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Abstract: Background: Hospital -acquired infections (HAIs) can increase healthcare costs due to
prolonged stay, and also contribute to increased microbial resistance due to the widespread
occurrence of multidrug resistant pathogens in health facilities. The share of hospital-acquired
infection in hospital stay time to the population of severe acute malnourished receiving treatment
remains uncertain. Objective: This study investigates the outcomes, time to recovery and predictors
of hospital -acquired infections (HAIs) among severe acute malnourished (SAM) children admitted
to the Asella Referral and Teaching Hospital in Ethiopia's Oromia Region.Methods: A retrospective
cohort study design was implemented, assessing factors influencing recovery time and identifying
key predictors of HAIs among 493 infection-acquired children in the Hospital from registry data of
2020 to 2022. Data was extracted for one month by three nurses working on the pediatric ward. A
descriptive survival analysis and a log-rank test was performed to make a comparison of survival
characters among the categories of covariates. A Cox proportional hazard regression model was fitted
to identify predictors that affect the outcome variable (time to recovery). Statistical significance of a
variable was declared at a p-value less than 0.05.Results: The findings revealed a median time to
recovery is 18+ 1.2 days, with HAIs observed in 38.5% of cases for 1957 days in the hospital. Children
who acquired hospital infections (HAIs) during treatment experienced a high percentage of 40%
delay in recovery (AHR = 0.60, 95% CI: 0.445 — 0.829, P = 0.002), and the statistical report indicated
that the result is significant. The survival of the SAM associated HAIs children was significant
statistically among male (y% = 3.5, p= 0.06, fully immunized(x? = 0.53, P= 0.467), and received
antibiotics medication (y? = 4.34, p= 0.037) during the treatment, and, ( x% =434, p = 0.0373
respectively). The incidence rate recovery/survival was 0.03678 per-person day and IR of death is 0.04
per-person day among Nls. According to the WHZ Z score, children under the age of 0 to 5 and a
half months fell between the range of -0.5 <z-score< -0.10. Conclusion and recommendations: The
recovery rate of the children in the current study was 37.9% for SAM associated NIs and 57.75% for
non-NIs, which is below the minimum standard of the SPHERE project and other studies in Ethiopia.
Children who obtained antibiotic during care recovered far better than those who did not (Adjusted
Hazard Ratio [AHR]: 0.607, 95% CI: 0.445-0.82, P = 0.002). This emphasizes how crucial the right
antibiotic treatment is to be enhancing these children's likelihood of recovery. Anemia, tuberculosis,
HAI, and bottle feeding are the most common co-morbidities seen and the main contributor to the
delay of recovery, which is consistent with the reports of different scholars in Africa. Determining
the most common type of HAIs in a hospital setting also requires defining the various types of HAIs.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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We suggested looking into more research on the impact of HAIs (NIs) on the recovery of
malnutrition, particularly in edematous SAM.

Keywords: Hospital-acquired infections (HAIs); nosocomial infections (NIs); time to recovery; SAM;
Ethiopia

1. Introduction

HAIs are ubiquitously associated with a prolonged length of stay (LOS) and disability-adjusted
life-years (DALYs), while putting patients at serious risk of morbidity and in-hospital mortality [1].
The inability to fully implement infection prevention protocols, coupled with steep increases in
antibiotic use throughout the pandemic, have only facilitated further development of antimicrobial
resistance [2], which is now responsible for almost 5 million deaths each year [3]. Effective IPCs are
crucial to ending avoidable NIs and an integral part of the delivery of safe, effective, high quality
health service delivery [4]. The contribution of malnutrition to this remains uncertain, but earlier
studies have shown that neonatal infections rates are 3-20 times higher than that of higher-income
countries compared to newborn children in low-and middle income countries (LMICs) [5].
Inadequate and unsafe water, sanitation, and hygiene (WASH) and the lack of adherence to
guidelines and practices of infection control protocols (ICPs), unsafe waste management, exacerbated
by the overcrowding of health facilities, increase the risk for HAIs [6].

Hospital-acquired infections or Nosocomial infections (NIs) are a major challenge for LMICs that
have limited healthcare resources. HAIs/NIs are acquired infections that were not previously present
in the patient prior to hospital admission [7]. Nosocomial infections increase the costs of healthcare
due to added antimicrobial treatment and prolonged hospitalization. Since the prevalence of Nls is
generally higher in developing countries with limited resources, the socioeconomic burden is even
more severe in these countries [8]. HAIs can be caused by microorganisms already present in the
patient’s skin and mucosa (endogenous) or by microorganisms transmitted from another patient or
the surrounding environment (exogenous). There are three common modes of transmission direct
contact, indirect contact through contaminated objects, and airborne droplets [9].

The current burden of malnutrition globally is unacceptably high, and every country in the
world is affected by malnutrition. Severe acute malnutrition (SAM) is the leading cause of death
among under-5-year-old children in addition to pneumonia and neonatalsepsis with 20% of pediatric
hospital admissions in Ethiopia and is a cause of 25%- 30% ofdeath in many poor countries [10]. The
problem of SAM is not only a medical disorder, but also a social disorder. Therefore, successful
treatment of severely malnourished patients requires both medical and social efforts and [7] In 2019,
144 million under-five-year-old children were suffering from stunting while 47 million were wasted
of which 14.3 million were severely wasted worldwide. Across the world, SAM has contributed to
3.6 million under-five children death [11].

