included in the original cohort. 

However, children were excluded if they 1) had been readmitted for SAM within the 

past year, 2) had a packed cell volume of <15%, 3) had severe hemodynamic instability, 

4) had unknown HIV status (because of testing refusal by caregiver), or 5) had severe 

neurologic symptoms such as convulsions5. From this cohort (n = 90), we additionally 

excluded children with: confirmed or clinically suspected malaria (n = 7), tuberculosis 

(n = 3) or insufficient or missing stool samples for analysis (n = 33) (Fig.1). All children 

received treatment according to WHO guidelines with specific modifications required by 

Malawian Guidelines2. This consisted of 1) nutritional management, 2) treatment with 

broad-spectrum antibiotics (chloramphenicol and gentamicin initially), 3) anti-helminthic 

therapy with albendazole, 4) vitamin A and folic acid, and when clinically indicated 5) 

additional antibiotics (metronidazole or ciprofloxacin). During the first phase of nutritional 

management, i.e., clinical stabilization, children were provided with a low-energy and low-

protein diet (F-75; 1.2 g protein/kg/day) until they showed improved appetite, or edema 

loss for children with kwashiorkor. Then, in transition phase, calorie intake was gradually 

increased and children received Chiponde (i.e., local name for RUTF) supplemented with 

F75 (75 kcal/100 mL), or F100 (100 kcal/100 mL). Children were discharged when capable 

of finishing their Chiponde feeds and when clinically stable (i.e., absence of danger signs 

as described by WHO guidelines). Caregivers provided written informed consent before 

patient enrollment and the study protocol was approved by the College of Medicine 
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Research Ethics Committee of the University of Malawi, College of Medicine in Blantyre, 

Malawi and by the Research Ethics Board of SickKids in Toronto, Canada. The primary 

outcome of this study was the presence of fecal pathogens detected by PCR at hospital 

admission and after clinical stabilization. Secondary outcomes included clinical outcomes 

(diarrhea, duration of stay), fecal calprotectin as a marker of intestinal inflammation, and 

antimicrobial use.

Included in randomized 
controlled trial (n=90)

Included patients
(n=47)

No fecal sample available at second 
time point:

Death (n=11)
Left hospital prematurely (n=2)
No fecal sample taken (n=18)

Children eligible for 
participation (n=78)

Excluded:
Tuberculosis (n=3)
Malaria (n=7)
No clinical data (n=1)
Age >60 months (n=1)

Fig 1. Flow chart of severely malnourished children included in this study.

Clinical data and stool collection
Anthropometric, demographic and daily clinical data were collected which included 

presence and degree of edema, appetite, stool consistency and frequency, antibiotic use 

and death or discharge. Diarrhea was defined as ≥ 3 loose or watery stools within the 

last 24 h and was assessed by maternal recall. Stool was obtained: 1) at admission and 2) 

after clinical stabilization prior to discharge. Stool was immediately cooled, homogenized 

and stored at -80°C.
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Fecal pathogens, fecal calprotectin and C-reactive protein
Fifteen different fecal intestinal pathogens were assessed by polymerase chain reaction 

at the Hospital for Sick Children, Toronto, Canada, using the Gastrointestinal Pathogen 

Panel (Luminex Molecular Diagnostics, Toronto, Canada) with a sensitivity of 95% and 

specificity of 99%5. In short, nucleic acids were extracted from 100 to 150 mg of formed 

or 100 mL of loose stool by easyMAG extractor (bioMerieux, St. Laurent, Canada) and 

underwent multiplex PCR for: 1- Salmonella spp., 2- Shigella spp., 3- Campylobacter jejuni/

coli, 4- Yersinia enterocolitica (pathogenic serotype only), 5- E. coli 0157:H7, 6- non-0157 

shiga-like toxin producing E. coli, 7- Clostridium difficile toxin A/B, 8- enterotoxigenic E. 

coli (ETEC), 9- Vibrio cholerae, 10- rotavirus A, 11- adenovirus 40/41, 12- norovirus GI/

II, 13- Giardia lamblia, 14- Entamoeba histolytica, and 15- Cryptosporidium parvum. Fecal 

calprotectin, a measure of intestinal inflammation, was measured using a standard 

enzyme-linked immunoabsorbent assay by the University Medical Center Groningen, 

Clinical Laboratory in the Netherlands. C-reactive protein, a measure of systemic 

inflammation, was measured using standard laboratory techniques by the University 

Medical Center Groningen, Clinical Laboratory in the Netherlands.

