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CLINICAL TECHNIQUE

Oral 10% Dextrose was More Effective than Expressed Breast 
Milk for Pain Relief in Neonates Receiving Their First Dose 
of Hepatitis B Vaccination
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Ab s t r ac t
Background: Pain management is often overlooked in neonates undergoing minor procedures. Other than traditional analgesics, several non-
pharmacological methods, such as expressed breast milk (EBM) and oral sweet solutions like dextrose, have been tried, but the comparative 
efficacy remains debated.
Objective: To compare the analgesic effects of oral 10% dextrose vs EBM in neonates before they receive their first dose of hepatitis B vaccination.
Materials and methods: A single-center prospective observational study was conducted with 300 neonates randomly assigned into two groups 
of 150 each. Neonates received either 2 mL of EBM or 10% dextrose 2 minutes before vaccination. Pain was assessed using the Neonatal Infant 
Pain Scale (NIPS), duration of crying, and heart rate.
Results: Mean NIPS score was significantly lower in the 10% dextrose group (2.1 ± 1.9) compared to the EBM group (5.3 ± 2.7; p < 0.001). The 
cry time was also significantly lower in the dextrose group (14.67 ± 4.6 s) vs the EBM group (82.24 ± 26.57; p < 0.001). The groups did not differ 
in the changes in heart rate.
Conclusion: Oral 10% dextrose was more effective than EBM in reducing procedural pain in neonates before they received their first dose of 
hepatitis B vaccination.
Keywords: 10% dextrose, Expressed breast milk, Neonatal pain, Neonatal Infant Pain Scale, Non-pharmacological analgesia.
Newborn (2025): 10.5005/jp-journals-11002-0134

Ke y Po i n ts
•	 Pain management is often overlooked in neonates undergoing 

minor procedures.
•	 Several studies have examined the ef f icacy of non-

pharmacological methods such as expressed breast milk (EBM) 
and oral sweet solutions, but the results are still debated.

•	 In this study, the authors compared two groups of 150 infants 
each who received 10% dextrose or EBM before their first dose 
of hepatitis B vaccination. Pain was assessed using the NIPS, 
duration of crying, and heart rate.

•	 Oral 10% dextrose was more effective than EBM in reducing 
procedural pain.

In t r o d u c t i o n
In neonates, pain is not only an unpleasant sensory/emotional 
experience, but it might even cause neural tissue damage.1 Both 
premature and full-term infants have to undergo numerous 
painful procedures such as blood draws and vaccinations.2 Many 
pharmacological agents, such as opioids, non-steroidal medications, 
and topical analgesics, are used routinely, but the safety of these 
agents is uncertain. Hence, several non-pharmacologic strategies 
have been evaluated for prevention/relief of pain, such as feeding 
small doses of 10–25% sucrose/dextrose applied on pacifiers or 
spoons, breastfeeding, non-nutritive sucking, kangaroo maternal 
care, limiting environmental stimuli, swaddling, or positioning 
with a facilitated tuck where the arms and legs are held in a flexed 
position. These measures, used singly or in combination, seem to 

be effective in late preterm and term neonates in reducing pain-
associated responses.3

Sweet-tasting solutions such as sucrose and concentrated 
dextrose can prevent pain in neonates by stimulating the release 
of endogenous opioids and activating µ receptors.4 However, the 
efficacy of repeated administration is uncertain.5 We are particularly 
interested in dextrose solutions as these are readily available in 
hospitals. Concentrated solutions such as 25% dextrose may be 
effective, but concerns remain about the possibility of fluctuations 
in serum glucose levels, especially in preterm infants. Other sweet-
tasting solutions, such as fructose, have also been evaluated but 
need more studies.6

In this quality-improvement (QI) study, we compared oral 10% 
dextrose (D10W) solutions for their analgesic effects with those of 
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EBM in newborn infants receiving their first hepatitis B vaccination.7 
We used the Neonatal Infant Pain Scale (NIPS), a behavioral–
physiological assessment tool for evaluating pain; there are six 
indicators on a 0–7 scale: facial expression, cry, breathing patterns, 
arms, legs, and state of arousal: each is scored on a 0–1 scale, except 
“cry” which is scored 0–2. A total score >3 is accepted as indicating 
pain.8 We also compared the changes in heart rate and the duration 
of the cry. Details are provided in the Materials and Methods section.

Mat e r ia  l s a n d Me t h o d s
We conducted a prospective observational study at Jawaharlal 
Nehru Hospital & Research Centre in Bhilai, India, after due approval 
by the Institutional Review Board. All infants who visited the clinical 
center for their first Hepatitis B immunization were enrolled after a 
written, informed parental consent.9–12 The study was conducted 
over 2 years.

The study included continuously evaluated, healthy, exclusively 
breastfed infants born at ≥37 weeks’ gestation with a birth 
weight ≥2 kg, who were receiving their first dose of the Hepatitis 
B vaccine.13 Preterm or neonates weighing <2 kg, or those with 
respiratory distress, congenital anomalies, neurological deficits, or 
requiring sedatives, were excluded. We selected 300 neonates and 
randomized them into a 1:1 ratio into two equal intervention groups 
(150 infants) from a random number table.14 A pre-structured 
proforma was completed for each neonate, which included the 
mother’s name, the infant’s birth weight, gestational age, gender, 
and notable clinical findings.15,16 We filled sterile droppers with 
approximately 2 mL (up to a marked line) of EBM or 10% dextrose 
(D10W) and administered one orally per randomization, 2 min 
before taking the infant to the immunization room for vaccination. 
All infants were held in the classical holding position during the 
injection.17 The injection site on the anterolateral aspect of the right 
thigh was cleaned using an alcohol-dipped cotton swab, followed 
by an intramuscular administration of 0.5 mL of the vaccine. The 
outcome variables included the duration of cry from the time of 
insertion of the needle, heart rate, and the NIPS score.8,18–20

The severity of behavioral/physiological pain responses to 
procedures was classified using the NIPS score.21,22 These scores 
range between 0 and 7, with three subcategories: Mild (0–2), 
moderate (3–4), and severe pain (5–7). 

The duration of cry was timed from the time of skin puncture 
until cessation of cry. Heart rate was recorded at 60 and 120 seconds 
after skin puncture.

Statistical Analysis
The subjects were randomized using the software program SPSS 
Statistics for Windows, version 26.0.23 Continuous variables were 
presented as mean ± standard deviation (SD), and were summarized 
as mean ± SD. Data was checked for normality; normally distributed 
continuous variables were compared using the unpaired t-test or 
analysis of variance, whereas non-parametric data were analyzed 
using the Mann-Whitney U or Kruskal–Wallis tests.24–27 Categorical 
variables were presented as absolute numbers and percentages, 
and the subgroups were compared using either the Chi-squared 
test or Fisher’s exact test. For all data, p-values < 0.05 were chosen 
as significant.28–30

Re s u lts
In our cohort, the birth weight (grams) was 2828 ± 472.3 grams. 
Most (229, 76.3%) weighted >2.5 kgs, 71 (23.7%) weighted <2.5 kgs. 
One 159 (53%) were males and 141 (47%) were females. More than 
half (191, 63.7%) were delivered by cesarean delivery, and 109 
(36.3%) were delivered by normal vaginal delivery. The clinical 
details of the two groups treated with D10W or EBM, and those of 
the entire cohort, are summarized in Table 1.

Table 2 shows the distribution of infants by NIPS assessment 
of the severity of pain. Out of 159 male neonates, 41.5% had mild 
pain, and out of 141 female neonates, 44.8% had mild pain, and the 
difference was not significant (p-value = 0.314). In our 203 neonates 
with a birth weight of 2–3 kg, 42.4% had mild pain and 35.5% had 

Parameter Finding Points
Facial expression Relaxed

Grimace
0
1

Cry No cry
Whimper
Vigorous cry

0
1
2

Breathing patterns Relaxed 
Change in breathing

0
1

Arms Restrained 
Relaxed
Flexed
Extended

0
0
1
1

Legs Restrained 
Relaxed
Flexed
Extended

0
0
1
1

State of arousal Sleeping
Awake
Fussy

0
0
1

Table 1: Demographics

Parameters

Pain-relieving strategy

Total p-value10% Dextrose EBM

Gender
Male
Female

 
  82 (54.7%)
   68 (45.3%)

   77 (51.3%)
   73 (48.7%)

159 (53%)
141 (47%)

0.563

Weight (kg)
<2.5 kgs
>2.5 kgs
Total
Mean 
weight (gm)

   33 (25.3%)
  117 (74.7%)
150 (100%)

2818.7 ± 458.3

38 (22%)
112 (78%)
150 (100%)

2831 ± 450.2

   71 (23.7%)
 229 (76.3%)
300 (100%)

2828 ± 472.3

0.497

Mode of 
delivery

NVD
LSCS
Total

54 (36%)
96 (64%)

150 (100%)

   55 (36.7%)
   95 (63.3%)
150 (100%)

  109 (36.3%)
  191 (63.7%)
300 (100%)

0.904

Table 2: Distribution of NIPS scores after using specific pain-relieving 
strategies

Pain score

Pain-relieving strategy

Total p-value10% dextrose EBM

Mild pain   91 (60.7%) 38 (25.3%) 129 (43%) <0.001

Moderate pain   37 (24.7%) 63 (42%) 100 (33.3%)

Severe pain   22 (14.6%) 49 (32.7%) 71 (23.7%)

Total 150 (100%) 150 (100%) 300 (100%)
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moderate pain. In the subgroup of 95 neonates with a birth weight 
of 3–4 kg, 45.3% had mild pain and 28.4% had moderate pain, but 
this difference was not significant (p = 0.527).

