
Introduction

Neonatal isoerythrolysis (NI) is an uncommon but well-documented disease that affects

foals of multiparous mares.  The disease is caused by the foal ingesting and absorbing antibodies

in the dam’s colostrum that are incompatible with the foal’s red blood cells (RBC), due to

antigens that the foal acquired from the sire.  The ingested antibodies bind to the foal’s RBCs,

causing hemolysis and hemolytic anemia.  NI typically manifests within the first 5 days of life,

and the severity of symptoms is thought to be dose dependent.  While foals can often overcome

the disease with minimal supportive care, more severe cases require blood transfusions, fluid

therapy, corticosteroids, antimicrobials, supplemental oxygen, and intensive nursing care to

overcome the primary disease and to prevent secondary disease processes from occurring1.  This

case report describes the care of a foal that presented to Rhinebeck Equine with severe, acute

onset of neonatal isoerythrolysis.

Signalment and History

On May 27, 2021, an approximately 12-hour old chestnut Thoroughbred colt, weighing

63 kilograms, presented with his dam to Rhinebeck Equine for suspected rib fractures and

subsequent hemorrhaging.  The foal was out of a multiparous mare, by a prominent leading New

York sire.  This was the second live foal out of the mare by this sire.  Foaling was attended and

the foal reportedly had a normal birth and stood and nursed well.  Within a few hours, the foal

was noted to become dull and less responsive.  He was seen on the farm by the referring

veterinarian, who noted white mucous membranes and suspected the foal was developing a

hemothorax secondary to rib fractures.  He was referred to Rhinebeck Equine to be seen by Dr.



Laura Javsicas, the internal medicine specialist.  The referring veterinarian said that the foal was

extremely compromised and warned the neonatal team that he may be dead on arrival.

Presentation

Upon presentation, the foal was alive but recumbent and obtunded.  His mucous

membranes were pale and tacky, and his eyes were sunken.  He was bradypneic at 8 breaths/min

(reference range for a neonatal foal 30-60 breaths/min), tachycardic at 140 beats/min (reference

range 60-120 beats/min), and hypothermic at 96.0˚ (reference range 99.5˚-102.0˚).  Additional

abnormal physical exam findings included decreased borborygmi, and contracted forelimbs and a

right hind limb.  No rib fractures were palpable, and the umbilical stump was appropriate for a

neonate of this age.  Icterus was not noted on the mucous membranes or the conjunctiva.

Diagnostic Workup

The foal was set on a mattress in left lateral recumbency, blood was drawn for point of

care blood work, intranasal oxygen therapy was initiated at 6L/min and a brief ultrasound of the

thorax, abdomen and umbilicus was started while a second team started prepping the dam for a

blood collection, based off the presumptive diagnosis of hemorrhaging secondary to fractured

ribs.

Point of care blood work revealed a severe anemia and many other abnormalities.  The

packed cell volume was 13% (reference range 27%-43%) and total protein was 5.6 g/dL

(reference range 4.6-6.9 g/dL).  The lactate was elevated at 21.2 mmol/L (reference range

0.5-1.78 mmol/L).  The foal was hypoglycemic at 28 mg/dL (reference range 109-268 mg/dL),



azotemic with a creatinine of 4.9 mg/dL (reference range 0.9-1.7 mg/dL), hyperbilirubinemic

with a total bilirubin of 5.2 mg/dL (reference range 0.0-4.1 mg/dL) and had an elevated creatine

kinase of 1716 U/L (reference range 21-473 U/L).  A quantitative IgG showed adequate transfer

of passive immunity at 845 mg/dL.

Ultrasonography did not reveal rib fractures, or any free fluid within the thoracic or

abdominal cavity.  The umbilicus also appeared normal on ultrasound.

Treatment

After completing the ultrasound and reviewing the bloodwork – specifically the IgG,

packed cell volume, total protein, and total bilirubin – and considering the history of a

multiparous mare with multiple foals from the same stallion - neonatal isoerythrolysis became a

stronger differential diagnosis for the foal’s clinical signs, rather than blood loss.   The blood that

was collected from the mare was discarded, and an ambulatory team was dispatched to collect

blood from a local universal donor horse.  A 16-gauge over the wire catheter was aseptically

placed in the right jugular vein, and a sterile blood culture was taken.  The foal was administered

NaxcelⓇ (ceftiofur sodium; 5 mg/kg IV q12hr), aminocaproic acid (40 mg/kg loading dose q.s. to

60mL with saline), 125mg Solu-Medrol (methylprednisolone sodium succinate) and crystalloid

fluids (Normosol-M with 5% dextrose at 4 ml/kg/hr).

The colt began receiving his blood transfusion within 90 minutes of arriving at the

hospital and tolerated it well, receiving 1.5 liters (L) of blood in total over the course of 2 hours.

