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Abstract
To address the relative lack of information about infections occurring in children following allogeneic hematopoietic stem cell
transplants (allo-HSCT) in developing countries, we performed a retrospective cohort study of 139 children who underwent 150
allo-HSCTs in a hospital in Cali, Colombia. Most allo-HSCT (n=144, 96%) were followed by infections over the following year,
primarily due to bacteria (4.3 per 1000 patient-days) and CMV (3.3 per 1000 patient-days). Most infections occurred in the
first 30 days post HSTC. High mortality (n=44, 31.7%) was associated with infections, but has declined annually from 40% to
17% over the period covered (2012–2017).

Introduction
Children undergoing hematopoietic stem cell transplants (HSCT) suffer from profound immunosuppression
that varies in intensity and duration according to the post-transplant period.1 Rates of HSCT-related bacterial, viral and fungal infections have been well described in industrialized countries but this epidemiology
varies according to geographic, social and cultural determinants.2,3 There is a paucity of data in children
who develop HSCT-related infections in developing countries.
A detailed description of overall rates of different infections during the HSCT periods according to the type of
underlying disease, allows clinicians to narrow the differential diagnosis, apply targeted diagnostic strategies
and institute prompt therapies while practicing judicial use of antibiotics.
Herein, we describe the epidemiology of infections in a cohort of children receiving an allogeneic HSCT
(allo-HSCT) in a hospital in Cali, Colombia.
Methods
Study design and participants
This is a cohort study with retrospective collection of data of all pediatric patients who received at least
one allo-HSCT at Centro Médico Imbanaco in Cali, Colombia from January 1, 2012, the beginning of the
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transplant program, until March 30, 2018. We reviewed medical records from cell infusion (day 0) until day
+365 post-HSCT. The study was approved by the institutional review board.
Diagnostic and therapeutic strategies
Diagnoses and therapeutic strategies were performed according to physician´s preference, adhering to international guidelines.4,5 At least one set of blood cultures was performed when a systemic infection was
suspected. Laboratory equipment for blood cultures varied throughout the study period; most processing
used a BD Bactec 9050? (identification by MALDITOF, bioMerieux since 2014) and susceptibility testing
was done in a VITEK2? (bioMerieux).
For cytomegalovirus (CMV), preventative strategies with weekly serum polymerase chain reaction (PCR,
Cobas? system, Roche) were implemented throughout the first 100 post-transplant days, or until required
by clinical condition. Positive results triggered further treatment and evaluation.6 For adenovirus (AdV)
infection, a preventive strategy was started in 2014 that was performed while the patients were hospitalized
with weekly stool viral load assessment (Cobas? system, Roche).7 If more than 1,000,000 copies were detected
in stool, the blood viral load was measured and cidofovir was considered.8 From February, 2015 we performed
a preventive strategy for toxoplasma with bi-weekly blood PCR (Cobas? system, Roche) while the patients
were hospitalized.
Evaluation of respiratory infections was done by immunofluorescence until June 2017, after which the FilmArray? respiratory panel was used.
From January 2017, all patients had rectal screening in the pre-HSCT period for enterobacteriaceae producing
extended spectrum beta-lactamases or with reduced susceptibility to carbapenems with CHROMAgar? KPC
with identification by VITEK? MS, bioMerieux. Results of rectal screening were taken into consideration
when deciding empiric antibiotics.
Prophylaxis
Acyclovir, trimethoprim sulfamethoxazole and antifungal prophylaxis were given according to patient’s age
and risk factors.1,4,9
Definitions
Timing of infection after HSCT was divided into three periods, as described previously: 0–30, 31–100, and
101–365 days.1,4,10 We only include microbiologically-confirmed bacterial infections. Multidrug-resistant
(MDR) or extensively drug resistant (XDR) bacterial infections,11 fungal infections,12 CMV13 or AdV14
infections were defined according to internationally accepted criteria. Deaths were considered infectionrelated according to microbiologic reports and the working diagnosis in the transplant physician and infectious
disease consultation notes.