The details of the NIPS assessment are shown in Table 3. After 
giving D10W, the NIPS scores were 2.1 ±  1.9, which were lower 
than those given by EBM (5.3 ± 2.7; p < 0.001). The cry time was 
also significantly lower in those who received D10W (14.67 ± 4.6 s) 
than in the EBM group (82.24 ± 26.57; p < 0.001). The heart rate 
was not different in the two groups at 60 seconds (149 ±  18.5 
vs 148.4  ±  18.9, p  =  0.555) and 120 seconds (131.6  ±  16.8 vs 
132.8 ± 17.8, p = 0.886).

Di s c u s s i o n
We found D10W as more effective than EBM in pain prevention/
relief in infants receiving their first dose of Hepatitis B vaccine. These 
findings are important because the neonatal brain is highly plastic 
and is developing rapidly.31 Pain experiences during this critical 
period can influence the formation of neural circuits involved in 
pain processing and emotional regulation.32 Even though neonates 
might differ from adults in their perception of pain, they clearly 
demonstrate physiological and emotional responses to painful 
stimuli. These responses can include crying, facial grimacing, 
and changes in body posture. Research suggests that neonates 
can form implicit memories of painful experiences, which may 
influence their future pain responses and emotional development. 
This underscores the importance of minimizing painful procedures 
and providing adequate pain relief when necessary.33 Repeated 
or prolonged exposure to pain during the neonatal period can 
alter the normal trajectory of brain development, both in terms 

of its structure and function.34,35 Neonatal pain experiences have 
been associated with altered pain sensitivity later in life, as well as 
potential impacts on cognitive function, attention, and behavior. 
These effects can persist into childhood and even adolescence.36 
Under-treated painful stimuli in newborns can lead to long-term 
changes in the stress response system, potentially affecting how 
individuals cope with stress and regulate emotions throughout 
their lives.37

This study demonstrates that D10W is more effective than EBM 
in reducing pain and cry duration during hepatitis B vaccination in 
neonates, as evidenced by lower NIPS scores and shorter cry times. 
Our findings are similar to those of Shanthi et al.,38 who compared 
10% dextrose with EBM for relief in procedural pain in an RCT in 
newborn infants. They used a revised premature infant pain profile 
(PIPP) score (PIPP-R; range 0–21, including contextual (gestational 
age, behavioral state), physiological (change in heart rate, change 
in SpO2), and facial indicators (brow bulge, eye squeeze, nasolabial 
furrow).39 Each of these was scored 0–3; PIPP-R < 6 was classified 
as minimal, 7–12 as moderate, and >12 as severe pain. In this study, 
the PIPP‑R (mean ± standard deviation) was 7.19 ± 2 at initiation, 
5.5 ± 1.5 at 30 seconds, and 4.28 ± 1.65 at 60 seconds. In comparison, 
infants treated with 10% dextrose solution had a significantly lower 
PIPP‑R of 4.97 ± 1.42 at initiation, 2.36 ± 1.44 at 30 seconds, and 
1.69 ± 1.53 at 60 seconds (p < 0.05).

In contrast to our findings, Dasari et al.40 found EBM to be 
more efficacious than D10W in reducing procedural pain in their 
double-blinded RCT. They compared 30 infants in the 10% dextrose 
group and 30 receiving EBM, using the NIPS scale. Infants in the 
EBM group showed a NIPS score of 4 ± 0.7 at 30 seconds, which 
was significantly lower than 6 ±  1.2 in the 10% dextrose group, 
which was statistically significant. The duration of cry in the EBM 
group (44.53 ±  28.63 seconds) was lower than that of the 10% 
dextrose group (52.46 ± 43.58), which was not significantly different. 
Subgroup analysis showed a significant difference between NIPS 
scores (p < 0.001) across the timelines in each group. There was a 
significant change in heart rate across the timelines in each group 
(p < 0.001). They concluded that both D10W and EBM are efficacious 
in reducing pain in neonates, but there was no need to choose one 
over the other.

Similar to our results that D10W is efficacious in pain relief, 
25% dextrose has also been shown to be beneficial. We were less 
enthusiastic about 25% dextrose because of the fear of altering 
blood glucose levels, and also because we do not routinely store 
25% dextrose in our neonatal unit. Jha et al.41 showed that 25% 
dextrose reduced pain as compared to EBM/sterile water. They 
compared the groups in a randomized placebo-controlled study 
using the PIPP score: infants treated with 25% dextrose group 
showed significantly lower scores than those who received EBM or 
sterile water (2.94 ± 1.41 vs 7.42 ± 1.69 and 10.56 ± 1.69; p < 0.001). 
The maximal heart rate was also significantly lower in the 25% 
dextrose group, but no difference was found between the EBM and 
sterile water groups (p = 0.23). SpO2 was significantly higher in the 
25% dextrose group, but for only the initial 2.5 minutes. Cry times 
were significantly lower in the intervention groups. There was no 
difference in outcomes in term vs preterm infants. They concluded 
that the use of the 2 mL 25% dextrose group was more effective in 
reducing procedural pain from venipuncture compared to the 5 mL 
EBM. The return of physiological markers (maximal heart rate and 
SpO2) to baseline was faster and more complete in the 25% dextrose 
group. The lack of significant heart rate differences suggests that 

Table 3: Neonatal Infant Pain Scale assessment after using specific 
pain-relieving strategies

Pain assessment 
components

Pain-relieving strategy

Total p-value10% dextrose EBM

Facial expression
Grimace
Relaxed

40 (26.7%)
110 (73.3%)

114 (76%)
36 (24%)

154 (51.3%)
146 (48.7%)

<0.001

Cry
No cry
Vigorous cry
Whimper

100 (66.7%)
21 (14%)
29 (19.3%)

30 (20%)
74 (49.3%)
46 (30.7%)

130 (43.3%)
95 (31.7%)
75 (25%)

<0.001

Breathing patterns
Change in 
breathing
Relaxed

48 (32%)

102 (68%)

120 (80%)

30 (20%)

168 (56%)

132 (44%)

<0.001

Arms 
Flexed/extended
Relaxed/restrained

41 (27.3%)
109 (72.7%)

116 (77.3%)
34 (22.7%)

157 (52.3%)
143 (47.7%)

<0.001

Legs 
Flexed/extended
Relaxed/restrained

64 (42.7%)
86 (57.3%)

123 (82%)
27 (18%)

187 (62.3%)
113 (37.7%)

<0.001

State of arousal
Fussy
Sleeping/awake

58 (38.7%)
92 (61.3%)

121 (80.7%)
29 (19.3%)

179 (59.7%)
121 (40.3%)

<0.001

Total 150 (100%) 150 (100%) 300 (100%)
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both interventions similarly stabilize physiological responses.42 
The  behavioral indicators in the NIPS scale provided robust 
evidence of the adequacy of D10W for activation of the endogenous 
opioid system.2 Others have reported similar results, and there is 
some support from a systematic review and meta-analysis.43–46 
The Cochrane neonatal group has focused on using dextrose gel 
for the management of hypoglycemia, but their research does not 
suggest that it is potentially useful for pain management.46 Hence, 
there is a need for more studies.

Co n c lu s i o n
Our data show that oral 10% dextrose was more effective than EBM 
in reducing procedural pain in neonates before they received their 
first dose of hepatitis B vaccination. D10W-treated infants showed 
a relaxed facial expression, shorter cry, better breathing patterns, 
and a relaxed posture. Most were sleeping or awake. Our study 
does have limitations, such as its focus on term neonates and the 
single-center design, but we are still comfortable in stating that 
oral D10W deserves further study for its analgesic effects following 
painful procedures.  
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Ab s t r ac t
Introduction: Congenital tuberculosis is a rare but serious form of tuberculosis that occurs due to intra- or perinatal transmission of Mycobacterium 
tuberculosis (M. tuberculosis) from an infected mother to the fetus/infant. We present cases of three premature infants treated at our unit. 
Clinical features: 
�Case 1: A significantly ill mother delivered a female infant at 27 weeks, who tested negative in her initial screening for tuberculosis. However, she 
deteriorated on postnatal day 40, and the gastric aspirates showed acid-fast bacilli (AFB). There was a good clinical response to antituberculosis 
treatment.
�Cases 2 and 3: Our second and third patients were dichorionic-diamniotic twins born at 26+5 weeks’ gestation.
�Twin 2 was on minimal respiratory support until postnatal day 37, when he worsened despite antibiotic therapy; the cultures remained negative. 
Gastric aspirates for AFB were positive. Once the diagnosis of TB was confirmed in this twin, gastric aspirate samples from twin 1 were tested 
for AFB but showed inconclusive results. The infant developed progressively worsening respiratory distress on postnatal day 50; he showed a 
good clinical response to empiric antituberculosis treatment.
Conclusion: Congenital tuberculosis can present with a myriad of signs/symptoms that are often nonspecific. There can be important hints in 
maternal history and clinical deterioration despite conventional antibiotics. These infants then need to be evaluated specifically for mycobacterial 
infections.
Keywords: Congenital tuberculosis, Neonatal tuberculosis, Perinatal tuberculosis, Preterm, Neonatal intensive care unit.
Newborn (2025): 10.5005/jp-journals-11002-0133

In t r o d u c t i o n
Tuberculosis infections remain a serious health burden, with more 
than 10.8 million cases reported worldwide in 2023.1 Of these, 
around 67% are reported from about 10 countries in Southeast 
Asia and Africa. Children less than 14 years old account for 12% 
of these cases.1 Tuberculosis in the neonatal age-group remains 
largely underdiagnosed and underreported, with fewer than 500 
reported cases worldwide.2

The authors present three cases managed at a tertiary-level 
neonatal intensive care unit (NICU) in the United Arab Emirates 
(UAE). The manuscript has been approved by the institutional 
review board.

