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Abstract

Objective: To determine the feasibility of genetic identification in a group of newborns from a public 
hospital in Lima, Peru. Material and Method: Descriptive cross-sectional study, carried out by the 
National Registry of Identification and Civil Status of Peru, on live newborns and their mothers, from 
the Carlos Lanfranco La Hoz Hospital (Puente Piedra, Lima) during January. 2015. The samples were 
collected in FTA (Fast Technology for Analysis of nucleic acids) cards that allowed a direct analysis by 
PCR (Polymerase Chain Reaction) and capillary electrophoresis of 21 STR markers (Short Tandem 
Repeats), including the amelogenin marker for gender determination. Results: 44 mothers and 45 
newborns were included (there was a twin birth). The probability of maternity was higher than 99.9% 
in all cases. There were no difficulties in the sampling or in transporting  the material. The obtained 
biological material was enough to collect DNA to identify the newborn. Conclusions: The genetic 
identification procedure was possible to perform in this hospital. Stages of the process that could 
be improved were identified for the eventual application of this procedure on a larger scale in Peru.
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Introduction

Identification is an inherent right of the new-
born, recognized both in Peru1 and internationa-
lly2. Currently, footprints are used to identify the 
newborn, as well as fingerprints from eight months, 
however, these do not guarantee a reliable identifi-
cation3.

In Peru, despite the efforts to ensure the mother-
child relationship through the registration of the new-
born and the use of identification bracelets with iden-
tical numbers on the mother and child in the delivery 
room, cases of newborn identity violations caused by 
change mistakes, loss, break, alteration or neglect du-
ring the placement of these bracelets have been eviden-
ced.

In this sense, the described situation generates 
windows of vulnerability that can be used for child 
trafficking, commit identity frauds against the vulne-
rable group of newborns, against the Peruvian State 
and against Peru’s legal security.

DNA analysis for identification is frequently used 
worldwide in the field of criminalistics, forensics, and 
biological investigation of paternity4. However, it can 
also be used for civil identification purposes, as is the 
case in Kuwait5.

Based on the above, the Registry of Identification 
and Civil Status of Peru (RENIEC) presents this pilot 
study that aims to determine the feasibility of genetic 
identification to a group of newborns from a public 
hospital in Lima, Peru.

Material and Method

Design and study population
Descriptive cross-sectional study of a population 

of live newborns and their mothers of the Carlos 
Lanfranco La Hoz Hospital located in the Puente 
Piedra district, Lima, during January 2015. As it was 
a pilot study, the selection of participants was ca-
rried out using a non-probabilistic and convenien-
ce sampling and therefore 45 newborns (including 
twins) and 44 mothers were selected. The inclusion 
criteria of the participants were newborns of both 
sexes who had their Birth Certificate Registration 
and/or DNI (National Identity Document) registra-
tion for the first time at the hospital with both pa-
rents present and of legal age. The exclusion criteria 
were parents who did not want to participate and 
mothers who had a bone marrow transplant and/or 
received a blood transfusion in the last six months, 
events that could eventually generate genetic profi-
les of the donor.

Data collection tool
The RENIEC developed the Genetic Identification 

Management System in three main modules: i) Con-
sent Registry (signed informed consent); ii) Liability 
of biological samples delivery (chain of custody), and 
iii) Genetic Identification Registry; in addition to the 
registry of responsible persons.

Sample taking
A blood sample was obtained from the newborn 

through a heel stick, and in the case of the mother, two 
drops of blood were taken from her index finger. Both 
samples were obtained on separate FTA cards (inclu-
des barcode). FTA cards contain a chemically treated 
matrix that lyses a wide variety of tissues (e.g. blood, 
saliva, etc.). After the cells lysis, the released DNA 
binds to the card where the matrix protects the nucleic 
acids from harmful agents that could produce degra-
dation, thus reducing their degradation6.