Malnutrition affects between 20% and 50% of hospitalized patients at admission, with further
declines expected during hospitalization. Hospital malnutrition is a predictor of longer stay,
impaired wound healing, increased risk of infections and complications, and increased morbidity
and mortality. Recovery from SAM, especially among HAIs, remains challenging, insufficient, and
even little is known about recovery time from SAM among those infected and its predictors among
children aged 6 to 59 months in Ethiopia, in general, and in the study area in particular. The
proportion of recovery from SAM among children aged 6 to 59 months in Ethiopia ranges from 58.4%
to 87% [10]. Hospital acquired infections (HAIs, called Nosocomial infections (NIs), are among the
most significant causes of morbidity and mortality in healthcare settings around the world.

Worldwide, hundreds of millions of patients are estimated every year in developed and
developing countries are affected by HAIs [12]. In the USA, approximately 2 million patients
developed HAIs, and nearly a hundred thousand of these patients were estimated to die annually,
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and this ranked HAIs as the fifth leading cause of death in acute care hospitals annually [13]. From
the study done by Sheng et al [14], in 2017 Nls were directly involved in 80.5% of patients and 67.9%
of death occurred within two weeks. The available evidence also showed that the financial burden,
increased resistance of microorganisms to antimicrobials, prolonged hospital stay, and sometimes
deaths are caused by HAIs. In developing countries, the magnitude and incidence of HAIs remains
underestimated and uncertain specifically in pediatric populations. Furthermore, in Ethiopia, studies
focused only on adults were previously conducted, and many of these were limited to surgical site
infections, [15,16] and few on urinary tract (UTI) and bloodstream infections (BSIs), and mostly
common forms of HAIs in Ethiopia. In pediatric studies of factors and incidence investigation of
HAIs, 13 per 100 admitted children was reported cumulative incidence, and SAM and LOS are
reported as an underlying factor to the risk of HAIs [17].

In Ethiopia, regardless of the growing burden of various types of HAISs; it continues to receive
relatively low public health priority. HAIs have continued to be a public health issue due to their
devastating effect and double burden on both patients and their families in general;, however, no
research has been conducted focusing on the management appropriateness of HAIs [15].

However, the impact of malnutrition on the incidence of NIs and their effect on the duration of
hospitalization have not been established among paediatric patients in developing countries. Due to
the current need for investigation, we have planned to evaluate the recovery time of acquired hospital
infections among severely acute malnourished children admitted to Asella referral and teaching
hospital. The evaluation of the outcomes, time-to-recovery and predictors of hospital-acquired
infections at hospital levels with SAM should emphasise accurate assessment of malnutrition using
validated assessment tools.

2. Methods and Materials

2.1. Study Area, Design and Period

The pediatric and child health department of Asella Referral and Teaching Hospital hosted the
study. Presently, the hospital provides care for approximately 841,158 patients a year, including
19,452 children under five years of age and 4395 pregnant women from various agro-ecological
environments in the Oromia region state's Arsi Zone, West Arsi, and East Shewa Zone. A
retrospective cohort study design was implemented to select the infections acquired children in the
healthcare setting among SAM from Hospital registry data from May to June 2023.

2.2. Population of the Study

The targeted study included the records of all children under 59 months of age who were treated
for SAM in the inpatient therapeutic feeding center of the Asella referral and teaching hospital. All
the children were admitted according to the Ethiopian National SAM guidelines and WHO
recommendation (i.e, MUAC, bilateral edema, WFH/L, and medical complications) [18,19]. The data
registry included in this study was includes the children admitted in the hospital Therapeutic
Feeding Unit (TFU) from September 9, 2020, to January 20, 2022. Incomplete documentation
(incomplete data charts, an outcome not known), admission criteria not registered in their TFU card
and SAM Children treated at Outpatient Therapeutic Program (OTP) units were excluded.

2.3. Sample Size Determination and Sampling Procedure

The sample size is calculated using the double population formula in Epi-info version 7.2
considering the recent report assumption of the proportion of children recovered in exposed 65.4%
and adjusted to increase sample 70% [20] and children recovered in the non-exposed 96%taken from
a retrospective cohort study considering Ethiopian context [10,21]. The ratio of non-exposed to
exposed (r=1) =1:1, where p1 is the proportion of subjects (recovered) in the exposuregroup, p2 is the
proportion of subjects (recovered) in the non-exposuregroupand Power= 80% =1-(3, Zg=0.84. Taking
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into account the assumption to calculate the sample size, a= level of significance, Za/2=1.96 at 95%
CL and compensation for the missing effect of the potential source error design of 2 is used.
Considering the missing records/incomplete data, 10% of the sample is included, and the final sample
size of 493 SAM records were included. Eligible cases were selected using existing medical
registration numbers using a systematic sampling technique to generate the required samplesize,
starting from the most recent month and goingbackward, based on the sequence of medical card
numbers.