Statistical analysis
To examine differences between admission and after clinical stabilization, Wilcoxon 

Signed-Rank test, paired t-test or Wilcoxon rank-sum test were performed. To investigate 

the factors associated with morbidity, the Pearson’s correlation coefficient or Spearman’s 

rank correlation coefficient was used. A p-value of <0.05 was considered significant. 

Analyses were conducted using SPSS 22.0 Software (IBM, Armonk, NY, USA). Graphing 

was performed via GraphPad Prism version 6.00 (GraphPad Software, La Jolla, CA, USA) 

and Inkscape version 1.1 (Inkscape Project, https://inkscape.org).

Results
Clinical characteristics, diarrhea and intestinal pathogens
In our cohort of 47 severely malnourished children, 21% had diarrhea at admission. 

Demographic and clinical characteristics are detailed in Table 1. On admission, 42 children 

(89%) were positive for at least one intestinal pathogen and, of these, 49% harbored two 

or more pathogens. The bacteria Shigella spp., C. jejuni/coli, and the parasite G. lamblia 

were those most frequently detected (Table 2). After clinical stabilization still 55% of 

children harbored a pathogen (89% vs. 55%, p = 0.001). Of the children carrying multiple 

pathogens on admission, this reduced to 13% after clinical stabilization (p < 0.001). The 
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same pathogen(s) were detected both at admission and after clinical stabilization in 17 

children (36%) (Fig. 2). The number of pathogens did not differ by HIV status or age. One 

quarter (25%) of children acquired new pathogens during admission (Table 2). Clearance 

rates of all detected pathogens ranged from 44 to 100% with G. lamblia and Shigella spp. 

Showing the lowest clearance (Table 2).

Table 1. Demographics and clinical characteristics children with SAM included in this study (n= 47).a

Age, months 22.0 (8 - 59)b

Female, n (%) 24 (52)
Kwashiorkor, n (%) 34 (72)
HIV positive, n (%) 16 (34)
Weight at admission, kg
    Marasmus (n= 13)   5.2 ± 1.2
    Kwashiorkor (n= 34)   8.7 ± 1.9
MUAC at admission, cm
    Marasmus (n= 13)   9.9 ± 1.1
    Kwashiorkor (n=34) 12.5 ± 1.6
Length at admission, cm 76.1 ± 8.7
Weight-for-height Z score, SD
    Marasmus (n= 13)    -2.9 ± 0.28
    Kwashiorkor (n= 34)  -1.97 ± 0.82
Diarrhea day of admission, n (%) 9 (21)
Duration of stay, days    9.00 (6 - 26)b

a Values are n (%) or means  ± SDs. MUAC, mid-upper arm circumference.
b Median (minimum-maximum).

Pathogen clearance and relation to antibiotics
A total of 9 different systemic antibiotics were used in children with diarrhea; 

cotrimoxazole (100%), gentamicin (78%), chloramphenicol (67%), metronidazole (27%) 

and penicillin X (24%) were most frequently used (Table 3). Bacteria were the most likely 

to be cleared pathogen (Fig. 2). However, we were unable to assess the impact of second-

line antibiotics on pathogen clearance due to the variability in prescribed antibiotics as 

well as in treatment initiation and duration. Metronidazole was only prescribed to 12 

children (27%). Only 4 out of 18 children with G. lamblia detected on admission, received 

metronidazole for diarrhea. In these children, G. lamblia persisted in one case (25%), 

while this parasite persisted in 9/14 (64%) children who did not receive metronidazole. 