Ca s e 1 (Ta b l e 1)
A 27-week gestation, 830 gm, female infant born by cesarean 
section to an unwell mother, who was later diagnosed as having 
disseminated tuberculosis. The infant’s acid-fast bacilli (AFB) 
staining, culture and polymerase chain reaction were negative on 
the fifth day.3,4 The infant remained clinically well until postnatal 
day 40, when she developed worsening apnea and respiratory 
distress (Fig. 1). A sepsis work-up was done, and she was started 
on antibiotics in view of respiratory support. Her clinical condition 
continued to deteriorate with worsening inflammatory markers 
despite negative cultures and a respiratory viral panel. A repeat 
gastric aspirate sample turned out to be positive for AFB staining. 
A blood interferon-gamma release assay test was also positive.5 
First-line antituberculosis (AT) therapy was initiated, and there was 
clinical and laboratory improvement by the end of the first week of 

treatment. She was discharged on antituberculosis treatment at 43 
weeks’ post-menstrual age (PMA).

Ca s e s 2 a n d 3 (Ta b l e 1)
Our second and third patients were dichorionic-diamniotic twins. 
They were born to a mother who underwent treatment for primary 
infertility and was asymptomatic; she had presented with preterm 
labor at 26+5 weeks.

Twin 2
Initial course in NICU was unremarkable. He was on minimal 
respiratory support until day 37 of life when he developed 
worsening respiratory distress and required escalation of respiratory 
support (Fig. 2). A sepsis work-up for late-onset infections was 
done, and antibiotics were started. However, she continued to 
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show clinical deterioration with worsening inflammatory markers. 
Cultures and the respiratory viral panel remained negative. At this 
point, the diagnosis of TB was considered. The gastric aspirates were 
positive for AFB in smear and culture. First-line antituberculosis 
treatment was started, and there was clinical and laboratory 
improvement by 14 days. He was discharged on AT treatment at 
41 weeks PMA.

Twin 1
The infant was asymptomatic but was evaluated for tuberculosis 
when his twin was diagnosed to have congenital tuberculosis. 
Gastric aspirate samples were sent for screening of AFB, one of which 
was reported inconclusive; there were 1-2 AFB/300 fields. However, 
by postnatal day 50, he began to show signs of worsening respiratory 
distress and similar radiological signs as his sibling (Fig. 3). His blood 

Interferon gamma release assay was intermediate-positive. He was 
started on antituberculosis treatment, and showed dramatic clinical 
improvement in a week. He was also discharged on antituberculosis 
drugs at 41 weeks’ PMA. 

All three reported infants were isolated after the confirmation 
of their diagnosis. Other infants admitted to the NICU at that time 
were screened and again 3 months later with a tuberculin skin 
test and a chest X-ray; all tested negative. All exposed healthcare 
providers were evaluated clinically and screened by skin tests and 
did not show signs of infection.

Di s c u s s i o n
In this article, we report three premature infants with congenital 
tuberculosis with pulmonary manifestations. This is a rare but 

Table 1: Clinical and laboratory profile of the premature infants
Clinical details Case 1 Case 2 Case 3
Gestational age (weeks)   27 26+5 26+5 
Weight (gms) 830 1,020 1,040
Maternal history 33 years, primigravidae, African, 

no antenatal care, presented 
with breathlessness, abdominal 
pain, and swelling over the 
feet; diagnosed as pulmonary 
tuberculosis on the fifth day 
of admission. Delivered by CS. 
Placental histopathology not 
done. Mother died on the fourth 
day of admission

36 years, primigravidae, African, In vitro fertilization, dichorionic 
diamniotic twins, no general symptoms. Delivered by CS due to fetal 
distress. Placental histopathology was not done. 
Subsequently screened and diagnosed as having pulmonary 
tuberculosis, after diagnosis of the twins. She received treatment for 
the same

Onset of symptoms (days)   40     37     50
Total white blood cell count 
(109/L)

16.45 13.59 29.5

Absolute neutrophil count 
(109/L)

  5.72   7.59   16.01

Platelet count (109/L) 298   291     229
Serial C-reactive protein (mg/L) 46, 59, 72, 28, 10 35, 65, 98, 126, 10 <0.6, 66, <0.6

Gastric aspirate—Acid-fast 
bacilli smear

Positive Positive Inconclusive: 1–2 AFB/300 fields

Gastric aspirate— 
Mycobacteria culture

Negative Positive Negative

Tuberculosis polymerase chain 
reaction

Negative Negative Negative

Quantiferon TB gold test Positive Not done Intermediate
Cerebrospinal fluid analysis Normal Normal Normal
Chest X-ray Bilateral granular opacities. Left 

> right
Bilateral granular opacities Bilateral granular opacities with 

cystic changes
Computerized tomography 
chest

Left lower lobe—cavity with 
consolidation
Right upper lobe—fibrotic 
changes and consolidation

Not done Not done

Treatment Isoniazid, rifampicin, 
pyrazinamide, ethambutol for 
2 months, followed by isoniazid 
and rifampicin for 7 months. No 
steroids

Isoniazid, rifampicin, 
pyrazinamide, ethambutol for 
2 months, followed by isoniazid 
and rifampicin for 7 months. No 
steroids

Isoniazid, rifampicin, 
pyrazinamide, ethambutol for 
2 months, followed by isoniazid 
and rifampicin for 7 months. No 
steroids

Outcome Discharged. No adverse effects 
of the antituberculosis treatment 
were noted

Discharged. No adverse effects 
of the antituberculosis treatment 
were noted

Discharged. No adverse effects 
of the antituberculosis treatment 
were noted
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serious form of tuberculosis that occurs due to intra- or perinatal 
transmission of Mycobacterium tuberculosis (M. tuberculosis). 
Neonatal TB can be conventionally differentiated into perinatal and 
congenital TB. In congenital TB, there is intrauterine transmission 
through the umbilical vein or by aspiration/ingestion of 
contaminated amniotic fluid in the intrauterine period.3–5 Cantwell’s 
criteria are conventionally used to differentiate between congenital 
and perinatal TB. Cantwell’s criteria include a proven tuberculosis 
lesion in the infant and one of the following criteria: (a) Lesions in 
the first week of life; (b) Primary hepatic complex/caseating hepatic 

granuloma; (c) TB infection of the placenta/maternal genital tract; 
(d) Exclusion of TB in contacts.6 In perinatal TB, M. tuberculosis is 
spread to the neonate by ingestion/inhalation of droplets, or by 
direct contact with the infected genital tract. The source can be 
the mother or any other infected person in the peripartum period.3 
In all three cases, TB lesions in infants were proven, but liver and 
placental/urogenital biopsy were not done. The infants presented 
later than 1 week. Post/perinatal transmission cannot be ruled out 
definitively. Failure to differentiate into perinatal or congenital TB 
has no diagnostic or therapeutic implications.

Maternal tuberculosis can often remain undiagnosed or 
be asymptomatic, and hence, congenital tuberculosis is often 
overlooked during the neonatal period.7 Pregnancy can be an 
immunocompromised situation and is associated with TB. World 
Health Organization recommends routine testing for TB during 
pregnancy in areas with an incidence >100/1,00,000 by a screening 
questionnaire—(a) cough lasting >2 weeks, or (b) cough of any 
duration/hemoptysis/weight loss/fever, night sweats, or a shielded 
chest X-ray.8,9 Rampant use of in vitro fertilization with improper 
initial workup has also been associated with an increase in the 
incidence of neonatal tuberculosis.10 As happened in our cases, 
the diagnosis of the mother is mostly established after the infant 
is diagnosed.8 Tuberculosis in pregnancy can increase the risk of 
adverse outcomes like prematurity, low birth weight, birth asphyxia, 
and perinatal death.11

The incidence of tuberculosis in the UAE has been low. In 2,000, 
the rates were reported as 4.2 per 1,00,000, and these declined to 
around 0.75–0.80 per 1,00,000 in the 2014–2017 period.12 In 2023, 
data from the World Bank approximated the rates around 0.8 cases 
per 1,00,000 population.1 These low rates may be rooted in strong 
public health strategies with surveillance, screening, diagnostic 
programs, and newborn BCG vaccination. Around 85% of the total 
population of the UAE is expatriates, and many have immigrated 
from countries with a high incidence of tuberculosis.13 Considering 
this unique socio-demographic profile, there is a need for physicians 
to be vigilant.