Obtaining the genetic profile
The biological samples analysis was carried out 

by the Laboratory of Molecular Biology and Genetics 
(LABIMOG) of the Institute of Legal Medicine and 
Forensic Sciences of the Public Prosecutor’s Office. 
The genetic profile determination was made by di-
rect amplification of the genetic markers of non-co-
ding DNA of proteins with the GlobalFiler™ Express 
kit according to the manufacturer’s indications (Life 
Technologies), previously validated. The used kit in-
cluded 21 autosomal STR markers, one STR marker, 
and one InDel marker on the Y, and amelogenin (sex-
specific marker) chromosomes. Only 20 STR markers 
and amelogenin were used for the analysis (D8S1179, 
D21S11, D7S820, CSF1PO, D3S1358, TH01, D13S317, 
D16S539, D2S1338, D19S433, vWA, TPOX, D18S51, 
D5S818, FGA, D2S441, D22S1045, D10S1248, 
D1S1656, and D12S391) without including the STR 
marker and the InDel one on the Y chromosome.

The amplification of STR markers, known as Po-
lymerase Chain Reaction (PCR), was performed using 
the multiplex amplification technique, in which all 
markers were amplified simultaneously. PCR amplifi-
cation products were detected by the capillary electro-
phoresis with fluorescence detection technique in the 
Applied BiosystemsTM 3500 Genetic Analyzer.

Following capillary electrophoresis, the data were 
imported into the GeneMapper® ID-X v1.1 genetic 
classification software, where the genetic profile was 
observed. First, the sizes of the different DNA frag-
ments that make up the internal standard used in each 
sample were reviewed. Then, the allele assignment of 
the positive control whose genetic profile is previously 
known was reviewed. In addition, it was reviewed that 
the negative control and the blank one did not present 
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peaks in order to rule out contamination. The genetic 
profiles had to be corroborated with a standard refe-
rence marker, therefore, the sizes of the observed peaks 
(more than 50 RFU), quality, concentration, presence 
or absence of interferences, and possible null alleles 
were evaluated.

Finally, after successfully passing the quality con-
trol tests, and only in that case, the profiles were expor-
ted from the GeneMapper® ID-X v1 software. The fre-
quency of a given genetic profile was calculated using 
the Familias v3.1.97 software; in addition, a compari-
son was made between all the generated genetic pro-
files, and the maternity index was calculated using the 
Familias v3.1.97 software.

Hardy-weinberg equilibrium
For a population to be in the equilibrium of Har-

dy-Weinberg (H-W) must meet three conditions: that 
the population is large enough, that mating occurs by 
chance, and that there are no mutations, no genetic 
drift or natural selection. This predicts that the allelic 
frequencies of a population will remain in equilibrium 
across generations8. In order to assess that loci are in 
Hardy-Weinberg equilibrium, the expected hetero-
zygosity (EH) and the observed one (OH) according 
to Hardy-Weinberg equilibrium were compared using 
a 0.05 significance level with the Arlequin v3.5.2.2 soft-
ware in mothers and newborns. Hernandez and Trejo9 
define OH as “the relative frequency of heterozygous 
individuals observed in the sample for any of the loci” 
and the EH as “the probability that two alleles that were 
taken at random from the population are different”.

Registration and storage of the genetic profile
The generated genetic profiles are considered as 

sensitive personal information, so it is necessary to 
protect them. To this end, an alphanumeric represen-
tation of each was created and they were registered in 
two dissociated databases (DB): i) The genetic profile 
and the indicated alphanumeric representation were 
recorded in the DB of the laboratory, ii) The same 
alphanumeric representation was recorded in the DB 
of the RENIEC with all personal data such as name, 
date of birth, address, etc. In this way, the recorded in-
formation in each DB would not make it possible to 
identify a person; and only by court order could the 
two DBs be used together to obtain personal informa-
tion.

The laboratory database consisted of genetic pro-
files linked to 40-character alphanumeric codes. The 
40-character codes were a representation of the gene-
tic profiles, obtained the compressed and encrypted 
coding of the genetic information through the SHA 1 
(Secure Hash Algorithm) algorithm10. This algorithm 
had the characteristic of being irreversible (by 2015), 

that is, the genetic profile could not be obtained di-
rectly from the generated alphanumeric code.

In the RENIEC database there was the 40-character 
alphanumeric code linked to the personal data of new-
borns (DNI, names and surnames, date of birth, place 
of birth, mother’s data -DNI, names, and surnames- 
and father’s data -DNI, names, and surnames-), and 
the personal data of mothers (DNI, names and surna-
mes, date of birth, place of birth).

Identification authentication tests

Alphanumeric code authentication
A (1:1) verification was performed in order to co-

rroborate that the person is who he or she claims to 
be. For this purpose, the alphanumeric code was used 
where the personal data of the newborn and the perso-
nal data of the mother were appropriately linked. The 
alphanumeric code generated by the RENIEC was used 
and verified through the Genetic Identification Regis-
ter that the person was who he or she claimed to be.