2.4. Data Collection and Quality Assurance

Structured data extraction tools adapted from the Ethiopian SAM management protocol [22],
and reviewing relevant literature [23-28]. Data was collected from patient cards and SAM registration
logbook by data collectors who was trained in data collection techniques. Data were extracted for one
month and half by two nurses working in the pediatric ward and four administrative staff members
from the patient registry ward where they received intensive work training. The overall activities
were controlled by the principal investigator. The technique for data collection is daily extraction
from the patient's medical record and the SAM treatment registry retrospectively. The supervisors
strictly followed the general activities of the data collection on a daily basis to ensure the
completeness of the questionnaire and to provide further clarification and support to the data
collectors.

2.5. Data Management and Analysis

Epi-info was used for data entry and the data was subsequently exported to Stata version 17 for
data cleaning and analysis. Finally, data were analyzed using the R software version 4.3.3. A
descriptive Kaplan—-Meier (KM) survival estimator and log-rank test method was used, of which non-
parametric survival analysis was used to estimate the survival between SAM and hospital acquired
infected SAM recovery. The independent effect of the survival predictors for the recovery time was
estimated using the Cox proportional hazard model. The Akaike information criteria (AIC) were used
to identify model fitness . The Cox proportional hazard assumption was checked graphically (log-log
plot) & statistically (Global goodness of fit test). Finally, the Cox Snell residual test was used for
checking final model Adequacy. Goodness of fit of the model was assessed using the Cox-Snell
residual technique. The model was built by a stepwise analysis procedure. The potential predictors
for the entire model were selected by bi-variable Cox proportional regression with cut-off point P
<0.25. The association between predictors and survival of the children with SAM was summarized
using adjusted hazard ratio (AHR) and statistical significance was tested at P < 0.05.

2.6. Ethical Consideration

Formally, the research was ethically approved by letter of support is sent to Oromia and South
Nation, nationalities and People regional Health Bureaus with the letter of minute no. (F2ALT/
453/13/21). The Oromia Regional Health Bureau Ethics review committee also reviewed the research
for the implementation and approved the research with the IRB minute number of BEF/IRB/1-
16/3022. Before starting -the data collection, ethical clearance was obtained from Arsi University
College of Health Sciences. I/n addition to this, a supportive letter was prepared to the Pediatrics
department of Arsi University, as well as permission to review the registry card was obtained from
the Clinical Medical Director of the Asella Teaching and Referral Hospitals. To ensure confidentiality,
the name and other identifiers of patients, physicians, and other healthcare members who examine
the patient are not recorded in the data abstraction format.
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3. Results

3.1. Descriptive Analysis
3.1.1. Socio-Demographic Characteristics, Nutritional Status, and Incidence of HAIs

Baseline Data Characteristics of Children

From the cohort of all children with SAM followed retrospectively, we recruited 493 children
with SAM based on inclusion criteria (190 found nosocomial infection, that is, 38.5%) from hospital
registry cards. The median age of the children is 11 months with an interquartile range of 7 months.
Among these children followed, 292 (59.2%) were male and 245 (40.8%) were female. Most (n = 426,
86.4%) of the children were from rural areas. Regarding the immunization history of these children,
232 (47.10%) were fully immunized and 446 children (90.5%) EBF. Additionally, 424 (86%) children
started complementary foods (CF). Bottle-feeding was practiced among 235 children (47.7%) and
recovery was registered among 96 children (i.e. 39.2%) of the SAM children practicing bottle-feeding.
Among children who started and completed complementary feeding according to the WHO
guideline, 211 children (that is, 83.7%) recovered whereas, only 40 (16.3%) of children was recovered
among who did not complete therapeutic feeding (Table 1).

Table 1. Baseline sociodemographic characteristics of the children.

Variables Categories Total Total % Censored Censored % Recovered Recovered %

0-6 months 106  21.50% 47 19 59 241

7-11 months 149  30.20% 77 31 72 29.4

Age of the child 12-23 months 160  32.50% 81 32.7 79 32.2
24-36 months 70  14.20% 40 16.1 30 12.2

36-59 months 8 1.60% 3 1.2 5 2.0

Sex of child Male 292 59.20% 153 61.7 139 56.7
Female 201  40.80% 95 38.3 106 43.3

Exclusive Breast Yes 47 9.50% 34 13.7 13 5.3
feeding No 446 90.50% 214 86.3 232 94.7
Residence Urban 67  13.60% 37 14.9 30 12.2
Rural 426  86.40% 211 85.1 215 87.8

. Yes 235  47.70% 139 56.0 96 39.2

Bottle feeding (BF) 258 52.30% 109 44 149 60.8
Complementary Yes 424 86.00% 219 88.3 205 83.7
Feeding (CF) No 69  14.00% 29 11.7 40 16.3
Fully Immunized Yes 232 47.10% 117 47.2 115 46.9
No 261  52.90% 131 52.8 130 53.1

Measles Yes 3 0.60% 3 12 0 0

No 490  99.40% 245 98.8 245 100

Anemia (Pale Yes 152 30.80 77 31 75 30.6
conjuctives) No 341  69.20 171 69.0 170 69.4
TB Infection Yes 464  94.10 232 93.5 232 94.7
No 29 5.90 16 6.5 13 5.3