Fig. 1: Chest X-ray of case 1 showing bilateral granular opacities, more 
on the left

Fig. 2: Chest X-ray of case 2 showing bilateral granular opacities

Fig. 3: Chest X-ray of case 3 showing bilateral granular opacities with 
cystic changes
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In congenital tuberculosis, infants typically manifest with 
clinical features within the first few weeks of life, although some 
severely afflicted cases may manifest earlier.14 Patients may 
present with fever, respiratory distress, lethargy, poor feeding, 
hepatosplenomegaly, abdominal distension, or failure to thrive. 
Some may develop meningitis, disseminated tuberculosis, 
respiratory failure, shock, disseminated intravascular coagulation, 
or multiorgan failure.11 Most of these symptoms overlap with 
conditions like sepsis-bacterial/viral/fungal or chronic lung 
disease.15 The authors suggest maintaining a high index of 
suspicion in cases not responding to conventional treatment, where 
there is progressive clinical deterioration, elevated inflammatory 
markers, and in infants of mothers belonging to countries with 
a high incidence of tuberculosis.14 The diagnosis of pre-/peri-
natal tuberculosis is established by demonstrating acid-fast M. 
tuberculosis in specimens such as gastric aspirates, liver or lymph 
node biopsies, and cerebrospinal fluid.16 However, these tests are 
operator-dependent and can have a long turnaround time, even up 
to 6 weeks. Information about maternal disease, with placental or 
genital tract involvement, can raise the index of suspicion.17 Blood 
interferon gamma release assay and Tuberculin skin test work 
on similar principles, but sensitivity and specificity in neonates 
remain low.5,8 Tuberculosis polymerase chain reaction is a useful 
diagnostic tool which, like culture, can also provide information on 
drug susceptibility.18 More invasive procedures like ascitic/pleural 
fluid tapping, lymph-node biopsy, and liver biopsy are done only if 
other investigations identify a focus.19 Chest X-ray may show some 
abnormality in some patients, but the findings are non-specific and 
can overlap with those of chronic lung disease in premature infants.4 

The first-line management of neonates with tuberculosis 
involves using a multidrug regimen comprised of specific drugs 
such as rifampicin, isoniazid, pyrazinamide, and ethambutol 
(RIPE).20 Second-line drugs are reserved for special situations.21 
The treatment is typically continued for 6–12 months.5,8 Early 
recognition is critical, as congenital tuberculosis can be lethal 
without prompt intervention.22 Multi- or extensively-drug-resistant 
M. tuberculosis bacilli have not been seen frequently in neonates 
so far, but neonatal TB continues to have a high morbidity and 
mortality.23 Poor prognosticators include neonates who present 
<21 days of age, have intracranial lesions, leukopenia, and chest 
X-ray suggesting a miliary pattern.23

Co n c lu s i o n
Congenital tuberculosis remains rare and underdiagnosed. A high 
index of suspicion is necessary to establish the diagnosis. Timely 
diagnosis and treatment can improve outcomes.
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Ab s t r ac t
Transgenerational epigenetic inheritance is the transmission of epigenetic modifications and markers from one generation to at least two 
subsequent generations of offspring without altering the primary structure of DNA. It differs from intergenerational transmission of epigenetic 
marks due to continued exposure of gametes or embryos to environmental factors. The best-studied epigenetic marks include DNA methylation, 
histone modifications, non-coding RNAs, and chromatin structural changes. Records from the Överkalix cohort in northern Sweden and the 
Dutch Hunger Winter have provided multigenerational demographic and health data with strong evidence for intergenerational epigenetic 
effects. In rodent studies, endocrine disruptors, pesticides, and nutritional deficiencies associate ancestral exposures to altered metabolism, 
fertility, and disease risk in unexposed descendants across generations. Transgenerational epigenetics is a rapidly evolving field that challenges 
traditional views of inheritance by suggesting that environmentally induced epigenetic information can persist beyond direct exposure and 
influence phenotypes across generations. However, even though there is compelling evidence from animal models for germline transmission 
of epigenetic marks, human clinical data are still limited and are often confounded by intergenerational effects and environmental continuity.
Keywords: Across indirect epigenetics (AIE), Agouti viable yellow (Avy/a) mouse,  Bisphenol A (BPA), Chemical tags, Direct epigenetics, DNA 
methylation, Dutch Hunger Winter study, Epigenetics, Gene expression, Heritable, Infant, Inherited, Intergenerational inheritance, Metabolic 
reprogramming, Metastable epialleles, Molar or top down epigenetics, Molecular or bottom-up epigenetics, Neonate, Newborn, Paramutation, 
Polymorphisms, Polyphenisms, Post-translational modification, Post-translational modifications, RNA silencing, Soft inheritance, Transgenerational 
epigenetic variation, Transgenerational inheritance, Vinclozolin, Within indirect epigenetics (WIE).
Newborn (2025): 10.5005/jp-journals-11002-0137

Ke y Po i n ts
•	 Transgenerational epigenetics refers to germline-mediated 

transmission of epigenetic marks across generations in 
the absence of continued exposure, distinguishing it from 
intergenerational effects due to direct exposure of gametes or 
embryos.

•	 Soft inheritance is the inheritance of acquired characteristics 
or environmentally induced traits without changes in the DNA 
sequence, whereas hard inheritance refers to Mendelian, DNA-
based genetic inheritance.

•	 Germline-dependent epigenetic modifications are stably trans-
mitted through the germline (spermatozoa or oocyte) to the 
next generation. Context-dependent epigenetic modifications 
are induced by environmental or physiological factors and are 
generally reset during germline formation or early embryo- 
genesis.

•	 Persistence of epigenetic information involves incomplete 
erasure during germline reprogramming, epigenetic 
re-establishment guided by small RNAs, or chromatin-based 
memory, enabling stable propagation of altered states.

•	 Understanding the molecular stability, environmental triggers, 
and health consequences of transgenerational epigenetic 
inheritance may reshape our understanding of disease etiology, 
evolution, and preventive public health strategies.

In t r o d u c t i o n 
Transgenerational epigenetic inheritance is the transmission of 
epigenetic markers and modifications from one generation to at 
least two subsequent generations of offspring without altering the 
primary structure of DNA. 
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History of Epigenetics 
Preformationism vs Epigenesis 
In the 16th–17th century, investigators were divided by their beliefs 
of preformationism vs epigenesis. Preformationists, including 
August Weissman, believed that the eggs contained all genes 
to determine the future phenotype. In a well-known study, he 
amputated the tails of several generations of mice; the inference 
was the “Weismann barrier”, in which genetic information is 
transmitted to progeny by germline cells and not somatic cells. 

Epigenesis was a concept first introduced by Jean-Baptiste 
Lamarck and Charles Darwin, who suggested that morphological 
traits reflect the interaction of the genetic constituents of the zygote 
with the environment.1 Lamarck initially postulated that species 
could inherit acquired traits favorable to their survival, which was 
later dismissed after Darwin’s theory of descent with modification. 
The word “epigenetics” was coined by Conrad Waddington; this was 
a new branch of biology focused on causal interactions between 
genes and their products, which “bring the phenotype into being.”2 
The classical definition of epigenetics was proposed later, as “the 
study of mitotically and/or meiotically heritable changes in gene 
function that cannot be explained by changes in DNA sequence.”3 
DNA methylation and chromatin modifications of histone tails 
can lead to condensation of chromatin with “repressive” states, or 
increased accessibility and “permissive” states.3

Soft Inheritance 
Soft inheritance is a term used to describe the inheritance of acquired 
characteristics or environmentally induced traits, without changes 
in the DNA sequence.4 Ernst Mayr (1904–2005) first proposed the 
term “soft inheritance.” It contrasts with “hard inheritance,” which 
refers to Mendelian, DNA-based genetic inheritance. 

Soft inheritance is viewed by evolutionary biologists as an 
adaptive process that can be advantageous to the individual or 
species. These epigenetic changes could be relatively stable and 
perpetuate gene expression, possibly adding a survival benefit in 
the continuously changing environment. Adaptive parental effects 
are one example of soft inheritance. The gradual loss/resetting of 
these epigenetic marks over generations can dilute these beneficial 
changes. 

The internal environment, even in utero, interacts with 
the external environment with both immediate and life-long 
consequences. Epigenetic reactions/consequences often get 
amplified through higher levels of biological organization with 
readily notable functional differences, phenotypic changes, and 
responses to the environment.5

Molecular vs Molar Epigenetics
One way to study epigenetics is in a reductionist, molecular view 
of altered gene expression. It focuses on transcriptional and 
translational control. The other, the so-called molar epigenetics, 
centers on evolution and adaptive significance. This approach 
emphasizes the individual’s interactions with its biotic and physical 
environment over time (Table 1 and Fig. 1).1

Individuals are influenced by environmentally induced 
epigenetic modifications beginning early, before/after birth. 
These early changes are important because of the plasticity of 
molecular epigenetic processes during these periods. The time of 
maximal neuronal plasticity is in the earliest stages of development, 
beginning in utero; the endocrine and environmental stimuli can 
induce importance during these periods.6

Saltation 
Étienne Geoffroy Saint-Hilaire first endorsed a theory of saltational 
evolution.7 Goldschmidt called deleterious macromutations 
“monsters” and believed that macroevolution proceeds by 
natural selection instead of the culmination of small changes 
within populations. Such macromutations can intercede with 
epigenetic processes and affect the causal processes in biological 
development.8 Saltational evolution pertains to natural selection 
and adaptive evolution rather than small genetic mutations. 
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Table 1: Molecular vs molar epigenetics

Aspect Molecular epigenetics Molar epigenetics
Level Cellular/gene Whole organism/behavioral
Focus Mechanistic regulation Environmental and 

developmental effects
Methods Molecular biology, 

sequencing
Behavioral studies, 
epidemiology

Timescale Immediate/short-term Developmental/lifespan
Goal Explain how marks 

control genes
Explain how the 
environment shapes the 
phenotype

Ecosystem ↔ Society ↔ Population ↔ 
Behavior ↔ Molar epigenetics/top-down 

epigenetics

Internal 
environment:

in utero
Internal milieu

Epigenetic 
changes

Genes ↔ Cells ↔ Tissues ↔ Organs ↔ 
Molecular epigenetics/bottom-up 

epigenetics

External
environment

Drugs
Diet

Infections

Fig. 1: Contribution of internal and external environment on epigenetic 
changes shown in a radian Venn diagram. There are two major 
considerations in viewing epigenetics, molar and molecular
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Epigenetic Memory
Heritable traits carry a potential to be passed to the subsequent 
generations; the term encompasses genetic or epigenetic, context 
dependent or mitotic epigenetic modifications. 