Results
Of 139 patients who received 150 allo-HSCT, 64% were male, mean age was 9.6 years (SD 4.9), 87 (63%)
were of mixed race, 28 (20%) were Colombian natives and 23 (18%) were afro-descendants. Main reasons for
the allo-HSCT were leukemia (n=83, 59%), aplastic anemia, (n=32, 21%) and hemoglobin disorders (n=21,
14%). There were 76 (49%) haploidentical transplants, 42 (28%) matched sibling donors and 32 (21%)
transplants from umbilical cord blood. An infection developed after 144 (96%) allo-HST cases during the
first year.
Rectal screenings were performed in 97 allo-HSCT. The positive and negative predictive values for the
bacteria that were screened were 10% (4–23%) and 91% (86–94%), respectively.
During the study period, the total exposure time for the 150 allo-HSCT was 43,994 patient-days (Table 1).
All infections, except respiratory infections, had higher incidence rates in the first period. Throughout the
study period, bacterial and CMV infections were the most common, especially during the first period.
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Overall mortality was 32%, with a higher frequency in the third period (Table 1). All deaths in the first
period were associated with infectious diseases, although the proportion of infection-related deaths decreased
in later periods (100%, 67% and 45%, respectively, p<0.001). Overall mortality decreased annually from
transplants performed in 2012 until 2017 (40%, 38%, 32%, 30%, 23%, 17%).
Except for invasive fungal infections, the rates of different infections, overall mortality and infection-related
mortality was similar in the different categories of underlying diseases (Table 2).
Discussion
In this series, 96% of children developed at least one infection during the first year of follow-up after HSCT.
During the first period, as previously reported,15 bacterial infections represented the highest risk for patients, probably related to disruption of innate immune barriers and profound neutropenia.1 MDR and XDR
bacterial infections were a significant burden for this cohort, especially during the first two periods, causing
71% and 77% of gram-negative infections, respectively. XDR bacteremia is a major threat during the first
two periods, as 20% and 56% of these infections resulted in fatal outcomes, respectively.
Similarly, there was a high incidence of viral infections, especially due to CMV, during the first two periods
although the rate of disease was stable throughout the study period. Adenovirus infections, although less
common than CMV, were a frequent cause of mortality highlighting the need for better therapeutic strategies.
We report a frequency of fungal infections similar to other pediatric reports15-17 albeit with higher ratio of
mold to yeast infections. Aspergillus infections need to be prevented and treated optimally, as 33% and 43%
of invasive aspergillosis during the second and third period had fatal outcomes.
The risk of infection varies with the underlying reason for the HSCT.18 However, we did not find the rate of
viral or bacterial infections to differ according to the underlying illness. Although there was an association
between the type of underlying illness and the rate of fungal infections, our objective was to describe the
frequency rather than to identify risk factors for different infections. Therefore, we did not control for other
variables (i.e. demographic factors, conditioning regimen), preventing us from reporting the independent
risk of infections according to type of underlying illness.
The main limitation of this report is its retrospective nature, limiting our ability to precisely assess the
different outcomes and relying on the accuracy of recordkeeping. In addition, our ability to accurately
diagnose some infections was lower in the early part of the study period, probably leading to an underestimate
of the true rate of some infections, especially those with viral etiology.
In conclusion, this data provides a better insight into the epidemiology of infections during the different
post-HSCT phases in children from developing countries and it highlights the high burden that infections
impose. Although overall mortality is high, trends in time are reassuring. However, key factors needed
to be implemented in order to reduce morbidity and mortality in this population such as strict antibiotic
stewardship strategies, better antiviral treatments (i.e. specific antiviral cytotoxic T lymphocyte therapy
with donor T-cells), robust immune monitoring and better prevention or treatment of GVHD resulting in
lower immunosuppression, among others.
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