Preumoria Yes 306  62.10 160 64.5 146 59.6
No 187  37.90 88 35.5 99 40.4

. Yes 30 6.10 17 6.9 13 5.3
Anti-TB drug No 463 9390 231 93.1 232 94.7

Table 2. Therapeutic feeding and supplementation characteristics of the children.
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Based on the current investigation of recovery between different SAM groups, the marasmus
was the predominant type of SAM recorded (n = 447, 90.70%), where half of them were recovered
from SAM during therapeutic feeding management (n=221, 90.2%). Various types of graded edema
were observed among 43 (8.70%) of SAM children. Folic acid, Vitamin A and zinc supplementations
were provided to 76 (15.4%), 13 (2.6%), and six (1.2%) of children with SAM, respectively. Regarding
vitamin A supplementation, among the total children (n=252) expected to take supplementation
according to the WHO recommendation, only 2.78% of the children received vitamin A (data are
presented in supplementary Table S1). Formula 75 (F-75) was the main supplement during the
treatment course 380 (77.1%) (Table 2). Six (6) children received zinc supplementation [Zn
(CHsCOO):] as part of their diarrhea treatment, according to the 2019 SAM management guideline
in Ethiopia and the WHO standard.

Table 2. The therapeutic feeding and supplementation characteristics of the children by their survival status.

Variables Categories Total Total % Censored Censored % Recovered Recovered %
Marasmus 447  90.70% 226 91.1 221 90.2
Type of SAM K;szrs:slzfilz?r 31 6.30% 16 6.5 15 6.1
15 3.00% 6 24 9 3.7

Kwash

Edematous Yes 43 8.70% 226 91.1 224 914
No 450  91.30% 22 8.9 21 8.6
NG Tube Feeding Yes 273 55.40% 152 61.3 121 49.4
No 220 44.60% 96 38.7 124 50.6
Folic Acid Yes 76  15.40% 44 17.7 32 13.1
supplementation No 417 84.60% 204 82.3 213 86.9
Vitamin A Yes 13 2.60% 6 2.4 7 2.9
Supplementation No 480  97.40% 242 97.6 238 97.1
Zinc Yes 6 1.20% 2 0.8 4 1.6
Supplementation No 487  98.80% 246 99.2 241 98.4
Formula 75 Yes 380  77.10% 198 79.8 182 74.3
No 113 22.90% 50 20.2 63 25.7
Formula 100 Yes 114 23.10% 53 214 61 24.9
No 379 76.90% 195 78.6 184 75.1
Ready to use Yes 166 33.70% 85 34.3 81 33.1
therapeutic food No 327  66.30% 163 65.7 164 66.9
. Yes 293 59.40% 144 58.1 149 60.8
ResoMal fluid No 200 40.60% 104 41.9 9 39.2

1.1. Magnitude of HAIs, Body Composition, and Clinical Characteristic of Children

Regarding the hospital-acquired infection assessment out of the 493 children screened 190
(38.5%) of them acquired NI during hospital treatment as presented in Table 3. From these children,
recovery was observed among 70 (28.6%) children during treatment, where this recovery is strongly
affected with the presence of HAIs (x? =16.724, p < 0.001) and Fever (x? =8.09, p = 0.003). The
predominant type of HAIs that was named by the physician and recorded accordingly was
Pneumonia 181(36.7%) followed by UTI 21(4.30%). Regarding to the clinical history 328 (66.5%) of the
children have a recorded history of vomiting during treatments. Diarrhea, and cough are the most
common clinical symptoms among these children reported at 283 (57.4%) and 338 (68.6%)
respectively, where recovery is low in this group of children (the recovery from SAM among the
dehydrated group is 142 (49.1%) and 167 (47.85%) among the group of cough symptoms).

d0i:10.20944/preprints202502.1361.v1
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Table 3. Nosocomial infections, and clinical characteristic of Patients by survival status.
. . Recovered

Variables Categories Total Total % Censored Censored % Recovered o

(o]

. Yes 6 1.20 4 1.6 2 0.8
Blood in the stool No 487 9880 244 98.4 243 99.2
. Yes 13 2.60 9 3.6 4 1.6
Septic Shock No 480 9740 239 96.4 241 98.4

Malaria Yes 1 0.20 1 0.4 0 0

No 492 99.80 247 99.6 245 100
Diarrhea Yes 283 57.40 144 58.1 139 56.7
No 210 42.60 104 419 106 43.3
Cough Yes 338 68.60 177 71.4 161 65.7
s No 155 31.40 71 28.6 84 343
Fever (Altered body Yes 145  29.40 88 35.5 57 23.3
Temp) No 348 70.60 160 64.5 188 76.7
HAITs Yes 190 38.50 120 48.4 70 28.6
No 303 61.50 128 51.6 175 714
Yes 181 36.70 137 55.2 175 714
Type of HAIs PNEU () 312 6330 111 44.8 70 28.6
Yes 2 0.40 247 99.6 244 99.6

Type of HAIs_BSI No 491 99.60 1 0.4 1 0.4
Yes 2 0.40% 247 99.6 244 99.6

Type of HAIs_SSI No 491 99.60 1 0.4 1 0.4
Yes 21 4.30 237 95.6 235 95.9

Type of HAIs _UTI No 472 9570 11 44 10 41
Vomitin Yes 328 66.50 166 66.9 162 66.1
& No 165 33.50 82 33.1 83 33.9
Intravenous fluids Yes 456 92.50 225 90.7 231 94.3
No 37 7.50 23 9.3 14 5.7
Antibiofics Yes 467 94.70 237 95.6 230 93.9