Inherited traits have already been transmitted. This description 
is usually reserved for classic,  genetic mechanisms originating 
in germline epigenetic modifications. In meiotic or germline-
dependent epigenetic modifications, the epigenetic imprint has 
become integrated in the germline, is independent of exposure 
to the original causative agent, and is therefore transmitted to 

successive generations.9–12 Table 2 illustrates frequently used 
definitions in transgenerational epigenetics. 

During development, DNA methylation patterns of most genes 
are first erased, and then re-established during embryogenesis. 
Specific methylation patterns of heritable epi-alleles are maintained 
in the individual and are also passed through to subsequent 
generations; these might be differentially expressed in male and 
female gametes.13 Environmental exposures often induce transient 
changes in somatic cells that are seen for the duration of exposure. 
In germline cells, these changes might persist even after the cells are 

Table 2: Definitions 

Canalization Developmental process proposed by Waddington by which the cell, tissue, organ, or organism initially 
is subject to internal and external forces but, through time, is less subject to influences from these 
forces, ultimately leading to reduced variability in naturally occurring species. 

Context-dependent epigenetic 
modification 

Epigenetic modification caused by experiences during sensitive periods of life (prenatal, early 
postnatal, adolescence) that modify the biological system but that are not intrinsically heritable in 
the absence of continued exposure. Such experiences can include passive or active exposures and 
have long-lasting effects on the individual’s subsequent life history. These modifications can be 
perpetuated across generations due to the persistence of the causal environmental factor, such that 
each generation is exposed to the same conditions.

Endocrine-disrupting chemical 
(EDC) 

Anthropogenic chemical(s) that interfere(s) with any aspect of hormone action. 

Epialleles A group of otherwise identical genes that differ in the degree of methylation and produce novel 
phenotypes that are heritable across generations.

Epigenetics Epigenetics as a field of study refers to the analysis of changes that can occur on chromatin and DNA 
that are heritable and do not affect the primary DNA sequence.

Epigenome The epigenome is the collection of all of the epigenetic marks on the DNA in a single cell.14

Epigenomics Epigenomics refers to the analysis of epigenetic changes across the whole genome in a cell or entire 
organism.14,15 In a multi-cellular organism, each cell type will be characterized by the same genome, 
along with as many epigenomes as there are distinct cell types.

Epigenotype A term coined by Waddington to suggest a process by which a cell may differentiate as a consequence 
of changes in the internal and external environments; a potential for change that is heritable and the 
basic genetic program of that cell. Refers to a stable pattern of gene expression that is outside the 
actual base pair sequence of DNA.1 

Epiphenotype A concept developed by E.O. Wiley as a means to evaluate the total or essential characters of an 
individual at any point in time in its life history.1 

Epigenetic modification An epigenetic modification (epigenetic change, epigenetic mark) is a chemical alteration to DNA 
or chromatin that does not affect the primary DNA sequence. They refer to chromatin and DNA 
modifications that influence genome function but do not change the underlying DNA sequence.

Epigenetic effects Changes in the phenotype and/or specific traits that result from the environmental modification of the 
molecular factors and processes around DNA that regulate genome activity, yet are independent of 
the DNA sequence.

Epigenetic regulation Epigenetic regulation refers to the regulation of gene expression by epigenetic modifications.

Epigenetic epidemiology Epigenetic epidemiology is a field of study that seeks to evaluate the effects of epigenetic changes in 
populations of individuals, such as cohorts of people who were exposed to conditions that might alter 
epigenetic regulation (famines, toxins, and shifts in dietary intake).

Epistasis Traits that depend upon more than one gene, each interacting with one another.

Genetic assimilation A concept attributed to Waddington in which phenotypes that are environmentally malleable become 
genetically fixed and no longer require the original environmental stimulus in order to be manifested. 

Germline-dependent epigenetic 
modification

Epigenetic modification arising from exposure to an environmental cue during germline development. 
By being incorporated into the germline, the effect is manifested each generation, even in the absence 
of continued exposure to the causative agent. 

Homeorhesis Stability of the process of development. 

Homeostasis Stability of a final steady state.

(Contd...)
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Table 2: (Contd...)

Heritable An epigenetic mark or phenotype has the capacity to be transmitted through the germline across 
multiple generations. It emphasizes potential transmissibility.

Inherited An epigenetic mark or phenotype is actually observed in descendants who were never directly 
exposed to the original stimulus. It reflects the demonstrated transmission of the epigenetic 
information across generations.

Soft inheritance The generation of a new phenotype is less rigidly determined and shows a more rapid response to the 
environment.4

Hard inheritance Essentially Mendelian; hereditary material remains constant between generations (except for rare 
random mutations).4

Intergenerational inheritance Transmission of biological effects (such as epigenetic changes, environmental exposures, or stress 
effects) from parents (F0) directly to their children (F1).

Transgenerational inheritance Transmission of biological effects to subsequent generations (F2, F3, etc.) that were never directly 
exposed to the original environmental factor.

Transgenerational
epigenetic effects

Phenotypes present in successive generations that are not genetically determined.

Transgenerational
Epigenetic inheritance or 
gametic epigenetic
inheritance

A phenotype present in successive generations that is nongenetically determined and results from 
epigenetic modifications passed via the gametes that escape reprogramming.

Molecular or bottom-up epigenetics Molecular epigenetics revolves around gene expression alterations and molecular levels of analysis. 
The object of study in molecular epigenetics is transcriptional and translational control.1

Molar or top-down epigenetics Molar epigenetics centers on evolution and adaptive significance as perceived by psychobiology and 
evolutionary biology. The object of study in molar epigenetics is the individual’s interactions with its 
biotic and physical environment through time.1

Polymorphisms Genetically based differences in a population, where two or more distinct forms (morphs) exist at the 
same genetic locus. Each form is controlled by different alleles (DNA variants). These differences are 
heritable and do not change in response to the environment. 

Polyphenisms Environmentally induced alternative phenotypes from the same genotype and are epigenetic 
in origin. Different environments switch on different developmental pathways, creating discrete 
phenotypes without DNA sequence differences. 

Metastable epialleles Genetically identical alleles that are variably expressed due to epigenetic factors in genetically 
identical individuals. They refer to alleles at which the epigenetic state can switch, creating different 
phenotypes, and where the establishment is a probabilistic event.

Epimutation Heritable epigenetic changes usually cause an observable phenotype.  They refer to abnormal 
epigenetic patterns that can occur in response to a DNA
mutation, but the term is generally used in cases without an underlying DNA
sequence change.

Paramutation Horizontal transmission of a heritable epigenetic state from one allele of a locus to the other. It refers 
to an interaction between the two alleles of a locus, resulting in a heritable epigenetic change of one 
allele induced by the other allele.

Parental effects Effects on the phenotype of offspring that are not determined by the offspring’s own genotype but by 
the genotype or environmental experience of its parents.

Position-effect
variegation 

Variegation is caused by the inactivation of a gene in some, but not all, cells of the same cell type 
through its abnormal juxtaposition with heterochromatin.

no longer exposed. Table 3 lists the differences between germline-
dependent vs context-dependent epigenetic modifications.

Intergenerational Inheritance 
Intergenerational effects are observed when exposure of an 
individual (F0) can directly affect their offspring (F1) and the F1 germ 
cells in the fetus (F2). These do not necessarily indicate epigenetic 
inheritance because the germline was directly exposed (Fig. 2).

Transgenerational Inheritance 
Transgenerational inheritance refers to the persistence of an effect 
beyond generations that were directly exposed. In mammals, the 
evidence for transgenerational evidence includes:16 (a) Maternal 
exposure during pregnancy induces phenotypic/epigenetic 
changes in the third generation (in F3; F0 pregnant → F1 fetus + 
F2 germ cells); or (b) For paternal or non-pregnant maternal 
exposure, the evidence is the detection of phenotype in F2 (F0 → F1 
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Table 3: Germline-dependent vs context-dependent epigenetic modifications

Feature Germline-dependent epigenetic modifications Context-dependent epigenetic modifications

Definition Epigenetic marks that are stably transmitted through the 
germline (sperm or oocyte) to the next generation.

Epigenetic marks that are induced by environmental 
or physiological context and are generally reset during 
germline formation or early embryogenesis.

Inheritance Transgenerational inheritance is possible—passed to 
offspring even if they are not directly exposed to the 
original stimulus.

Not inherited beyond the individual or at most the directly 
exposed offspring (F1).

Mechanism Survive epigenetic reprogramming that usually erases DNA 
methylation and histone marks during gametogenesis and 
early embryogenesis.

Established somatically in response to specific contexts 
(nutrition, stress, toxins) and are usually erased in the 
germline.

Examples Genomic imprinting (e.g. IGF2 methylation) Dutch Hunger Winter study

Intergenerational effect

Exposure
Transgenerational effect

F0
F1 F2

F3

F3 = First generation
proving germline transmission

in maternal-line exposures

Fig. 2: Schematic showing intergenerational vs transgenerational 
inheritance 

directly exposed via gamete). Broadly, transgenerational changes 
show inheritance of the same epimutation and changes in gene 
expression across generations. 