None of these children with persisting G. lamblia in their stool had diarrhea after clinical 

stabilization. Diarrhea was also not reported in the three children that acquired G. lamblia 

during hospital stay, nor did these children receive metronidazole.
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Intestinal inflammation, systemic inflammation and clinical 
outcomes
During admission 21% of patients had diarrhea. Diarrhea at admission or after clinical 

stabilization was not associated with the presence of any specific intestinal pathogen, 

increased fecal calprotectin levels or increased duration of stay. Duration of hospital 

stay and intestinal inflammation did not differ between children with or without a 

pathogen detected at admission. However, after clinical stabilization, calprotectin was 

higher in children still harboring an intestinal pathogen versus those without (median 

(IQR): 383 mg/kg (903-149 mg/kg) vs 140 mg/kg (300-71 mg/kg), p = 0.03). Based on an 

age-specific cutoff12, after clinical stabilization fecal calprotectin levels remained clinically 

elevated in 40% of patients. CRP levels significantly decreased after clinical stabilization 

(median (IQR): 18.0 mg/dL (50.0-6.60 mg/dL) compared with 3.5 mg/dL (14.5-0.90 mg/dL),  

p < 0.001). CRP levels did not correlate with intestinal inflammation.

Table 2. Pathogens detected by PCR with clearance rates (n=47)a,b 

Pathogen At admission After clinical stabilization

Clearance 
rate

Positive test 
result

Newly detected 
pathogen  

Persistently 
detected 
pathogen

Bacteria
Salmonella spp 4 (9) 1 (2) 1 (2) 3/4 (75)
Shigella spp 19 (40) 0 4 (9) 15/19 (79)
Campylobacter jejuni/coli 16 (34) 0 1 (2) 16 (94)
Enterotoxigenic E. coli 7 (15) 3 (6) 1 (2) 6/7 (86)
Clostridium difficile toxin A/B 0 0 0 -
Non-0157 shiga-like toxin 
producing E. coli

1 (2) 0 0 1 (100)

Yersinia enterocolitica 0 0 0 -
Vibrio cholerae 0 0 0 -
E. coli 0157:H7 0 0 0 -
Virus
Norovirus GI/II 5 (11) 0 2 (4) 3/5 (60)
Rotavirus A 4 (9) 3 (6) 0 4 (100)
Adenovirus 40/41 4 (9) 0 1 (2) 3/4 (75)
Parasites 
Giardia lamblia 18 (38) 3 (6) 10 (21) 8/18 (44)
Entamoeba histolytica 1 (2) 0 0 1 (100)
Cryptosporidium parvum 0 2 (4) - -

a Multiple pathogens were detected in 23 children (49%) on admission and in 6 children (13%) after 
clinical stabilization. 
b Data are presented as n (%). Clearance rate is calculated from the number of PCR positive cases at 
admission. 
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Fig 2. Venn Diagram of counts of children with bacteria, virus and/or parasites at A) admission and 
B) after nutritional rehabilitation.

Table 3. Systemic antibiotics used in treatment of children with SAM (n = 47). 

Antibiotic Children receiving antibiotic (%) Dosage Frequency per day
Amoxicillin 6 (14) 25 mg/kg, PO 2
Ceftriaxone 10 (23) 100 mg/kg, IV/IM 1
Ciprofloxacin 2 (4) 10-20 mg/kg, PO 2
Chloramphenicol 30 (67) 25 mg/kg, IV 4
Cotrimoxazole 43 (100) < 5kg: 120 mg

>5 kg: 240 mg, PO
2

Flucloxacillin 1 (2) 25-50 mg/kg, IV/IM 4
Gentamicin 35 (78) 7.5 mg/kg, IM/IV 1
Metronidazole 12 (27) 7.5 mg/kg, PO 3
X-penicillin 11 (24) 50.000 IU/kg, IM/IV 4

Data are presented as n (%).IM, intramuscular; IV, intravenously; PO, per os.
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Discussion
The present study suggests that many children with severe malnutrition that harbor 

intestinal pathogens at hospital admission are able to clear bacteria and viruses while 

receiving standard (nutritional) rehabilitation care including antibiotics. However, 

parasites are more likely to persist and children with these pathogens are less likely to 

receive anti-parasitic agents. The incidence of nosocomial intestinal pathogens was low. 

Persistent intestinal infection may be associated with prolonged intestinal inflammation 

as demonstrated by high fecal calprotectin after clinical stabilization. However, intestinal 

inflammation was not related to systemic inflammation. In our cohort, we could not 

establish an association between detection of specific intestinal pathogens and diarrhea.