No 26 5.30 11 4.4 15 6.1

1.2. The Median Time to Recovery and Treatment Outcomes

Regarding the survival outcome of the 493 cohorts, the median recovery time is 18.12 days with
an interquartile range of 1.22 days (95% CI: 15.73: 20.50) (Figure 1). In full observation of the children
during treatment, 245 (49.7%) of the children were recovered or cured, and 154 (31.2%) of the SAM
children were transferred out, 70 (14.2%) of the children were released (they had not completed the
treatment) and 18 (3.7%) of the deaths were reported (Figure 2). The survival curves for the children
recruited in the survival analysis were estimated using the Kaplan-Meier curve. The estimated
survival status of children with HAIs among SAM shows that most of the children recovered within
the first 17 days. The survival of the SAM children was evaluated using the log-rank test between the
gender, fully immunization and antibiotics medications, the result shows significantstatistically (x? =
3.5, df=1, p=0.06, (x* = 0.53, P=0.467), and, (x* = 4.34, p = 0.0373 respectively). When comparing the
discharged status of children followed by the NlIs (HAIs) category, about 252 (50%) of the children
recovered from the HAIs during treatment.

d0i:10.20944/preprints202502.1361.v1
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1.3. Incidence Rate (IR) of the Recovery

The management of HAIs associated SAM for complicated or uncomplicated diseases was
treated at the stabilization center according to the WHO and SAM management guideline for the
1957 days were 72 (37.9%) recovery was registered [22]. The incidence (the rate at which a new event
occurs) within the specified period is calculated based on the time overall children were following
during the treatment 1957 days . The IR of recovery/survival was 0.03678 per-person day (36.8
recovery/1000 person days) among NIs. The IR of death among non NI associated SAM was 0.04 per-
person day (4.0 death/1000 person days) and 0.0656 per-person day (6.56 death/1000 person days)
among the NI group per day observation. The recovery rate of the SAM associated with NI is 29.39%
and 175 (57.75)%% among associated SAM treated children.

The Kapla-Mierer curve showed the survival of the offspring among SAM with or without
HAIs/NIs (Figure 3). When comparing the median survival of children among HAISs, the group of
SAM with HAIs had a worse survival rate than the group of children without HAIs. However,
compared to children who did not acquire infections at hospital after started treatment, children with
SAM associated with HAIs had longer survival times.

Kaplan—-Meier survival estimates Kaplan-Meier survival estimates

] ﬁhﬁ
AN

1.0
1.0
L

| ™

%
HJ;EL

0.8
L
0.8

0.5
L
0.5

o | arld
(=] (=]
o o N ’
L T T T T T = T T T T T
0 20 40 &0 80 0 20 40 &0 80
Analysis time Analysis time
Murrber at risk MNurmber at risk
HAl =Yes 190 15 0 0 0 Edematous =1 43 6 0 0 0
HAls =Mo 303 20 3 1 0 Edematous =2 450 29 3 1 0
| HA=Yes ——— HAls=No | [ Edematous = 1 Edematous =2

Figure 3. The Kaplan-Meier survival estimates by HAIs status and Edematous group.

Log-rank test for equality of survivor Log-rank test for equality of survivor
functions (For mortality indicator) functions (For survival indicator)
Ob
s:rve Expected Observed Expected
HAIs events events HAIs events events
Yes 7 7.25 Yes 72 103.66
No 11 10.75 No 173 141.34
Total 18 18 Total 245 245
chi2(1) 0.01 chi2(1) 18.27
Pr>chi2  0.9042 Pr>chi2 0

1.1. Body Composition Assessment and Nutritional Indicators by Their Discharging Status

Figure 4 showed the evaluation of body composition of the children and their nutritional status
at the time of discharge or in the record before an event (a to d). Although there are still obstacles in
the way of implementing the American Society for Parenteral and Enteral Nutrition (ASPEN)
definition of pediatric malnutrition, which includes several characteristics of poor health outcomes
of a malnourished child, in daily clinical practice [29]. In an effort to harmonize the method for using
Z-score to diagnose malnutrition in children, global data suggested z-score has a higher sensitivity
for both forecasting death and identifying children who are more likely to experience SAM [18,19].
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Figure 4 (a) shows that, according to the WHZ Z score, children under the age of zero to five and
a half months fell in the range of -0.5 < Z-score< -0.10, indicating a higher risk of severity in SAM and
a good predictor of the age group in question predicting mortality after hospital release. On the other
hand, children in the 36- to 59-month age group fell into the 0.10 < Z-score < 0.90 area, which means
that there is no assurance that they will recover fully recover and catch up on their growth [30].

The distribution of SAM children according to their HAI status is shown in Figure 4 (b). Both
children who contracted infections while in hospital and those who did not fall into the categories of
death and loss of follow-up had low WHZ Z scores (- 0.35 < WHZ < -0.05), denoting a higher risk of
severity. The children's BAZ was used for the current investigation. Children who did not survive to
follow-up were at risk of wasting compared to the remaining group of children, regardless of their
HAI status, based on the Z score of BMI for age (BAZ) of the children that suggested identifying the
risk of wasting (Figure 4(c)). However, as Figure 4 (d) illustrates, the inclusion of thinness variables
in the model has demonstrated a significant change in every group of children throughout discharge.