The most frequent molecular mechanisms underlying 
epigenetic changes beginning as early as the embryonic/fetal 
period include (Figs 3 and 4):17

•	 DNA methylation at CpG sites; these can sometimes escape 
genome-wide reprogramming, such as imprinting of control 
regions and metastable epialleles (MEs). MEs are stable genomic 
regions established stochastically in genetically identical 
individuals during early development with varying DNA 
methylation and maintained throughout life; these can produce 
stable epigenetic and phenotypic differences;

•	 Specific chemical modifications in histones;
•	 Small RNAs (tRNA fragments, miRNAs, piRNAs);
•	 Altered chromatin structure and transposable elements;
•	 Extracellular vesicles that can modify RNA cargo.

DNA methylation patterns are most frequently erased and reset 
either in the early embryo or in developing germ cells at the 
time of gonadal sex determination. These changes likely remove 
most epigenetic constraints to pluripotency in embryonic stem 
cells. One well-studied exception to this is the imprinting of 
genes, which retain their epigenetic DNA methylation pattern 

in a parent-of-origin allelic manner. Table 4 illustrates the most 
frequently seen mechanisms of epigenetic signal transmission.

Metabolites Affect Epigenetic Memory
Metabolites are required by many chromatin-modifying 
proteins. For instance, DNA methyltransferases and histone 
methyltransferases utilize S-adenosyl methionine (SAM) to add 
a methyl group to DNA or histone tails.18 DNA demethylases 
such as ten-eleven translocases (TET) are regulated by fumarate, 
succinate, and α-ketogluterate.19 Lysine demethylases are regulated 
by flavin adenine dinucleotide in the removal of methyl groups 
from histones. Histone acetyltransferases require acetyl-CoA 
for the addition of acetyl groups to histones.20 Sirtuins interact 
with nicotinamide adenine dinucleotide (NADH) to promote 
deacetylation by histone deacetylases. ATP is required for serine/
threonine kinase (ATM) phosphorylation of histones.

Possible Evidence of Epigenetic Memory seen in 
Human Studies
The Överkalix Cohort in Northern Sweden 
These historical records of harvests and famines have provided 
multigenerational demographic and health data. Food availability 
and environmental conditions experienced by parents/grandparents 
during critical growth periods may possibly influence the health of 

Germline 
epigenetic 
mutation

Retention of 
specific histone 

modifications Chromatin 
structural 

memory/nuclear 
architecture

Small noncoding 
RNA-mediated 

inheritance
Altered 

chromatin 
states

Epididymal/extracellular 
vesicles can modify sperm 

RNA cargo before 
fertilization

DNA methylation 
maintained at 
imprinted loci

Fig. 3: Mechanisms proposed for transgenerational epigenetic 
inheritance shown in a hexagon radial diagram 
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their descendants. Nutritional stress or abundance during the “slow 
growth period” prior to puberty in one generation could alter the 
risk of cardiovascular disease, diabetes, and premature mortality in 
grandchildren. These findings provided some of the earliest human 
evidence for transgenerational epigenetic inheritance, suggesting 
that environmental exposures can leave biological imprints that 
extend beyond the directly exposed generation. 

The Dutch Hunger Winter
A severe famine struck the German-occupied western Netherlands 
in 1944–1945, when a Nazi blockade cut off food supplies to 
millions of people. Caloric intake dropped to 400–800 calories 
per day, leading to widespread starvation, cold-related deaths, 
and long-term health consequences for survivors. The Dutch 
Hunger Winter studied in 2010 has shown that food restriction 

in utero had an influence on the metabolism and cardiovascular 
health of the offspring and resulted in an age-associated decline 
of cognitive functions.21 Some babies had normal birth weights 
but later developed higher rates of obesity. The results show that 
there is a critical window during development, during which a 
starvation diet influences the subsequent health of the offspring. 
The methylation status of many genes and gene expression were 
altered.22 Studies showed that prenatal exposure to malnutrition 
increased the risk of obesity, diabetes, cardiovascular disease, and 
mental health disorders later in life. There was evidence of altered 
DNA methylation at the IGF2 gene. This tragic event provided 
important information about the Developmental Origins of Health 
and Disease (DOHaD) concept. The Dutch Hunger Winter study is 
often cited as an intergenerational, not truly transgenerational 
inheritance study (an additional generation needs to be tested). 

Mechanisms of epigenetic changes

miRNAs

siRNAs

Genomic imprinting 
Chromosome inactivation

Chromatin
remodelling

Nucleosome
positioningDNA methylation Non coding RNAs Post-translational modification

of histone proteins

Acetylation

Citrullination

Crotonylation

Ubiquitination

SUMOylation (addition of a Small
Ubiquitin-like Modifier, SUMO)

Glycosylation

Hydroxylation

Phosphorylation

ADP-ribosylation

Sulfation

Fig. 4: Summary of major epigenetic changes shown in an organizational chart

Table 4: Toxicants associated with transgenerational epigenetic effects

Toxicant Observed effects Generations affected

Vinclozolin (fungicide) Male infertility, sperm defects F3 (in rats)

Bisphenol A (BPA) Behavioral and metabolic changes F3

Dioxins (TCDD) Reproductive disorders, cancers F3

Phthalates Obesity, reproductive issues F3

Pesticides (e.g. DDT) Puberty onset changes, obesity risk F3
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It did show that the nutritional environmental effect can affect an 
embryo and its germline. To summarize:

•	 The famine-exposed fetuses (F1) showed lasting epigenetic 
changes, such as IGF2 hypomethylation, and increased risk of 
metabolic disease in adulthood.

•	 Some subtle effects have been noted in their children (F2), 
but these are likely due to indirect developmental or maternal 
effects (the exposed fetus also carried its primordial germ cells 
that became F2), not confirmed stable epigenetic inheritance.

•	 No robust evidence shows these marks persisting to the F3 
generation (true transgenerational inheritance) when only the 
F0 mother was exposed.

Poor maternal health can compromise pregnancy, leading to 
insulin resistance, high blood pressure, or increased glucocorticoids 
during pregnancy. These phenotypic changes can also be seen in 
the child later in life. These data suggest that some phenotypes 
inherited down the female line do not involve gametic epigenetic 
inheritance.4

Aging
Metabolic diseases can alter aging.23 Epigenetic alterations such as 
DNA methylation profiles can also act as an “epigenetic clock.”24,25 
These modifications can be accelerated or slowed by high-fat diets 
and caloric restriction, respectively.25–27 

Toxicants 
Upon exposure to a toxicant in a pregnant female (F0), her 
own somatic, fetal (F1), and fetal germ cells (which will become 
F2) are affected. Toxicants can alter DNA methylation, histone 
modifications, and ncRNA expression. These changes can silence/
activate genes without altering the DNA sequence. Germline 
epigenetic changes that do not get erased during embryogenesis 
may be inherited by F3 and subsequent unexposed generations 
in maternal exposures, and F2 and beyond in paternal exposures.

Vinclozolin, a fungicide and an androgen-blocker, is a well-
studied toxicant that induces transgenerational effects.28–37 

Bisphenol A (BPA) and Diethylstilbesterol (DES) are other toxins 
having transgenerational effects.38–41

Parental nutritional state at the time of pregnancy can also have 
lasting effects on immediate offspring and future descendants. 

The synthetic estrogen Diethylstilbestrol (DES) was historically 
widely used to prevent potential miscarriages. Women exposed 
to DES before birth were later shown to have an increased risk of 
vaginal adenocarcinoma. Animal experiments showed increased 
tumor risk in the F2. Table 5 illustrates the common toxicants 
inducing transgenerational effects. 

Transgenerational Epivariation
Transgenerational epivariation (TE) refers to heritable changes in 
epigenetic marks such as DNA methylation, histone modifications, 

or ncRNAs that are passed down through multiple generations 
without changes in the underlying DNA sequence.42 Unlike standard 
genetic mutations, which alter the DNA code, epivariations alter 
gene expression patterns and can be reset or maintained across 
generations.

Animal Models of Epigenetic Memory 
Transgenerational Epigenetics in Animal Models
•	 Agouti viable yellow mouse: Coat-color and metabolic 

phenotypes correlate with methylation at a ME; methyl donors in 
maternal diet can change offspring methylation and phenotype.

•	 Vinclozolin-treated rats: Fertility and endocrine effects can 
possibly persist to F3. 

•	 Dietary exposures and stress in rodents: Paternal high-fat diet, 
low-protein diet, and/or stress can alter offspring metabolism, 
behavior, or gene expression via sperm small RNAs; some studies 
show effects across multiple generations;

•	 Post-fertilization transfer of viruses or toxins, possibly through 
the placenta or milk. Some examples may be seen in the 
occurrence of a gray mouse phenotype caused by a virus in 
milk, transplacental ethanol transfer, and undernutrition during 
pregnancy.

•	 Dam-pup behavioral interactions can perpetuate a phenotype. 
In rats, reduced maternal care induces a stressed phenotype 
in offspring; those pups become poor mothers later on in 
adulthood, thereby perpetuating the stressed phenotype.