Family relationship
For this pilot study, an allele comparison was made 

between the newborn and all mothers who participa-
ted in the study (comparison 1:n), since the newborn 
has obtained one allele from the mother and one alle-
le from the father, making this comparison with the 
used 20 STR type markers. They were calculated with 
the Likelihood Ratio (LR) and the maternity probabi-
lity (W) based on the Hispanic frequencies provided 
by the GlobalFiler by Life Technologies for Forensic or 
Paternity 2013 manual.

Likelihood Ratio (LR)
The LR is calculated using the quotient of two pro-

babilities (H1/H2), where H1 is the probability of ob-
taining the child’s genotype assuming that “X” is the 
mother and H2 is the probability of the child’s geno-
type assuming that his/her mother is any woman other 
than X (the mother assigned in the maternity)11. The 
software Familias v3.1.97 was used for this calculation.

Maternity Probability
Maternity probability was calculated by dividing 

the obtained value of the (LR) by (LR+1) since it is 
assumed that H1 and H2 prior probabilities are equal 
and the result was expressed as a percentage ((LR/
LR+1)*100)11.

Ethical considerations
The study was approved by the Ethics Committee 

of the Carlos Lanfranco La Hoz Hospital. Both parents 
previously signed an informed consent form, which 
was written following UNESCO recommendations12. 

Genetic identification of newborns - C. D. Neyra et al
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The genetic data were irreversibly dissociated from 
identifiable persons. In addition, the biological sam-
ple was accompanied by the chain of custody form, in 
which the individualization of all persons who had the 
biological sample in their charge was recorded. Finally, 
all biological samples were removed, thus guaranteeing 
the data confidentiality.

Results

A total of 89 individuals were included (44 mothers 
and 45 newborns, due to one of the mothers had twins, 
both male).

Allelic frequencies of mothers and children
The genetic marker allelic frequencies indicate the 

number of times an allele is observed in the popula-
tion regarding the total number of alleles of that mar-
ker and it is represented as a fraction or percentage. 
Among the analyzed genetic markers, it was observed 
that the most polymorphic loci (or genetic systems or 
genetic markers) had 11 alleles and the less polymor-
phic had five (Table 1).

Very frequent alleles were observed in the studied 
population of mothers and children for some gene-
tic markers such as allele 10 of the marker D2S441 
(67.00%), allele 15 of the marker D3S1358 (59.85%), 
allele 11 of the marker D5S818 (56.06%), allele 7 of the 
marker TH01 (54.27%), allele 8 of the marker TPOX 
(50.00%), allele 15 of the marker D22S1045 (46.97%), 
and allele 14 of the marker D10S1248 (43.18%). When 
comparing the most frequent allelic frequencies of the 
studied population with the Hispanic frequencies pro-
vided by the GlobalFiler manual, it is observed that the 
most frequent alleles of the markers coincide with tho-
se identified in this study with the exception of mar-
kers D12S391 (allele 18), D13S317 (allele 12), D16S539 
(allele 11), D18S51 (allele 17), D21S11 (allele 30), FGA 
(allele 24) (Table 2).

There are also rare or infrequent alleles in the stu-
dy population such as allele 9 of the marker D8S1179, 
allele 27 of the marker D21S11, allele 11 of the mar-
ker D3S1358, allele 8 of the marker TH01, allele 8 of 
the marker D16S539, allele 16 and 21 of the marker 
D2S1338, allele 8.2 and 12.2 of the marker D19S433, 
allele 19 and 20 of the marker vWA, allele 10 of the 
marker TPOX, allele 11 and 19 of the marker D18S51, 
allele 14 of the marker D5S818, allele 18 and 28 of the 
marker FGA, allele 11.3 and 13 of the marker D2S441, 
allele 13 and 14 of the marker D22S1045, allele 10 of 
the marker D10S1248, allele 15.3 and 18 of the marker 
D1S1656, allele 15 and 25 of the marker D12S391, and 
allele 15 and 25 of the marker D12S391. All the abo-
ve alleles are present in the 0.76% of the studied po-
pulation. When comparing the obtained results with 

the Hispanic frequencies provided by the GlobalFiler 
manual, it is observed that the less frequent alleles that 
coincide correspond to the markers D5S818 (allele 14), 
D8S1179 (allele 9), TH01 (allele 10) while the less fre-
quent alleles of the rest of the markers do not coincide 
(Table 2).