WHZ =—e—7Wt —8—7Ht BAZ

Change over the WHA and
0.90 - . .
050 1 T discharging status by their
0.60 |
060 | HAls
0.40 | T
[ 0.30 0
0.20
§ 0.10 L I & ~ _g'
N 0.00 = : ~ < 5
-0.10 O—T.S 6-15.9 12-23.9 24-35 Isg -
020 -0
030 | 4
-0.40 + . . .
oD & I Discharging status
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AGE GROUP (MONTHS) —— WHZ-NoHAls WHZ-NI
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status in presence of HAIs underfive children by their
0.2 wasting and Thinness
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Figure 4. Body-composition assessment and nutritional status by discharging status and age group.

1.1. Predictors of Hospital-Acquired Infections Among Severely Acutely Malnourished Children

We conducted a bivariate Cox regression analysis to identify candidate factors for the entire
model with cut-off point P <0.25. Children's sex, exclusive breastfeeding, bottle-feeding,
complementary feeding, immunization, blood in the stool, tuberculosis infection, intravenous fluids,
HAISs and their types (UTI), and Formula-75 were the variables. TB infections, intravenous fluid use,
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exclusive breastfeeding, full vaccination, and HAIs were identified as independent predictors of SAM
survivalwith HAI (P-value < 0.25).

Children who received exclusive breast-feeding had a chance of full recovery of 1.458 (AHR =
1.458, 95% CI: 1.249-1.841, P = 0.012) higher than as compared to those who did not receive such care.
Furthermore, compared to children with SAM without TB infection, those with a history of prior TB
infection had a 10% (AHR = 0.9, 95% CI 0.834 — 0.928, P = 0.038) higher chance of experiencing a
delayed recovery rate. Additionally, children who used intravenous fluids had a 30% higher
probability of experiencing delayed recovery than children who did not (AHR =0.79, 95% CI: 0.561 —
0.903, P =0.006), a finding supported by highly significant statistical reports. Furthermore, compared
to children who did not acquire any infections, children who acquired hospital infections (HAI)
during treatment experienced a high percentage 40% delay in recovery (AHR = 0.60, 95% CI 0.445 —
0.829, P = 0.002), and the statistical report indicated that the result is significant (Table 4).The Cox
regression model adequacy test using proportional hazards assumption test

Table 4. Predictors of Hospital-acquired infections among severely acutely malnourished children.

. Event of Survival

t TSRS CRH (95%: E P-
Variables Categori Censor ¢ (95% SE (Coeff) P-value AHR (95%: CI) 5
e d Recovered (@) (Coeff) value
0.801 1.219 (0.934-
Mal 1 1 1 22 136 .145
Sexofchild e 193 B oss01147) 18 0226 1.592)
Female 95 107 1 1
Exclusive 2.835 (1.457- 1.458 (1.249-
Breast Yes 214 232 5.517) 0340  0.002 .841) 310 012
feeding No 34 13 1 1
Bottle Yes 139 9% 0505 (0.353- 105 oo  L134(0841- 152 409
feedine (BE 0.723) 1.528)
eeding (BF) o 100 149 1 1
Complement 1.474 (0.881- 1.447 (0.906-
Y 21 2 2 14 2 122
ary Feeding ? 05 2.465) 0265 0 2.310) 39
(CF) No 29 40 1 1
Fully Yes 131 130 1'82(32';3‘ 046 0014 1.91(1.16-3.13) 048  .010
Immunized = =0 115 1 1
. 0.502 (0.091- 2.785 (0.644-
Blooct:l 1r} the  Yes 4 2 2767) 0.871 0.229 12.047) 747 171
Stoo No 244 243 1 1
0.813 (0.382- 0.906 (0.834-
B Infection Y¢S 16 13 1727) 0385  0.189 0.928) 298 038
No 232 232 1 1
0.963 (0.515- 1.177 (0.445-
Y 22 21 31 2 4 742
Edemateous > 1.801) 0319 0.206 3.116) %
No 226 224 1 1
Intravenous  Yes 23 14 0593 (0298 350 gag7 0793 (0361 288  .006
fluids 1.181) 0.903)
No 225 231 1 1
0.459 (0.316- 0.607 (0.445-
Y 118 72 189 ) 159 .002
HAIs es 0.664) 0 0.000 0.829) 00
No 130 173 1 1
. 353- 827 (0.404-
Type of Yes 9 10 0885(0.353- ) 1g9 104 0827(040 365  .602
HATLs UTL 2.217) 1.692)
- No 239 235 1 1
0.730 (0.478- 1.194 (0.713-
Y 1 182 21 41 2 501
Formula75 o % 8 1.113) 0215 0413 1.998) 63 50
No 50 63 1 1
Formula 100  Yes 53 61 1220(0.802- o1y oz 1740831 257 216

1.856) 2.274)
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No 195 184 1 1
0.947 (0.652-
RUTE Yes 85 81 1376) 0191 0176 .952(0.706-1.283) .152  .747
No 163 164 1 1
1.121 (0.782-
ResoMal  Yes 144 149 ) 6(86)8 0184 0234 984 (0.751-1289) .138  .904
fluid No 104 9% 1 1
0.40 (0.159 —
Y 237 2 187 0. 36 (0.142-0.92 17 0.034
Antibioics YOS 3 30 0.999) 0187  0.050 0.36(0.142-0.925) 0 0.03
No 11 15 1 1