Designing Transgenerational Animal Studies
A change in the F0 maternal environment, including exposure 
to chemical(s) that may disrupt endocrine axes, altered diet, or 
other stressors, can impact the developing F1 offspring(s) and 
primordial germ cells for the F2 generation. These extrinsic factors 
change during pregnancy and can directly affect the F0 through 
F2 generations.43 Subsequently, studies illustrating definitive 
transgenerational effects in F3 and F4 generations can also be 
carried out.44

In the case of toxicant and other extrinsic exposures during 
gestation, the mother (F0), her growing fetus (F1), and the germ cells 
of fetuses that will give rise to the F2 generation are simultaneously 
exposed. Any effects observed in the F1 and F2 generations may be 
direct rather than transgenerational and context-dependent. If the 
in utero exposure alters the parenting behaviors of the F1 animals, 
the cognitive and developmental trajectories of their pups may be 
affected. These offsprings may then exhibit poor parenting, thereby 
creating a vicious cycle. Here, epigenetics alters phenotypes and 
the progression of behaviors.45,46

Other Factors that Might Affect Outcomes across Generations 
Most transgenerational effects have been ascribed to transmission 
through male/female gametes.47 Germline transgenerational 
effects may also be ascribed to external factors such as nutrients 

Table 5: Mechanisms of epigenetic signal transmission

Replicative transmission The signal is transmitted through meiosis in a similar manner to its mitotic maintenance.

Reconstructive transmission The primary epigenetic signals are erased but faithfully reconstructed in the progeny based on a 
secondary signal.

Paramutation A process by which epigenetic information is transmitted horizontally between alleles in trans. After 
this initial step, paramutated “epialleles” are then transmitted vertically between generations by other 
TEI mechanisms.
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within/around the germ cells and reproductive tract, parental care 
provided to the various generations, and the cultural environment 
in which the offsprings are raised.48

Naturally-occurring Epigenetic/Transgenerational Animal 
Models 
There are two distinct inherited loci where methylation pattern are 
associated with well-defined phenotypes. These have been seen 
in the agouti viable yellow (Avy) and axin fused (AxinFu) mice.49–55 
These animals are readily identifiable with a distinct external visual 
indicator, the color of the coat in agouti viable yellow (Avy) mice 
and that of the tail in AxinFu. 

The Avy mice are a well-defined model of epigenetic transmission 
in mammals, particularly of the metabolic syndrome.49–55 Yellow 
fur reflects decreased LTR methylation of the A gene, resulting in 
its constitutive expression throughout the hair cycle, and also in 
other organs such as the brain, pancreas, adipose tissue, and liver 
that do not typically express this allele.49,50 These mice manifest 
maturity-onset obesity and diabetes; the risk is related to the degree 
of cytosine methylation of a CpG island in the 5′ long terminal 
repeats (LTRs).51,52 Hypermethylation in this region results in a 
pseudoagouti (brown) phenotype; there is an inactive intracisternal 
A-particle promoter. 

Maternal diet can influence the coat color and metabolic 
disease of progeny in Avy/a mice.49,50,56 Several nutrients in the 
maternal diet promote epigenetic modifications of genes encoding 
crucial metabolic enzymes and hormones.57–59

Mouse agouti signaling protein (ASIP) is a 131-amino acid 
paracrine signaling molecule secreted during the mid-phase of the 
hair follicle cycle.60 Its binding to the melanocortin receptor, MC1R, 
prevents alpha-MSH signaling, thereby downregulating synthesis 
of brown/black (eumelanin) pigments and increasing synthesis of 
yellow/ red (pheomelanin) pigment, resulting in production of a 
series of yellow bands on each hair. The escape of expression of 
ASIP in tissues other than the hair follicle, including the pancreas 
and adipose tissue in Avy/a mice, provides a good animal model 
for human metabolic disorders. In humans, ASIP is expressed in 
the highest amounts in the adipose tissue and in the pancreas, 
where it regulates various genes, including signal transducer and 
activator of transcription (STAT)1, STAT3, Peroxisome proliferator-
activated receptor gamma (PPARG), and fatty acid synthase (FAS), 
which increase insulin release from pancreatic cells.61–63 The mRNA 
levels of the A gene in adipose tissue are also higher in subjects 
with type 2 diabetes, and its protein product, ASIP, is correlated 
with obesity.61–65 

In Avy mice, an epigenetic methylation mark located in a cryptic 
promoter region can be transmitted across generations.66 Yellow-
coat females on a typical chow-based (non-methyl-supplemented 
or methyl-deficient) diet tend to birth more yellow-coat offspring 
than their genetically identical brown-coat siblings. This maternal 
germline transmission extends through the F2 generation. A 
yellow-coat grandmother is more likely to have yellow-coat than 
brown-coat grand-offspring.66 No paternal germline effects have 
been observed on coat color in these mice, suggesting that the DNA 
methylation marks on the Avy allele are maintained when passed 
through the oocyte but not the spermatozoa.66

Metastable Epialleles
Metastable epialleles can be variably expressed through epigenetic 
modifications in individuals with identical genetic composition.67 The 

Avy mouse is an important animal model with paired phenotypes of 
metabolic dysfunction and coat color resulting from MEs.68

Paramutations
Paramutations, a transgenerational pattern of epigenetic 
inheritance, were first noted in plants. A trait appears dominant 
in an initial cross, but when the resulting offspring that would 
be expected to be genetically heterozygous (Aa), these would 
behave as AA in subsequent crosses. The dominant allele appears 
to convert the recessive allele into a dominant one in trans.69 In 
maize pigmentation, a dominant paramutant B_ allele (exhibiting 
transcriptional repression of the B transcription factor) converts its 
paramutable B-I homolog in trans to form a new paramutant B_allele 
(designated B_∗).69

Direct and Indirect Epigenetics
Direct Epigenetics 
Direct epigenetic changes are seen during an individual’s entire 
lifespan.70 Some, such as the effects of methylation and ncRNAs, 
are perceived as a link between ontogenetic and phylogenetic 
development.70 These changes also provide short-term regulation 
of gene expression by immediate-early genes such as c-fos (named 
after Finkel–Biskis–Jinkins murine osteogenic sarcoma virus), c-jun 
(cellular gene named after viral sarcoma virus oncoprotein v-Jun), 
EGR1  (early growth response 1), and CREB (named after DNA-
binding transcriptional regulator CREB), critical regulators that can 
trigger adaptive transcriptional/signaling cascades.

Indirect Epigenetics
Indirect epigenetic (IE) responses occur due to the interaction 
between an individual and the environment. There are two IE 
processes: (a) within (WIE); and (b) across (AIE):12,71 

Within indirect epigenetics begins during developmental 
changes in utero; these include all epigenetic changes that act 
synchronously on the developing individual. These changes are 
consistent with the Lamarckian theory that environmental influences 
or individual use/disuse of organs could cause heritable changes. 

Across indirect epigenetics defines changes transmitted from 
previous generations. These are a faster route of transmission across 
generations than genetic inheritance, a concept that aligns with 
Lamarck’s concept in a “neo-Lamarckian” way. All epigenetic changes 
transmitted across generations are referred to as epimutations, in 
contrast to classical, less frequent genetic mutations.72 Ancestral 
gestational stress may have a role in promoting transgenerational 
preterm birth risk.32 Stress can induce the transgenerational 
inheritance of disease, and ancestral exposures to a variety of factors 
can alter stress response transgenerationally.

Specific Changes Seen in Transgenerational Epigenetics
•	 Reprogramming: Except for a few loci, most mammalian 

germlines undergo two rounds of near-complete epigenetic 
erasure, preimplantation and during primordial germ cell 
development, making stable transmission difficult;

•	 Causality: True germline epigenetic inheritance needs to be 
differentiated from environmental/behavioral/social exposure 
in utero/after birth;

•	 Reproducibility: Many transgenerational effects are small, 
context-dependent, and not consistently replicated across labs/
species;
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•	 Tissue specificity: Epigenetic marks are often specific for cell-types 
but not for tissues, as these may show variable composition in 
terms of germline or target tissues; and

•	 Mechanistic proof : Showing specific epigenetic marks in 
germ cells that can explain the phenotype(s) in unexposed 
descendants.

Methods Used to Study Transgenerational Epigenetics
•	 Animal multi-generation studies with cross-fostering/embryo 

transfer to control postnatal effects;
•	 Germline profiling in spermatozoa/eggs using small RNA-seq, 

bisulfite sequencing for DNA methylation, and ChIP-seq for 
retained histones;

•	 Functional tests such as microinjection of altered spermatozoa 
RNAs into zygotes, CRISPR (clustered regularly interspaced 
short palindromic repeats)-based epigenome editing to mimic/
reverse marks, in vitro fertilization, and offspring phenotyping; 
and

•	 Epidemiological cohort studies with carefully controlled data 
about clinical variables and molecular biomarkers.

Clonal Genetic Heterogeneity and Genetic 
Confounders 
Clonal heterogeneity highlights genetic, epigenetic, and/or 
phenotypic differences between cellular subpopulations.73–77 
In cellular cohorts from various tissues, genetic differences 
may arise over time due to spontaneous mutations and mitotic 
recombination.78,79 Genetic drift may also lead to diversification of 
cellular variants that adapt to selection pressures.80 

Generational Toxicology
Exposure to toxins early during development can induce 
epigenetic changes in germ cells and manifest with genetic/
clinical features even in non-exposed future generations; this has 
led to the development of a new branch of science, generational 
toxicology. Understanding the role of environmental factors in 
transgenerational epigenetic inheritance has provided evidence 
for the inheritance of epimutations and phenotype changes. These 
epigenetic changes become imprinted in embryonic stem cells and 
begin to alter cell types throughout life.

There is some evidence that generational toxicity can also alter 
epigenetic transgenerational inheritance of increased susceptibility 
to disease. There is a need for focused studies to understand the 
implications of these exposures. A new approach that takes into 
consideration generational toxicology will be needed to protect 
our future populations.