In countries such as Malawi with poor water, sanitation, and hygiene (‘WASH’), co-

infections and asymptomatic carriage of pathogens are common among children living 

in rural areas13. As described previously5, pathogen prevalence varies significantly among 

children with SAM, which may relate to differences in region and study protocols. In our 

cohort, we found high prevalence of Shigella spp., C. jejuni/coli, enterotoxigenic E. coli and 

the parasite G. lamblia but a low detection of rotavirus. The high prevalence of nosocomial 

enterotoxigenic E. coli in our cohort (25%) is surprising with systemic antibiotic use that 

should be effective against E. coli; however, data on enterotoxigenic E. coli resistance 

patterns for this cohort was not available. As of 2013, most children in Malawi were 

routinely immunized for rotavirus which may partly explain its lower prevalence (25%) in 

our population compared to 32% among inpatients at the same study site from 1997 to 

200714. Literature suggests that the presence of enteropathy in children with SAM could 

explain the low efficacy of rotavirus vaccination; however, studies are being conducted to 

further study this hypothesis15. The presence of new or persistent G. lamblia (25%) could 

be due to sub-optimal use of anti-parasitic agents and suggests that using clinical criteria 

of persistent or worsening diarrhea for empirical prescription of metronidazole may not 

efficiently target infected children.

After clinical stabilization approximately 25% of the children had a new pathogen 

detected. This is surprisingly low, considering the limited hand washing practices, close 

quarters of patients in such settings and the incubation period of the pathogens studied. 

Therefore, simple pathogen detection in the context of low-resource hospitals and 

universal antibiotic administration may not be clinically useful or cost effective since the 

presence of pathogens does not clearly correlate with clinical signs/symptoms such as 

diarrhea, age and HIV reactivity. Further studies may find use in (semi)-quantitative tools 
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that are capable of the detection of pathogens with high sensitivity, with high accuracy 

across laboratories and ascribe diarrheal associations based on quantification of 

pathogens 16. Using a quantitative molecular diagnostic approach, Liu et al. showed that 

characterization of causes of diarrhea was improved and that a high burden of disease 

was associated with six pathogen groups: Shigella spp, adenovirus 40/41, ST-ETEC, C jejuni, 

C Coli, Cryptosporidium spp. and rotavirus17.

The fact that pathogen presence or clearance could not be related to clinical changes such 

as diarrhea may point towards mechanisms other than intestinal pathogens, commonly 

depicted as “the cause” of diarrhea. Other mechanisms might play (more) important roles 

in the persistence of diarrhea. Fecal calprotectin was high in most children at admission5 

but was not associated with pathogen presence; but it is reasonable to think that at 

this time point (i.e., admission) calprotectin could reflect high nonspecific intestinal 

inflammation. Conversely, after clinical stabilization the presence of an intestinal 

pathogen was associated with higher intestinal inflammation. These children could be at 

higher risk for sub-optimal nutritional recovery post-discharge or readmission, although 

the present study did not look into this.

Our study was limited by a relatively small group of children which prevented us from 

clearly establishing the relation between persistent or nosocomial intestinal pathogens 

and diarrhea. This study was performed in a “real world” low-income setting with limited 

research staff which required us to rely on maternal recall to characterize diarrheal 

episodes. Our group recently showed poor agreement between maternal recall and 

the ‘gold standard’ of directly observed diapers18. Thus, the prevalence of diarrhea 

could be higher than 21% in our cohort. Recruitment of age matched controls proved 

to be infeasible as caregivers refused to allow venapuncture and stool collection in their 

healthy children. Secondly, it is hard to distinguish between active versus prior infection 

or colonization with multiplex PCR. Finally, the timeline between the samples may have 

been too short to detect nosocomial infections of pathogens that need longer incubation 

times to reach detectible levels. In low-resource settings the distinction between a 

treatable and non-treatable cause of diarrhea is difficult. Intestinal pathogens may not 

be the main contributing factor to diarrhea in children with SAM. This study underscores 

the need to more specifically identify children that harbor parasites as well as improve 

the mechanistic understanding of diarrhea in SAM in order to improve treatment and 

thereby the survival of severely malnourished children.
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