3.2. Diagnostic Test Based on the Schoenfeld Residuals

To test the proportional hazards assumption, the Schoenfeld residuals - a plot of residual vs.
time event - were produced for each individual variable at a particular time for all covariates (Figure
5). Based on the obtained plot we understand that the straight line passing through a residual value
(0) with gradient 0 shows that the variable satisfies the proportional hazards assumption and we
conclude that it does not depend on time value. Furthermore, based on the plot's output, each
covariate's independence test between the residuals and the time is not statistically significant (p
>0.05), and the global test is also not significant (y? = 2.66, df = 5, P = 0.7525) which indicates enough
to support the adequacy of the model to predict the dependent variable. Additionally, the model was
tested using Akaike's information criterion and Bayesian information criterion (AIC: 607.96 and BIC:
624.196)

Global Schoenfeld Test p: 0.915

Schoenfeld Individual Test p: 0.9008 Schoenfeld Individual Test p: 0.8299
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Figure 5. Diagnostic test based on the Schoenfeld residuals.

3.3. Model Goodness-of-Fit and Diagnostic Validity

The other test of the standardized residual test for the reliability analysis of the difference
between an observed data and predicted value was performed accordingly. Model fitness adequacy
was assessed using Cox Snell residuals, where the residual test is used to compare the survival rate
between different groups of categories. After fitting the multivariate Cox proportional risk model (an
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indicator tool for survival analysis and measures the time until an event occurs), the graph of the
Nelson-Aalen cumulative hazard function and the cox Snell residuals variable were compared to the
hazard function to the diagonal line (Figure 6).

Assessment of PH Assumption
Predictor is HAIS among SAM

e e S e A SRR i ggnme e | .
P 5.\
g2 = \I]
] = '\"I
] = i
; —D_N— \
i 2 \:\
| EGJ \:.,H\
= e e
™4
7 T T T T T
0 40 60 a0
LOS in the Hospial
| HAs = Ves Hils = o |

Figure 6. The test for the Model goodness-of-fit and diagnostic validity cox Snell residuals (a) and Nelson-Aalen

cumulative test (b).

4. Discussion

The incidence rate of death among SAM was 0.04 per-person day (4.0 death/100 person days)
and 0.0656 per-person day (6.56 death/100 person days) among the NI group per day observation.
The recovery rate of the HAIs associated SAM is 70 (36.8%) and 175 (57.8%) of the non-HAIs
associated SAM. The recovery rate from HAIs linked with SAM was below and far from the recovery
rate of children with SAM who received therapy at the stabilization center and it is below the
minimum standard of WHO recommendation [31]. This could be due inclusion criteria that used
focusing HAIs specifically to SAM and poor management of addressing the national and WHO
guidelines. In addition, the recovery rate of SAM children in the study area is lower than in the
previous study conducted in Ethiopia [23-26,28,32,33]. In this study, marasmus (non-edematous) was
the predominant, which accommodates 90.3% parts and in which less than 50% of the children were
recovered compared to other types of SAM that in line with study in Bangladesh [34].

Concerning the children's nutritional status during discharge, we used child length/height and
weight collected retrospectively to determine weight-to-height Z score and BMI for-Age Z score. The
BMI was obtained by determining the ratio of child weight (in Kg) and length (in M?) as WHO child
growth standard for 2006. For the determination of nutritional status, children whose age between
36 and 59 months had still a risk of severe malnutrition according to the BAZ indices. Furthermore,
children between the ages of 0 and 5.9 months were at risk of severe malnutrition using both the BAZ
and the WHZ indices. The BAZ indicator of the children increased significantly as the age of the child
increased. Whereas, looking at the clinical discharge of the children at all stages, those who acquired
infections at hospital had lower WHZ significantly compared to the children who did not acquire
infections. In another way of reporting child WHZ according to their clinical discharge status, we
observed that children who transferred to different programs had a WHZ between 0.1 and 0.15, while
the WHZ of children who did not recover (died) was below -0.3.

Regarding the outcome of the treatment of these children, the recovery rate of the children in the
current study was 50%, which is below the minimum standard of the SPHERE project (the recovery
rate of > 75%) and other studies in Ethiopia [24,25,32]. Similarly, the incidence rate of death among
SAM was 0.04 per-person day (4.0 death/100 person days). However, EBF and completed vaccination
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are independent predictors of the survival of children with SAM (complete EBF and vaccination
reduced the risk of not being recovered). This study had shown a similar finding to the study
conducted in different part of Ethiopia and SSA [20,35,36] and which would be associated with the
strategies explained as the role of vaccination in protecting several diseases [25].

The majority of predictors of SAM recovery in the presence of HAIs having TB infection had a
high risk of low recovery than those who did not have TB infection. Regarding the implementation
of intravenous fluids, those who received 1V fluids are highly at risk of low recovery compared to
those children who did not receive IV fluids in this study. Marasmus (90.1%), the most prevalent
complications and cough (68.6%) and diarrhea (57.4%) were the two most prevalent symptoms
detected in children with SAM associated with HAIs, where it is the most frequently reported by
different scholars in Ethiopia [24,25,32], Zambia [37] and Kenya [38].