Co n c lu s i o n s
Transgenerational epigenetics represents a rapidly evolving field 
that challenges traditional views of inheritance by suggesting 
that environmentally induced epigenetic information can 
persist beyond direct exposure and influence phenotypes across 
generations. There is evidence from population studies and 
animal models about the potential for germline transmission 
of epigenetic marks. However, there are some confounding 
data from host factors such as ethnicity, severity of illness, 
and gender, and concurrent infections that limit our ability to 
draw robust conclusions about intergenerational effects and 

environmental continuity. Distinguishing true germline-dependent 
inheritance from context-dependent somatic effects is therefore 
crucial. We need well-designed, multi-generational human and 
experimental animal studies, with integrative molecular analyses 
to establish causality and mechanisms. Clarifying the extent and 
stability of transgenerational epigenetic inheritance may help in 
understanding disease risk, evolutionary biology, and designing 
public health interventions.
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Ab s t r ac t
�We are developing a systemized protocol for major-system sonographic screening, an extended physical examination in critically ill infants. 
This program includes a brief examination of the brain, heart, lungs, intestine, and genitals. We also check the central line catheters for correct 
positioning and complications such as thrombi. This protocol gives more information than the traditional point-of-care ultrasound (POCUS) 
developed over the past two decades. In our recent screening of medical records, we have noted a high incidence of intracardiac thrombi in 
the right cardiac chambers. Some of these thrombi could well result from the longer durations for which umbilical venous catheters (UVCs) 
were used, but not every patient had undergone umbilical venous catheterization. The perception of lower blood flow velocities on the right 
side as a causative factor may also not be entirely correct; the hemodynamic measurements may vary at specific location(s) within the vessels/
chambers, at various time-points in the cardiac cycle, and with physiological conditions such as ventricular hypertrophy. The high frequency 
of clots in the right heart chambers needs evaluation in larger, carefully designed studies.
Keywords: Echocardiography, Infant, Intra-cardiac thrombi, Neonate, Newborn, Point-of-care ultrasound, Sonographic screening, Subcostal 
views, Umbilical arterial catheters, Umbilical venous catheters.
Newborn (2025): 10.5005/jp-journals-11002-0135

Ke y Po i n ts
•	 We are developing a systemized protocol for major-system 

sonographic screening, an extended physical examination in 
critically ill infants.

•	 Our initial records of sonographic examinations show a high 
frequency of intra-cardiac thrombi, particularly on the right 
side. 

•	 Umbilical venous catheters (UVCs) may be as or more 
frequently associated with thrombi than with umbilical arterial 
catheters.

•	 The higher incidence of thrombi in the right heart could be 
explained in some infants based on the length of time for which 
UVCs were used, but not all of these patients had a history of 
umbilical venous catheterization. The perception of lower blood 
flow velocities on the right side as a causative factor may also 
not be entirely correct. Our findings need evaluation in larger, 
carefully designed studies.

In t r o d u c t i o n
We are developing a systemized protocol for major-system 
sonographic screening, an extended physical examination in 
critically ill infants. This program includes a brief examination of 
the brain, heart, lungs, intestine, and genitals. We also check the 
central line catheters for correct positioning and complications 
such as thrombi. These steps provide more information than the 
traditional point-of-care ultrasound (POCUS) protocols developed 
over the past two decades. 

In this pictorial essay, we have shown some intra-cardiac 
thrombi. Close analysis of our sonographic records has shown a 
high frequency of these clots on the right side of the heart.1–3 In 
our neonatal intensive care units, we typically use UVCs for 7–10 
days after birth but have removed umbilical arterial catheters 
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(UACs) sooner, as early as 3–5 days. Many clots were seen right 
on the tip of the UVC (Fig. 1A), but others were attached to 
the tricuspid valve (Fig. 1B) or to the right atrium (RA) septum  
(Fig. 1C). Some of these patients did not have a history of umbilical 
venous catheterization. 

These findings need evaluation in larger, carefully designed 
studies. Our records clearly suggest that UVCs may not necessarily 
be more benign than UACs. Hence, the need for a UVC in an infant 
should be closely monitored, and it should be removed immediately 
if not needed. However, other factors may also be at play; many 
clots were seen in infants who had not undergone umbilical venous 
catheterization. The perception of lower blood flow velocities on 
the right side as a causative factor may also not be entirely correct. 
The measured values may vary at specific location(s) within the 

vessels/chambers, at various time-points in the cardiac cycle, and 
with physiological conditions such as ventricular hypertrophy. The 
left ventricle (LV) has a thicker wall as it operates under higher 
pressures and pumps blood to the entire body, and the blood flow 
velocities can be high. In contrast, the inferior vena cava (IVC) has a 
larger diameter and returns blood to the RA with varying blood flow 

velocities depending on the respiratory pressure gradients. There 
is a need for more information.
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Figs 1A to C: (A) A thrombus seen as an echodense intraluminal mass (arrow) at the UVC tip at the IVC-RA junction. Subcostal views (longitudinal) 
are useful for these evaluations; (B) A clot seen attached to the tricuspid valve (arrow) in apical four-chamber and/or subcostal bi-caval views; 
(C) A thrombus seen on the RA septum (interatrial region; arrow). These can be seen more frequently in the presence of a patent foramen ovale 
(PFO; Doppler view on the right image). A subcostal four-chamber view can be optimal for imaging the atrial septum in neonates. Parasternal 
long-axis and short-axis views can also be useful
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Ab s t r ac t
�This article presents illustrative images suggestive of autosomal recessive polycystic kidney disease (ARPKD) from a young child born at 
full-term gestational age. She had a prior history of repeated episodes of fevers, and during her systemic evaluation, she was noted to 
have abnormal plasma renal function indices. Renal ultrasound showed enlarged kidneys with increased echogenicity, multiple cysts of 
varying sizes, and loss of normal corticomedullary differentiation. Sonographic images of the liver showed two anechoic cystic areas, 
possibly representing a combination of von Meyenburg complexes (biliary hamartomas) and focal intrahepatic biliary dilation, indicating 
Caroli disease.
Keywords: Autosomal recessive polycystic kidney disease, Biliary hamartomas, Caroli disease, Caroli syndrome, Congenital hepatic 
fibrosis, Focal intrahepatic biliary dilation, Infant, Oligohydramnios, Polycystic kidney and hepatic disease 1, Renal tubular ectasia,  
von Meyenburg complexes.
Newborn (2025): 10.5005/jp-journals-11002-0138

Ke y Po i n ts

•	 Autosomal recessive polycystic kidney disease (ARPKD) is a 
hereditary renal cystic disorder, most frequently associated 
with mutations in the polycystic kidney and hepatic disease 1 
(PKHD1) gene on chromosome 6p12.

•	 We present sonographic images of both kidneys and the liver 
in a young child showing changes characteristic of ARPKD and 
Caroli disease.

•	 Careful assessment can help diagnose the condition in utero in 
mothers presenting with oligohydramnios resulting from low 
fetal urine production and characteristic sonographic changes 
in the fetal kidneys.

Cl i n i c a l Hi s to ry
A 30-month-old female born at full-term gestational age was seen 
in her first clinical visit following immigration into the United States. 
She had a prior history of repeated episodes of fevers. Antenatal 
history was not available. She was evaluated by a kidney ultrasound 
in view of abnormal plasma renal function indices.

Di s c u s s i o n

Autosomal recessive polycystic kidney disease is a rare inherited 
childhood condition where the development of the kidneys and 
liver is abnormal.1–4 More than 90% of cases have mutations in 
the PKHD1 gene on chromosome 6p12.5 Polycystic kidney and 
hepatic disease 1 promotes the expression of the fibrocystin 
protein, which is involved in cellular adhesion, ciliary function, 
and cell proliferation in the kidney and liver.6–8 There is evidence 
of extensive alternative splicing of this gene; a critical amount of 
full-length protein is needed for tubular epithelial function. A few 
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patients show mutations in the DAZ (Deleted in Azoospermia)-
interacting zinc finger protein 1-like (DZIP1L), which is involved in 
primary cilium assembly (Figs 1 to 3).9

The condition is characterized by ectasia and cystic dilation 
of the renal tubules.1–4 It is increasingly being diagnosed in  
in utero due to oligohydramnios resulting from low urine production 
by the affected kidneys. After birth, an ultrasound may show 
both kidneys as enlarged, multiple small cysts with echogenic 
membranes in each, and loss of corticomedullary differentiation 
on both sides. Liver involvement can present with cysts/biliary 
hamartomas (von Meyenburg complexes), focal cystic dilation of 
the intrahepatic bile ducts (Caroli disease), and congenital hepatic 
fibrosis (Caroli syndrome). These changes may manifest with portal 
hypertension.1,2

There is a need for clinicians to consider this condition in the 
differential diagnosis of infants with renal dysfunction. Autosomal 

recessive polycystic kidney disease is one of the most common 
causes of heritable, infantile cystic renal disease. In non-isolated 
populations, the carrier frequency may be up to 1 in 70.9 However, 

Figs 1A and B: (A) Longitudinal; and (B) Transverse sonographic images of the right kidney (arrows) showing an enlarged kidney (for her age; 
arrows) with increased echogenicity, multiple cysts of varying sizes (*), and loss of normal corticomedullary differentiation. These findings were 
consistent with ARPKD

Figs 2A and B: (A) Longitudinal; and (B) Transverse sonographic images from the same patient of the left kidney showing enlarged left kidneys 
(arrows) with increased echogenicity, multiple small cysts (*), and loss of normal corticomedullary differentiation
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the disease is being diagnosed in a timely fashion in only 1 in 
20,000–40,000 live births.3 More efforts are needed.

Or c i d
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