In addition, it should be mentioned that only alle-
les 8.2 of the marker D19S433, allele 11 of the marker 
D3S1358, allele 20.3 of the marker D12S391, and allele 
29.2 of the marker D21S11 appear in the studied popu-
lation (Table 2).

Hardy-weinberg equilibrium
All loci were found to have high heterozygosi-

ty (higher than 57% in newborns and mothers). In 
the case of newborns, the lowest value was 57% (loci 
D3S1358 and D5S818) and the highest value was 91% 
(D2S1338), while in the case of mothers, the lowest va-
lue was 57% (loci D3S1358 and D2S441) and the hig-
hest value was 87% (locus D18S51). The analyzed loci 
are in Hardy-Weinberg equilibrium (p-value> 0.05) 
considering Bonferroni correction by multiple compa-
risons13.

Maternity probability
The average probability found among 44 mothers 

and 45 newborns was 99.9990 + 0.0003, which was hig-
her than 99.9% in all cases (Table 3).

Discussion

This pilot study demonstrates that the genetic iden-
tification of newborns in a public hospital in Lima is 
feasible since the protocols and procedures were pro-
perly applied, which is verified by obtaining a probabi-
lity of motherhood higher than 99.9% in all cases and 
which was considered as a measure of quality assuran-
ce. According to Ma et al.14, obtaining a probability 
higher than 99.9% confirms the biological relationship 
between two individuals, which is in accordance with 
the obtained results.

A similar pilot study conducted at a hospital in 
Spain shows that genetic identification was feasible, 
using a quick and easy protocol and known materials 
to health professionals. A minimum blood amount was 
enough to obtain the DNA for the determinations15.

Another study carried out in Spain compared the 
identification method of fingerprints and genetic iden-
tification of the newborn, finding that no fingerprint 
taken from 30 newborns had value for identification, 
on the contrary, the obtained sample for genetic iden-
tification of the newborn was enough to perform mo-
lecular tests, making a proper identification of 30 chil-
dren included in the study16.
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Table 3. Values of Likelihood Ratio (LR) in the samples and 
probability of maternity a posteriori

Mother/son LR Percentage (%)

2 4691189.21 99.9999787

3 127294.3 99.9999980

4 43746.89 99.9977142

5 11168.58 99.9910471

6 282673.34 99.9996462

7 45313690.87 99.9999978

8 691778.6 99.9998554

9 1114833.63 99.9999103

10 204468.03 99.9995109

11 1162574990 99.9999999

12 73050.25 99.9986311

13 33077865.1 99.9999970

14 272534640.7 99.9999996

15 63479610.14 99.9999984

16 41314.4 99.9975796

17 52275.18 99.9980871

18 1007811.55 99.9999008

19 5883227.67 99.9999830

20 62292760.1 99.9999984

21* 4036084.19 99.9999752

22 405617.08 99.9997535

23* 4036084.19 99.9999752

24 249839.08 99.9995997

25 85635.09 99.9988323

26 23976075.98 99.9999958

27 192031.7 99.9994793

28 3323408.28 99.9999699

29 257853560.8 99.9999996

30 110493.54 99.9990950

31 32962.71 99.9969664

32 105591175.9 99.9999991

33 2204553.99 99.9999546

34 30280589.61 99.9999967

35 30731378.1 99.9999967

36 167075.47 99.9994015

37 210156.3 99.9995242

38 2763551.13 99.9999638

39 76646.65 99.9986953

40 75843647.6 99.9999987

41 6224.42 99.9839368

42 1619646.25 99.9999383

43 31952169.23 99.9999969

44 72685.3 99.9986242

45 1352441.92 99.9999261

*twins. Source: self made.

In this study, the sample was taken by health pro-
fessionals, the used methodology for blood sampling is 
well known by them, and they should only be trained 
in taking the blood sample in the FTA cards. Likewise, 
there were no difficulties in storing and transporting 
the sample, obtaining sufficient genetic material for 
processing.