His temperature increased, although he was still hypothermic, his respiratory rate increased to 28

breaths per minute, and his heart rate stabilized to 116 beats per minute.  He became brighter and



more interactive and responsive to stimuli, although he remained recumbent.  His blood glucose

increased to 229 mg/dL before stabilizing at 170 mg/dL.

About four hours after starting his blood transfusion, he was able to stand briefly with

assistance. Some physical exam parameters began to normalize, such as his mentation,

temperature (normothermic at 100.5) and respiratory rate (eupnic at 32 breaths per minute).  His

mucous membranes remained pale pink and tacky with an instantaneous capillary refill time, and

borborygmi remained decreased.  A nasogastric feeding tube was placed, and he began receiving

supplemental milk at 5 % of body weight per day q2 from the hospital’s banked supply.  The

dam was milked out routinely and the milk was discarded.  The dam’s serum and the foal’s

whole blood (pre-transfusion) samples were sent to a referral laboratory for a mare-foal

compatibility test to screen for neonatal isoerythrolysis.  A pre-transfusion serum sample was not

obtained from the foal for a major crossmatch, so only a minor crossmatch was performed.

Although the foal was improving from admission, he remained dull.  His PCV dropped to

10% and the decision was made to administer another 1L of donor blood later that evening,

bringing the total amount of transfused blood to 2.5L.  The foal was continued on supplemental

oxygen and Solu-Medrol (1 mg/kg q12h).  Crystalloid fluids were discontinued after roughly 12

hours.  Serial lactate and packed cell volumes were obtained, which showed an improvement in

the lactate – decreasing to 9.4 mmol/L in 12 hours – and the packed cell volume rising briefly to

14% (Figure 1, 2).

After 36 hours in the hospital – about 48 hours of age – the foal was allowed to nurse

from the mare q2h.  A jaundice foal agglutination (JFA) test was not performed to confirm the



milk was safe for the foal to ingest, instead relying on the knowledge that a foal can no longer

absorb antibodies from colostrum after 36-48 hours of foaling.  The foal was brighter but still

required supplemental oxygen to combat hypoxia.  Oxygen challenges, such as disconnecting the

foal from oxygen when allowed to nurse, resulted in increased respiratory rate and effort.  During

the next 24 hours, the foal would nurse for increased lengths of time, and eventually could

tolerate the oxygen rate being decreased to 4L/hr.  Serial readings obtained from a pulse oximeter

showed that his oxygenation remained stable in the low 90s.

A full chemistry panel was repeated on May 29, two days after admission.  The azotemia

had improved with a creatinine of 1.4 mg/dL, but the hyperbilirubinemia increased to 14.8

mg/dL (Figure 3) and the AST was 506 U/L (reference range 0 - 228 U/L).  The in-house

chemistry analyzer was unable to get a reading of AST on intake, and no dilutions were

performed at that time, so the initial result is unknown.  The CK, which was elevated at

presentation, was unable to be read on the repeat chemistry.  No dilutions were performed.

Seventy-two hours after initial presentation, the packed cell volume decreased to 9% and

it was decided to administer another 500mL of donor blood, bringing the total amount of

transfused blood to 3L.  A repeat chemistry the following day, on May 31, revealed

improvements in the AST (403 U/L) and total bilirubin (11.8 mg/dL).  The CK had decreased

and was within the normal reference range at 395 U/L, and the creatinine remained within

normal limits at 1.4 mg/dL.  The foal was switched from Solu-Medrol to dexamethasone (0.02

mg/kg IV q24h) because the PCV and anemia was still not responding favorably to the whole

blood transfusions.



Progression of Treatment

On day 5 of hospitalization, the foal was discontinued from oxygen.  The next day, a very

slight, subcutaneous swelling at the IV catheter insertion site prompted removal of the catheter,

and upon removal, a moderate amount of purulent material drained from the insertion site.  A

culture was taken and submitted for an in-house culture and sensitivity.  The foal remained on

the current antibiotic and steroid regimen, although everything was now administered

intramuscularly.

Twenty-four hours after removing the IV catheter, the colt became febrile (103.1˚) for the

first time since being hospitalized, and his conjunctiva appeared more icteric than previously.  A

repeat CBC showed, along with his documented chronic anemia, a leukocytosis of 16.51 K/µL

(reference range 4.90 - 11.10 K/µL), marked by neutrophilia of 13.10 K/µL (reference range 2.50

- 6.90 K/µL) (Figure 4).  An ultrasound of the right jugular vein was consistent with septic

thrombophlebitis (Figure 5).  Since he was also noted to have developed a patent urachus

overnight, an ultrasound of the internal umbilical structures was performed, which revealed

omphalophlebitis (Figure 6). He was started on rifampin suspension (5mg/kg PO q12h) and

clopidogrel (loading dose of 4mg/kg PO once, then 2mg/kg PO q24h), along with the Naxcel and

dexamethasone.  He was also administered a 125# dose of flunixin meglumine paste for the

pyrexia.  The culture and sensitivity results from the IV catheter site revealed growth of

Staphylococcus aureus, and the blood culture revealed no growth.  Based on these results, he was

switched to chloramphenicol (50 mg/kg PO q6h).