Looking for the type of edematous malnutrition, it is a predominant type of SAM in the current
study, which makes the result in line with the study conducted at Jimma University and other African
studies [25,26,33,39]. This result might indicate that there is a frequent and high intake of
carbohydrates and an insufficient intake of protein-rich foods.

Children who have severe acute malnutrition (SAM) and hospital-acquired infections (HAIs)
have a very poor survival rate. Malnourished children with HAIs had much worse recovery results
than malnourished children without HAIs. The data show a significantly reduced survival rate when
compared to regular WHO statistics, highlighting the urgent need for national focus on hospital-
acquired illness prevention and management. Children who received antibiotic (commonly:
Amoxicillin) during care were recovered far better than those who did not (Adjusted Hazard Ratio
[AHR]: 0.607, 95% CI: 0.445-0.82, P = 0.002). This emphasizes how crucial the right antibiotic
treatment is to be enhancing these children's likelihood of recovery. Additionally, vaccination played
a big part. During illness and hospital care, children who had completed their vaccination programs
showed a greater survival rate (AHR: 1.91, 95% CI: 1.16-3.13, P = 0.010). This suggests that children
who had received all of their recommended vaccinations had almost double the chance of recovering
from their illnesses.

In another way of the rate of recovery, the current study shows 2.93 per 100 (95% CI: 2.34, 3.68)
per person which is below the rate of recovery registered in different Ethiopian retrospective [25] and
longitudinal studies. This could be due to our studies that included the HAIs in the major way as
important variables in addition to other factors that contributed to the low recovery of HAI-
associated SAMs with the shortage of pediatricians in the health facility setting. Anemia, TB
infections, HAIs, and bottle feedings are the most common comorbidities seen and the main
contributors to the delay of recovery, which is consistent with different reports by scholars report in
Africa [24,25,32,38,40]

5. Strength and Limitation

The nature of the study design, which excludes the active data to use in additional research, is
the main weakness of the study. We were unable to pinpoint the precise date of discharge and the
kind of hospital-acquired infections in a few patient reports. Due to inadequate patient biographies,
missing CBC results, and missing entry date, we have eliminated 47 patient reports. The study sheds
important light on an issue with little previous research: how infections acquired in healthcare
facilities can impede the healing of critically malnourished infants.

One of our strengths is that, in contrast to other similar studies that have been published, we
attempted to include each child's CBC result, have multiple clinical nurses cross-check the data, and
appoint one supervisor from the child-nursing department. We paid particular attention to the SAM
associated to HAIs rather considering HAIs as a variable. Because only one hospital was used for the
study, the findings may not be as applicable to different contexts or geographical areas. The ability
to pinpoint certain bacteria causing recovery delays has been limited by the lack of comprehensive
microbiological data on the many forms of HAIs.
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6. Conclusion and Recommendation

The recovery rate from severe malnutrition among HAI was lower than the minimal standard
recovery of SAM according to the National and WHO recommendations, as well as lower than the
recovery rate of children with SAM undergoing care at the stabilization center. Stunting and
underweight outcomes are the focus of evidence-based treatments to prevent malnutrition, and may
not be entirely transferable to prevent wasting. Based on the inclusion criteria derived from hospital
registration cards, we enrolled 493 children with SAM for the current study. However, because
certain HIAs are resistant to antibiotics, they can be very difficult to treat.

The most common type of SAM reported was marasmus and edema, from which half of the
cases were recovered with therapeutic feeding management. The existence of HAIs is closely related
to children's recovery during treatment. On the contrary, the interquartile survival range is 6 days
and the median survival duration is 9 days. Among HAISs, the incidence rate of survival/recovery
was 0.0293 per-person day (2.93 death/100 person days). During daily observation, the incidence rate
of death for the SAM group was 0.04 per-person day (4.0 death/100 person days) and for the NIs
group it was 0.0656 per-person day (6.56 death/100 person days).

When it came to children with SAM linked to HAIs, the median recovery time was 17.0 + 1.2
days. The standard definition of pediatric malnutrition, which incorporates several indicators of poor
health outcomes in a malnourished child, is still not widely applied in clinical practice. Regardless of
their status with HAL children who did not live to follow-up were at risk of wasting compared to the
other group of children. Compared to children who did not receive this kind of care, those who were
exclusively breastfed had a higher probability of making a full recovery. Additionally, children who
received intravenous fluids and were not infected with tuberculosis (TB) were at increased risk of
suffering a slower recovery rate.

As a result, we suggested investigating more research on the impact of HAIs on the recovery of
malnutrition, particularly to SAM. It is challenging to pinpoint the precise causes of HAIs due to the
various intersecting variables linked to children's eating habits. Successful treatment is achieved by
the initial use of the correct antimicrobial agent in the most appropriate dose to optimize the
likelihood of clinical and bacteriological success and minimize drug-related toxicities. However, the
availability of waste management system and strategies to minimize environmental exposure is
believed to reduce HAIs in hospitalized patients and health care workers, and need critical attentions.

To determine the reasons generating the NIs using various control elements, the longitudinal
study will demonstrate a notable contribution. To put it another way, we strongly recommend
conducting an interventional trial to treat SAM with and without HAIs in a hospital setting.
Determining the most common type of HAI in a hospital setting also requires defining the various
types of HAISs.
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