Although no difficulties were observed in the heel 
blood collection from newborns, it should be noted 
that one study shows that the umbilical cord blood co-
llection could also be used for the genetic identification 
of the newborn, with the advantage of avoiding the 
traumatic effect on children and its possible compli-
cations such as infection. This evidence could be taken 
into consideration for future studies that expand on 
the found results17. In this study, the heel blood sample 
was used since the same sample taken during the neo-
natal screening was used, in which blood is collected to 
screen for the most frequent metabolic and hormonal 
diseases.

In Florida, USA, blood sampling on FTA cards is 
recommended for future determination of the genetic 
identification of the newborn in cases of doubt. The 
blood cards of the mother and child are given to the 
parents and it is recommended that they kept them in 
a safe place18.

In the same way, the Spanish Association of Pedia-
trics recommends the umbilical cord blood collection, 
always with maternal consent, for the sole purpose of 
checking the identification of the newborn in case of 
doubt. The recommended time that these cards can last 
with biological material is one to five years, although it 
is reported that they could be valid for genetic identifi-
cation for up to 15 years19.

The storage of the blood sample in FTA cards 
would be appropriate at first in Peru, in order to have 
the genetic material properly stored for later analysis 
in case of routine implementation of genetic identifi-
cation of the newborn, or in case of doubts about his/
her identification.

In terms of international experiences in relation to 
national databases of genetic information, we found 
that a national biometric registry based on DNA is al-
ready in use in Kuwait5. A population database with 
genetic information is also being implemented in the 
Emirate of Dubai, which will be used mainly for di-
sease prevention and treatment20. In China, there is a 
national DNA database which contains parental data 
on missing, trafficked, lost or homeless children. A re-
cent study based on this registry recommends the use 
of more than 18 genetic markers for the correct iden-
tification of parents and children21. In Peru, this is the 
first pilot study that evaluates the feasibility of this te-
chnology for identification purposes.

In this study, stages of the genetic identification 
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process were identified that could be improved for fu-
ture implementation of this technology on a larger sca-
le in Peru, such as automation for obtaining, analyzing, 
and encrypting genetic profiles. Sampling was easily 
applied by health personnel, however, the sample co-
llection and storage implies an additional activity in the 
newborn care by the nurse. In this study, the collection 
and storage of these cards with the child’s blood was 
carried out by RENIEC staff, hired specifically for this 
process. A strong institutional collaboration between 
the Ministry of Health (MINSA) and the RENIEC is 
therefore necessary in order to replicate this experience 
in other hospitals in Peru.

Within the limitations of this study is the small 
number of samples, and the application in a single 
hospital fully accessible from the city center. However, 
this hospital has the same logistical and administrative 
difficulties as other hospitals in Lima and the regions 
of Peru, which could give an idea of the feasibility of 
this technique in hospitals of the same or higher level. 
Another limitation is that many births at the national 
level take place in first-level care facilities (Health Cen-
ters), where the number of personnel and resources 
are much lower than in Hospitals, so the feasibility of 
taking samples and transporting them from remote 
communities to the institution that will carry out the 
genetic identification should be explored.

In conclusion, genetic identification was feasible to 
perform jointly between the RENIEC, a hospital and 
the laboratory (LABIMOG). The RENIEC properly 
managed the entire process including the consent re-
gistration, the liability of biological samples delivery, 
and the Genetic Identification registration. The sam-
pling protocol was easily applied by trained health per-
sonnel, the storage and delivery of biological material 
were carried out without difficulties to the institution 
where the genetic identification was determined. The 
LABIMOG properly processed the sample and obtai-
ned the genetic profile. Finally, all this is reflected in 
the maternity probability, which in all cases was higher 
than 99.9%.

These results could be useful for the possible imple-
mentation of this technique, in order to perform the 
clear identification of the newborn in case of suspicion 
or doubts regarding identification, however, it is ne-
cessary to conduct an study of assessment of this health 
technology (HTA) in the Peruvian context, as well as 
other pilot studies to recommend its implementation 
on a larger scale for identification by genetic profiles 
in natural persons to improve the identification pro-
cess of children, support the legal system, secure iden-
tification in case of human trafficking, collaborate in 
solving problems of paternity (when legally required), 
and support the forensic system.

Future studies should evaluate the feasibility of 
other types of biological sampling, because there may 
be cases in which blood sampling is not authorized 
in FTA cards, and the study of other technologies for 
obtaining genetic profiles, as well as include first-level 
care health facilities, from the Peruvian mountains and 
jungle, in order to assess the difficulties for the applica-
tion of this technique at the national level.
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