Repeat blood work on day 10 of hospitalization revealed improving leukocytosis and

neutrophilia, at 14.71 K/µL and 10.59 K/µL respectively.  Inflammatory markers were elevated,

with fibrinogen at 405 mg/dL (reference range 100-400 mg/dL) and the serum amyloid A (SAA)

at 10,880 mg/L (reference range 0-20 mg/L).  A thoracic ultrasound revealed the foal had

developed pneumonia (Figure 7).  The antimicrobial treatment plan remained the same.

On day 15, a repeat SAA showed a decrease to 2,160 mg/L.  A CBC revealed a

significantly increased leukocytosis and neutrophilia, at 31.17 K/µL and 28.03 K/µL

respectively.

The foal was clinically improving, and although inflammatory markers were still

elevated, they were decreasing from previous levels.  Despite the increased leukocytosis and due

to financial prudence, it was determined that the foal could be transferred back to the farm and

his care could be taken over by the farm staff, with repeat blood work being performed by the

referring veterinarian.  The foal was discharged from the hospital on June 11, 15 days after being

admitted.  After-care instructions included stall rest, continued antimicrobial therapy, umbilical

care, and jugular vein care, including remaining on clopidogrel.  His packed cell volume was

15% at the time of discharge.

Outcome

On June 28, the foal was admitted to the hospital with a presenting complaint of lameness

and effusion in the right stifle and left hock.  Repeat blood work was performed and revealed a

packed cell volume of 28%, along with leukocytosis and neutrophilia.  An arthrocentesis was



performed, and it was determined that the foal had septic arthritis.  After a brief stay in the

hospital for antimicrobial treatment and joint lavages, the foal was discharged to the farm.

At the time of this presentation, the colt is doing well.

Discussion

The foal’s treatment plan had to be planned and executed carefully.  He had a great need

for additional blood products, but whole blood transfusions come with the risk of causing liver

failure.  A retrospective study published in 2008 found that the incidence of liver failure

increased with each liter of whole blood transfused, and that amounts over 2 or 3 liters provides

enough iron to create iron toxicity, which in turn can lead to liver failure2.  Treatment with

deferoxamine, an iron chelator shown to be effective in foals, was considered in this case but was

not able to be obtained3.  The foal in question received a total of 3 transfusions equaling a total of

3L.  After the third transfusion, although his packed cell volume did not immediately respond the

way the medicine team had hoped, it was decided against any more transfusions due to these

known increased risks.

The foal’s liver enzymes, specifically the total bilirubin, were watched carefully

throughout his hospitalization.  Although a liver panel was not sent out to a referral laboratory to

determine the amounts of conjugated versus unconjugated bilirubin, the previously referenced

study also showed that there is a direct correlation between the maximum serum total bilirubin

and the development of kernicterus, or bilirubin encephalopathy, which is a disease where

unconjugated bilirubin enters the neurons in the brain and causes neurological symptoms, such as

seizures.  The study showed that kernicterus developed in foals that had maximum total bilirubin



levels ranging from 19-41 mg/dL2.  The foal in this case report had multiple full chemistry panels

run on the in-house chemistry analyzer, which followed the trend of the total bilirubin levels as

they increased to a maximum of 14.8 mg/dL two days after admission and then began to

decrease.  While kernicterus was always a possibility because of the severity of the foal’s

disease, the medicine team felt that the need for additional red blood cells outweighed the risk of

kernicterus.

This foal was an atypical presentation of neonatal isoerythrolysis in that the response to

the dam’s antibodies was very rapid in onset, strong, and aggressive.  The foal was given the best

chance for a favorable outcome due to the quick observations of the farm staff and attending

veterinarian, prompt referral, a competent nursing team that provided excellent care, and an

understanding owner.  The foal avoided the more serious implications of NI, such as kernicterus,

but did develop multiple comorbidities even in the face of excellent and timely care and

treatment, demonstrating how serious NI can be.
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FIGURE 1: Packed cell volume trends

FIGURE 2: Lactate trends



FIGURE 3: Total bilirubin trends.

FIGURE 4: Leukocyte trends



FIGURE 5: Ultrasonography showing a thrombosed right jugular vein.





FIGURE 6: Ultrasonography showing thickened internal umbilical structures, indicating

omphalophlebitis as a secondary disease process.  This is depicting measurements of the right

umbilical artery.



FIGURE 7: Ultrasonography showing pleural roughening of the lungs, indicating pneumonia as

a secondary disease process.


